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Abstract

This study developed and validated a hydrophilic interaction liquid chromatography—tandem mass
spectrometry (HILIC-LC-MS/MS) method for the simultaneous determination of N-acetyl neuraminic acid
(NANA) and N-glycolyl neuraminic acid (NGNA) in edible bird’s nest and bird’s nest products. Samples were
hydrolyzed with 0.1 M hydrochloric acid at 90°C for 1 h to release bound sialic acids prior to analysis.
Chromatographic separation was performed on an XBridge HILIC column (150 x 4.6 mm, 3.5 pm) using a
mobile phase consisting of ammonium formate/formic acid and acetonitrile under gradient elution. The
analytes were detected by tandem mass spectrometry in positive electrospray ionization (ESI+) mode using
multiple reaction monitoring (MRM). The method showed good linearity over the concentration range of 25 —
5000 ng/mL, with a correlation coefficient (r) > 0.999. The limits of detection (LOD) and quantification (LOQ)
were 0.37 and 1.23 mg/kg, respectively. The precision and recovery of the method met the AOAC validation
requirements. The method was applied to the simultaneous determination of NANA and NGNA in edible bird’s
nest and bird’s nest product samples. The results showed that NANA was the predominant sialic acid
component, whereas NGNA was detected only at low levels in some samples. The application results
demonstrated that the developed method met the requirements for the simultaneous determination of NANA

and NGNA in edible bird’s nest and bird’s nest products.
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Xay dung va tham dinh phuong phap sac ky 1ong ua nudc ghép ndi khdi phd hai 1an xac
dinh ddng thai N-glycolyl neuraminic acid va N-acetyl neuraminic acid va trong 1o yén va
cac san pham tif to yén

Nguyén Vin Khoa'!, Nguyén Quang Hing', Mac Thi Thanh Hoa', Lé Thi Kim Anh',
Nguyén Anh Tuyét!, Mac Quynh Chi', Vwong Thi TAm', Cao Cong Khanh?
Vién Kiém nghiém an toan vé sinh thyc phdm qudc gia, Ha Noi, Viét Nam
2Cyc An toan thwe pham, B Y Té, Ha Ngi, Viét Nam
Tom tit
Nghién ciru xay dung va tham dinh phuong phap sic ky 1ong ua nudc ghép ndi khdi phd hai lan (HILIC-
LC-MS/MS) dé xac dinh dong thoi N-glycolyl neuraminic acid (NGNA) va N-acetyl neuraminic acid (NANA)
trong t6 yén va cac san pham tir tb yén. Mau duoc thuy phan bang dung dich acid hydrochloric 0,1 M & 90°C
trong 1 gid nham giai phong cac acid sialic lién két trude khi phan tich. Qua trinh phén tach sac ky duogc thuc
hién trén cot XBridge HILIC (150 x 4,6 mm) kich thudc hat nhdi 3,5 um v6i pha dong gdm amoni format/acid
formic va acetonitril theo chuong trinh rira giai gradient; cc chat phan tich dugc phat hién bang khdi phd hai
1an & ché do ion hoa phun dién duong (ESI+) véi ché d6 theo ddi da phan ing (MRM). Phuong phap c¢6 do
tuyén tinh tt trong khoang ndng d6 25 — 5000 ng/mL, v&i hé sé twong quan (r) = 0,999. Gidi han phat hién
(LOD) va gi6i han dinh lugng (LOQ) lan luot 14 0,37 mg/kg va 1,23 mg/kg. D6 chum va do thu hdi cua phuong
phap dap Gmg cac yéu cau thim dinh cia AOAC. Phuong phap duoc ap dung dé xac dinh dong thoi NANA va
NGNA trong cic mau to yén va san pham tir t yén. Két qua phan tich cho thdy NANA 1a thanh phan acid
sialic chiém uu thé, trong khi NGNA chi dugc phat hién & ham lugng thip trong mot sé miu. Két qua ung
dung cho thiy phuong phap dap ng yéu cau xac dinh ddng thoi NANA va NGNA trong t6 yén va cac san
pham tir t6 yén.
Tir khéa: NANA, NGNA, Sialic acid, t6 yén, HILIC-LC-MS/MS.
1. PAT VAN PE
T6 yén 1a thuc pham ndi tiéng vi gia tri dinh dudng va mang lai nhiéu loi ich kinh té, dwoc hinh thanh chi
yéu tir glycoprotein do chim yén tiét ra. Trong thanh phan cua t6 yén, acid sialic dugc xem 1a mot trong nhirng
hop chét dic trung, ¢ vai trd quan trong trong cac hoat dong sinh hoc nhu nhan dién té bao, diéu hoa dap tng
mién dich va phat trién hé than kinh [1]. Trong d6, N-acetyl neuraminic acid (NANA) la dang acid sialic chiém
nhiéu trong t6 yén, con N-glycolyl neuraminic acid (NGNA) thuong chi hién dién 6’ ham luong réat thip hodc
khong phat hién duge. Vi Vay, ham luong va thanh phén acid sialic duoc xem 1a yeu tb co ban khi danh gia
chat lwong va tinh xac thuc vé ngudn gbe cta to yén cling nhu cac san pham ché bién tir t6 yén.

Hién nay, thi trudng c6 nhiéu san pham t6 yén vai ty 16 t6 yén va thanh phan cong bé rat khac nhau, trong
khi viéc kiém soét chat lugng chu yéu dua trén thong tin ghi nhin va chua c6 chi tiéu hoa hoc dic trung dugc
ap dung rong rdi. Viéc xac dinh chinh xac ham lugng acid sialic ¢ y nghia quan trong trong danh gia chét
lwong nguyén liéu, kiém soat ham lwong t6 yén thuc té trong san phim va hd trg phat hién gian 1an thuong
mai. Ham lugng acid sialic, dac biét la NANA, c6 tiém nang phan anh sy hién di¢n va murc d6 su dung nguyén
liéu t6 yén trong san pham. Tuy nhién, viéc dinh lugng chinh x4c nhom chét nay gip nhiéu thach thirc do nén
t6 yén giau glycoprotein, acid sialic ton tai chu yéu & dang lién két trong cac chudi glycan va can dwoc giai
phong truée khi phan tich. Pdng thoi, ham lugng NGNA thip hon nhiéu so véi NANA doi hoi phuong phap
phai c6 d9 nhay va do chon loc phu hop dé c6 thé xac dinh dong thoi hai chét trong cing mot quy trinh phan
tich.

NANA va NGNA i hai monosaccharide thudc nhom acid sialic, trong cau tric chira nhiéu nhom hydroxyl
va nhom carboxyl nén c6 d6 phan cuc cao va kha ning hoa tan tbt trong nude. Cu trac chat phan tich duoc
thé hién trong Hinh 1. Dic diém hoa Iy nay dit ra yéu cau lya chon co ché luu gifr phit hop nhim dém bao kha
nang luu giit, phan tich va phat hién cac chat phén tich trong qua trlnh phat trién phuong phap sdc ky. Hién
nay, nhiéu k¥ thuat da duoc ap dung dé xac dinh acid sialic, bao gom phuong phap so mau, sic ky long hi¢u
nang cao (HPLC), dién di mao quéan va sic ky long ghép nbi dau do khdi phd (LC-MS/MS) [2 — 4]. Bé phu
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hop véi viée phan tich cac chat & ham lugng thap trong nén miu thyc pham phirc tap, LC-MS/MS 1a phuong
phap c6 d6 chon loc cao va kha ning phat hién, dinh luong ¢ nhitg mirc ham luong thip.

NANA NGNA

Hinh 1. Céu triic NANA va NGNA

Tai Viét Nam, Nguyén Thi Hong Ngoc va cong su (2019) da xdy dung phuong phap LC-MS/MS sir dung
¢t C18, ché d6 ion hoa ESI(-) va qua trinh thuy phan bang acid formic dé xac dinh NANA va NGNA trong
thuc phim bao vé strc khoe (TPBVSK) va nudce yén [12]. Nghién ctru nay cho thdy kha ning tmg dung cia
LC-MS/MS két hop sic ky pha déo trong phan tich acid sialic. Tuy nhién, nhugce diém cua sic ky pha dao
trong trudng hop nay 1a co ché luu giir dya trén tuong tac ky nude, trong khi NANA va NGNA c¢6 tinh ky nudc
thap. Do d0, kha nang luu giir cia hai chit trén pha tinh C18 bi han ché, lam tang kha niang dong rira giai voi
c4c thanh phan phéan cyc cta nén mau. Didu nay c6 thé dan dén hinh dang pic sdc ky bi gidn rong, kéo dudi va
tang muc d anh huong nén dbi véi tin hidu khdi pho.

Séc ky twong tac wa nude (HILIC) 1a mot lya chon phit hop hon vé mit co ché luu gitr d6i voi cac hop chét
¢b do phan cuc cao. HILIC sir dung pha tinh phan cuc két hop v6i pha dong ¢6 ham luong dung méi hiru co
cao. Trong diéu kién nay, mot 16p nude duge hinh thanh trén bé mat pha tinh, cac chét phéan cyc nhu NANA
va NGNA duoc luu giit cha yéu thong qua su phan b giita pha dong giau dung méi hitu co va 16p nude nay,
ddng thoi co thé tham gia céc lién két hydro voi bé mit pha tinh. Co ché nay 1am ting mirc d6 tuong tac giita
chat phan tich va pha tinh, qua d6 cai thién kha nang luu giit, hinh dang pic sic ky va do chon loc dbi véi cac
hop chét phan cyc. Bén canh sy pht hop vé co ché tuong tac pha tinh, pha dong HILIC thuong chia ty 18
acetonitril cao, thuén loi cho qua trinh bay hoi dung méi va ion hoa trong ngudn ESI khi ghép ndi véi detector
khdi phé, 1am ting d nhay khi phan tich [15]. Do d6, viéc Iya chon HILIC trong nghién ciru nay khong chi
dya trén kha nang tuong tac phu hgp hon gitta pha tinh phan cuc va NANA, NGNA ma con dya trén kha ning
tuong thich t6t véi hé LC-MS/MS.

Trén co s¢ do, nghién ciru nay duge thyc hién nhim xay dung va thim dinh phuong phap HILIC-LC-
MS/MS sir dung ché d6 ion hoa ESI(+) dé x4c dinh dong thoi NANA va NGNA trong t6 yén va cac san pham
tir to yén, dong thoi khao sat co hé théng cac didu kién thily phan nham t6i wru qua trinh giai phong acid sialic
khoi nén mau. Nghién ciru khong chi thiét 1ap cac diéu kién phan tich thich hop ma con danh gia mot cach hé
thong hiéu ning ciia phuong phép thong qua cac thong sb tham dinh, 1am rd tinh phu hop va danh gia kha nang
két hop ctia HILIC két hop v6i LC-MS/MS d6i v6i phan tich ddng thoi cac acid sialic trong nén t6 yén. Qua
d6 cung cip co sé khoa hoc cho viéc phat trién va ing dung cac phuong phap dinh lugng NANA va NGNA
trong kiém nghiém chét luong va danh gia thanh phan cia t6 yén va cac san pham lién quan.

2. PHUONG PHAP NGHIEN CUU
2.1. Poi twgng nghién ciru
Trong nghién ctru nay, 2 chat phan tich NANA va NGNA 1a ddi twong duge xac dinh trong phuong phap
phan tich trén ddi twong nén mau 14 t& yén va san pham tir to yén bao gdm yén chung, nudc yén.
2.2. Héa chit, dung cu
2.2.1. Thiét bi, dung cu
Thiét bi séc ky long két ndi v6i detector khdi phd 2 1an (LC-MS/MS), model H-class - Xevo TQD cua hing
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Waters (M¥) la thiét bi chinh dugc sir dung trong nghién ctru nay. Phan pha tinh sir dung trén hé thong HPLC
1a cot sdc ky XBridge HILIC (150 mm x 4,6 mm, 3,5 um) c6 st dung tién cOt.Ngoai ram cac dung cu thi
nghiém va céc thiét bi phu trg co ban nhu may dong nhat mau, can ky thuat, can phan tich, bé diéu nhiét, ...
phti hop vé6i yéu cau phong thi nghiém dugc sir dung trong qua trinh chuan bi mau phan tich.

2.2.2. Mdu nghién ciru

Mau nghién ctru 1a mau t6 yén tinh ché, mau yén chung, mau nudc udng bd sung yén.

Mau tring dugc sir dung trong nghién ciru 13 hdn hop duoc pha ché tir nudce, duong, gelatin. Mau tring
dugc sir dung dé thém chuén tai cac muc trong qua trinh tham dinh phuong phap.

2.2.3. Héa cht

Hai chét chuan tuong tng véi 2 chét phén tich dwoc str dung 1a chit chuan N-acetyl neuraminic acid, ham
luong nguyén trang 99,60%, Lot 0319-RA-0004 (CATO) va chét chuin N-glycolyl neuraminic acid, ham
lwong nguyén trang 100%, Lot 7-XJZ-42-1 (TRC-Canada). Cac héa chit khac nhu: Acetonitril (ACN), acid
formic (HCOOH), acid hydrochloric (HCI), acid acetic (CH;COOH), ammoni format (HCOONHS,), nudc cit
phong thi nghiém dugc sir dung trong nghién ciru déu dap ting yéu cau vé tinh khiét sic ky.

2.3. Phuong phap nghién ctru
2.3.1. Phirong phdp xir Iy mau

- T6 yén tinh ché duoc xay nghién va tron déu bang may dong nhat mau.

- Cac mau san pham t6 yén ¢ dang long duoc xay va lic déu dé dong nhat mau.

Qua trinh giai phong céc acid sialic dwoc thyuc hién théng qua phuong phap thuy phan bing acid trong moi
truong nhiét 6 cao. Sau khi tham khao tai liéu [5, 6, 12] quy trinh x&r Iy mau dy kién nhu sau: Mau duoc dong
nhit, sau d6 can chinh xéc tir 0,5 — 1 g d6i v6i mau t yén tinh ché, 1 — 5 g ddi véi nén mau san pham tir to yén
vao 6ng ly tim 50 mL, bd sung dung méi thuy phan va u thity phan bang bé didu nhiét trong 1 gid, lic dao déu
mau 15 phat/1 1an, 1am ngudi dén nhiét d6 phong va ly tim tdc do 6000 vong/phut trong 3 phut. Lay phan dich,
dinh mirc 50 mL bang nudc. Loc miu qua mang 0,2 um va pha lodng dén ndng do thich hop trude khi phan
tich.

Phuong phap t6i wu don bién dugc sir dung dé khao sat cac thong sb trong qua trinh chuan bi mau trén nén
mau san phém td yén, theo trinh ty thu hep dan pham vi khao sat. Trinh ty khao sat dugc lya chon dya trén co
ché thity phén, trong d6 acid 1a tac nhan truc tiép thuc dy qua trinh cit lién két glycosidic, do dé viéc xac dinh
loai va nf”)ng d0 acid phu hop dugc thuc hién trudec. Tiép d6, nhiét 46 dugc khao sat nham xéac dinh mirc do gia
nhiét thich hop cho qua trinh giai phong acid sialic. Cudi cing, thoi gian thuy phan duoc khao sat dé xac dinh
thoi gian du dé giai phong acid sialic nhung han ché kéo dai qua muc qua trinh xtr Iy. Céach tiép can nay phu
hop vai cac nghién ctru da sir dung thity phan acid két hop kiém soat nhiét do va thoi gian dé giai phong acid
sialic trudc phan tich [1, 8, 11, 12]. Cac thong s6 dugc khao sat cu thé nhu sau.

Dung mdi thity phan: Cac dung méi duge khao sat gdbm HC1 1 M, HC1 0,1 M, HCOOH 1 M, HCOOH 0,1
M, CH;COOH 1 M, CH3;COOH 0,1 M. Diéu kién cho két qua phan tich pht hop nhat duoc Iya chon lam diéu
kién cb dinh cho budc khao sat nhiét do.

Nhiét do thiry phan: Sau khi di lya chon duoc dung méi thiy phan phu hop, tién hanh thay ddi nhiét d6 &
cac muc 60°C, 80°C, 90°C, 100°C. Trong khi cac diéu kién khac dugc gitt cd dinh. Nhiét @6 cho hiéu suét gidi
phong acid sialic pht hop nhit duoc Iya chon va c¢b dinh cho bude khao sat thoi gian.

Thoi gian thuy phéan: St dung df”)ng thoi loai acid va nhiét do da duoc lwa chon, tién hanh khao sat thoi gian
thity phan 30 phut, 1 gio, 2 gio va 3 gid. Thoi gian thity phan ¢ két qua phan tich phii hop nhét dwoc lya chon
lam diéu kién thay phan cho nghién ctru.

2.3.2. Phuwong phap phan tich LC-MS/MS

Phuong phap sic ky long két ndi detector khdi phd hai 1an (LC- MS/MS) duorc sir dung dé phan tich dong
thoi 2 chdt NANA va NGNA (hoat chit thudc nhém acid sialic) trong mau t6 yén va cac san pham tir t6 yén.
Pay 1a phuong phap phan tich hién dai, c6 d¢ nhay, do chinh xac va d¢ chon loc cao, phu hop cho muc tiéu
nghién ctru.
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2.3.3. Phirong phép tham dinh

Tién hanh tham dinh phuong phép sau khi xay dung duoc thong qua cac thong s6 sau: D didc hiéu; duong
chuén; Gidi han phat hién (LOD) va giéi han dinh luong (LOQ); P9 chum (tién hanh trén cic nén mau: t6 yén,
yén chung va nude yén bo sung yén); Do dung/Do thu hdi (phan tich mau thém chuén tai 3 mic ndng d6, mdi
mirc thém chuédn dugc tién hanh doc 1ap va l1ap lai 6 1an theo quy trinh xir Iy mau) [7].

LOD va LOQ duoc thyc hién trén cic mau thém chuin & ham luong thap va phén tich lap lai 10 lan. Gia
tri LOD, LOQ dugc tinh theo cong thire: LOD =3 x SD; LOQ = 10 x SD; Trong d6 SD 1a d6 1éch chuén cua
mau thtr. Panh gia LOD tinh dwoc qua hé s6 R = x4/LOD. Néu 4 < R < 10 thi ndng do dung dich thir 1a phu
hop va LOD tinh dwoc 1a dang tin cdy. Néu R < 4 thi cin dung dich thir c6 ndng d6 cao hon. Néu R > 10 thi
can dung dung dich thir c6 nong d¢ thap hon [7].

Phuong phap dugc danh gia anh hudng ctia nén mau thong qua thuc hién phan tich lap lai 3 1an mau tring
thém chuan va dung dich chuan & mirc ndng do twong img LOQ. Gia trj anh huong nén (ME%) [7] dugc xac
dinh bang cong thirc sau:

S
ME% = %x 100

S
Trong d6: S — tin hiéu trung binh mau tring thém chudn;
S — tin hiéu trung binh dung méi thém chuén.

2.3.4. Phurong phdp xir 1y s6 liéu

Phan mém Masslynx trén tl}ié't bi LC-MS/MS cua héng Waters d}IQC sir dung dé t,inh toan két qua ham
luong NAN{\ va NGNA. Céc két qua tinh toan % thu hoi, do 1éch chuan va cac xur 1y thong ké khac dugc thuc
hién trén phan mém Microsoft Excel 2019.
3. KET QUA VA BAN LUAN
3.1. Két qua tdi wu diéu kién thyc hi¢n LC-MS/MS
3.1.1. Diéu kién MS

NANA va NGNA 1a cac hop chét ban chét acid yéu do sy hién dién ciia nhém carboxyl trong cAu trac, ton
tai chit yéu ¢ dang anion tich dién 4m trong méi truong c6 pH > 2,6 dan dén hiéu suit proton hoa truc tiép tao
ion [M+H]" rat kém, chit phan tich c6 xu hudéng d& tao cac ion cong kiém (Na*, K*) gay phan tan tin hiéu va
giam d6 nhay khi phan tich ché d6 ESI(+) [6]. Do d6 ché d6 ion hoa ESI(-) thuong dugc wu tién lya chon trong
nhiéu quy trinh phan tich dé xac dinh hai hop chét nay [1, 3, 12]. Tai Viét Nam, Nguyén Thi Hong Ngoc va
cong su (2019) da xay dung phuong phap LC-MS/MS sir dung cot C18 két hop ché do ESI(—) dé xac dinh
ddng thoi NANA va NGNA trong TPBVSK va nudc yén [12]. Tuy nhién, ché d6 ion héa dwong ESI(+) ciing
d3 duoc chimg minh 1a mot phuong phéap 6n dinh trong dinh lugng acid sialic, ddc biét khi két hop v6i hé thong
sdc ky twong tac ua nude (HILIC) va pha dong thich hop. Dién hinh, Shi va cong su (2015) da trién khai phan
tich acid sialic trén LC-MS/MS & ché do ESI(+) dé dinh lvong NeuSAc trong huyét twong ngudi véi do nhay
va d6 chon loc ot [13]. Trong diéu kién ESI(+), NANA tao ra ion phén tir [M+H]" tai m/z 310 va chuyén manh
dic trung sang ion con m/z 274. Viéc sir dung pha dong giau acetonitrile cing cac chat dién ly d& bay hoi trong
HILIC c6 thé hd trg qua trinh ion hoa, qua do cai thién dap tmg d6i voi NANA va NGNA, dong thoi khic phuc
nhitng han ché cua ESI(+) khi phan tich.

Trong nghién ctru nay, ché d6 ion héa dugc khao sat va lya chon d(“)ng thoi voi qua trinh t61 wu diéu kién
sdc ky HILIC. Két qua cho thiy, v6i hé pha dong gdm acetonitril, dung dich ammonium formate va acid formic,
ché @6 ESI(+) cho tin hiéu 6n dinh, dap ting cac yéu ciu vé do nhay, d0 lap lai va céac chi tiéu thAm dinh theo
hudng din AOAC. Vi vay, ché d6 ion hoa ESI(+) dugc lya chon cho phuong phép phén tich

Trén co s& tham khao tai liéu [8, 13] va cdu trac cua chét phén tich, cac diéu kién MS/MS duoc khao sat
v6i ki thudt ion hoa phun dién tir ESI(+) va dugc quét & ché do theo ddi da phan img (MRM), bang cach tiém
truc tiép vao hé théng khéi phé lan luot cac dung dich chuén cua tung chét phan tich véi néng d6 1000 ng/mL.
Cac diéu kién phan manh ion, ning lugng ban pha phan manh dugc t6i wu hoa ty dong theo thiét bi khdi phd.
Céc ion con c6 tin hiéu va nhat va cao tht hai lan luot duoc lya chon 1a méanh dinh lugng va manh dinh tinh.
biéu kién ion me, ion con va cac thong $6 t6i uu cho tung manh duogc trinh bay 6 Bang 1.
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Bdng 1. Gia tri mdanh phé khoi duwoc ua chon dé theo doi tin hiéu NANA va NGNA

Chit phan tich Ion me (m/z) Ion con (m/z) Nang luwgng va cham (eV)
NANA 310,0 273,9%/120,7 18
NGNA 326,1 289,9%/308,0 20

* Manh ion su dung dé dinh luwong
3.1.2. Piéu kién sdc ky
Dé hd tro qua trinh ion hoa & ché d6 ESI(+), hé dung mdi pha dong da dwoc bd sung thém NH,* bang cach
sir dung hé dém HCOONH,4 / HCOOH [2, 4, 9, 12, 13]. Diéu kién sic ky phan tich NANA va NGNA bao gom:
¢cot sac ky XBridge HILIC (150 mm x 4,6 mm, 3,5 um), detector MS, thé tich tiém 5 uL, hé pha dong duoc
lwa chon gdm hdn hgp dém amoni format/acid formic va ACN theo chwong trinh rira giai gradient trinh bay &
Bang 2.

Bdng 2. Chuong trinh gradient pha dong
Thoi gian Téc do dong HCOONHs 5 mM/HCOOH 0,2% HCOONH4 30 mM/HCOOH

(phut) (mL/phit) trong (H20:ACN) (1:1) (%)  0,2% trong (H20:ACN) (1:1) (%)
0,00 0,50 100 0

1,00 0,50 100 0

1,50 0,50 0 100

3,00 0,50 100 0

8,00 0,50 100 0

Trong nghién ciru nay, cdt XBridge HILIC duoc lya chon nham khéo sat mot co ché luu gitt phu hgp véi
dic tinh phan cuc cia NANA va NGNA va xay dung diéu kién sic ky tuong thich véi hé thong LC-MS/MS.
Co ché luu giir ciia HILIC dya trén sy phan b cua chat phan tich giira 16p nudc hdp phu trén bé mit pha tinh
va pha dong giau acetonitril, két hop véi cac twong tac hydro, twong tac ludng cuc va tuong tac tinh dién.
Ngoai ra, viéc sit dung pha dong chura ty 18 acetonitril cao gitip ting hiéu qua bay hoi trong ngudn ion hoa
ESI(+). Két qua khao sat cho thay hé pha dong sir dung amoni format, acid formic va acetonitril trén cot
XBridge HILIC cho dién tich pic 16n, hé sé dbi xtmg gan 1, ty 18 tin hiéu/nhidu cao va s dia 1y thuyét 16n, vi
vay duoc lya chon cho cac nghién ciru tiép theo. Hinh 2 1a sic d6 dung dich chuén hdn hop NANA va NGNA
thu dugc véi chuong trinh gradient pha dong néu trén. Hé dém amoni format/acid formic vira cho thiy su tuong
thich véi ky thuat phan tich trén thiét bi LC-MS/MS do day 1a hé dém bay hoi, twong thich véi LC-MS/MS
vira hd tro tao diéu kién thuén lgi cho qua trinh proton hoa cta cac acid sialic. Co so Iya chon nay phu hop véi
cac nghién curu trude day cua Shi va cong su [13], Karunanithi va cong su [5] cling nhu Tebani va cong su [8].

20250329_sample 14 MRM of 6 channels ,ES+ 20250329 _sample 14 MRM of 6 channels ES+
khaosat gradien 2 NANA 310.0466 >273.9153 khaosatgradien2  NGNA 326.174 > 289.988
3.83 1.685e+005 3.79 2.473e+005
957] 957]
%] %]

5 T min 5 ST T A R T min

20250329 _sample 14 MRM of 6 channels ES+ 20250329_sample 14 MRM of 6 channels ,ES+
khaosat gradien 2 NANA 310.0466 >120.7972 khaosatgradien2  NGNA 326.174 > 308.078
3.83 4.777e+004 3.78 7.939e+004

957 957

%] %]

| ; ]
-5 S min -5 Y min
2.00 4.00 6.00 2.00 4.00 6.00

Hinh 2. Sic ky @6 mau chudn NANA va NGNA sir dung chirong trinh gradient
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3.2. Két qua khio sat diéu kién xir Iy miu
3.2.1. Dung moi thuy phdn

Thuec té, vé ban chat cu tric ca NANA va NGNA déu t6n tai dudi dang 1a mat xich cudi cua cac chudi
glycan trén glycoprotein va glycolipid do d6 dé hoan toan giai phong dudi dang tu do tao diéu kién thuan loi
cho qua trinh dinh tinh, dinh luong thi NANA va NGNA can dugc thity phan khoi chudi glycan. Hai qué trinh
thiy phéan thuong dugc ap dung dé giai phong chat phén tich trong cac nghién ciru trude day 1a thuy phén acid
hoic thity phan enzyme.Cu thém, khi sir dung phuong phap thuy phan acid, uu diém thu dugc 1a tiét kiém chi
phi nhung hiéu qua thiy phan vin dam bao, tuy nhién diéu kién thiy phan can dugc t6i ru nham dam bao giai
phoéng hoan toan acid sialic khoi dang lién hop, dong thdi han ché su phan hay ciia cac chat phén tich dudi tac
dong ctia moi trudng acid va nhiét do.

Trén co s& d6, nghién ctru tién hanh khao sat cac dung méi thiy phan gom HCI 1 M; HC1 0,1 M; HCOOH
1 M; HCOOH 0,1 M; CH;COOH 1 M; CH3;COOH 0,1 M. Mau duoc thiy phan & nhiét d¢ 90°C trong thoi gian
1 gid. Cac diéu kién khac cia quy trinh xtr Iy mau duoc giit ¢b dinh. Két qua dugc thé hién trong Hinh 3.

15
9.76

9.26 00
285 15 346 Iz 71 Iz 81 I2.87 I2'48
, Hm [l ]

HCI 1M HC10.1IM  HCOOH IM HCOOH 0.1M CH3COOH 1M CH3COOH

0.1M
Dung moi thily phan ENANA ENGNA

Hinh 3. Két qua khao sat dung méi thity phén

Két qua khao sat cho thay HC1 0,1 M cho ham lugng NANA va NGNA cao nhit trong cac diéu kién khao
sat. O ndng d6 acid cao hon (HCI 1 M), tin hiéu cta ca hai chat déu giam, cho thdy méi trudng acid manh ¢
thé thuc ddy qua trinh phan huy acid sialic sau khi duoc giai phong khoi glycoprotein. Béi véi HCOOH va
CH;COOH, hiéu sut thuy phan thap hon tai thoi gian thity phan 1 gid. Tuy nhién, két qua nay chi phan anh
hiéu qua cua cac diéu kién da khao sat va khong duoc sir dung dé khing dinh rang HCOOH c6 kha ning thiy
phan kém hon HCI vé ban chét. Thoi gian thuy phan dai hon ¢ thé dwoc xem xét trong cac nghién ctru tiép
theo dé danh gia dﬁy da hon kha nang stt dung HCOOH. Trong nghién ctru nay, HCI 0,1 M dugc lya chon do
cho dap tmg cao ddi v6i ca NANA va NGNA trong pham vi diéu kién khao sat. Sau khi t6i wu héa, diéu kién
thity phan nay duoc st dung trong quy trinh va cho két qua thim dinh dap tmg cac yéu cau vé do dung, do
chinh xé4c va d6 nhay ctia phuong phap. Két qua nay phu hop véi cac nghién ciru cua Allen (2022) va Tebani
va cong sy (2011), trong d6 HCl loang dugc stt dung nhu mot diéu kién thich hop dé giai phong acid sialic tur
chc cau trac lién két [6, 8].

Mic du diéu kién nay cho hiéu qua thity phan ti uru nhat trong pham vi khéo sat va mau da dugc pha loang
nhiéu 1an dé nam trong khoang tuyén tinh ctia phuong phéap trude khi phan tich, qué trinh nay ciing dong thoi
dua thém ion CI- vao dich chiét, gdy ra nguy co nhidm bén thiét bi va thay déi hiéu suét ion hoa, anh hudng
dén d¢ nhay cua thiét bi MS. Do d6 khi 4p dung phuong phéap nay viéc danh gia anh hudng ciia hidu Gmg nén
1én thiét bi 1a bat budc dé dam bao d¢ tai lip ctia phép phan tich.

3.2.2. Nhiét dé thiy phdn

Nhiét d6 1a mét trong nhing yéu t& lam anh huéng t6i kha ning thiy phan chét phan tich. Nhiét d6 qué
thap thi co thé chua xay ra qua trinh thily phan. Nguoc lai, nhiét do qué cao c6 thé khién chat phan tich bi phan
huy. Vi vay, tién hanh khao sat cac nhiét do thuy phan khac nhau, véi néng do HCI duoc cd dinh 6 0,1 M va
thoi gian thuy phan 1a 1 gio, két qua dugc thé hién trong Hinh 4.

—
(=)

(9]

Ham luong
(mg/100g)
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53 6.24 6.37
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Hinh 4. Két qua khdo sat nhiét dg thity phdn

Trong qua trinh gia nhiét tir 60 dén 90°C, dong nang phan tir ting lam tang tdc do cat lién két glycosid cua
glycoprotein nén lugng acid sialic duoc giai phong ting dan. Tuy nhién, & 100°C, tin hiéu giam rd rét, ching
t6 tdc d6 phan huy acid sialic trong méi trudng acid da 16n hon tdc d6 giai phong. Didu ndy phan anh su can
bang giita hi¢u suat thiy phan va d¢ bén nhiét cia NANA, NGNA [2].
3.2.3. Thoi gian thuy phdn

Thoi gian thily phan ciing 12 yéu t6 anh huong dén lwong chét phén tich. Thoi gian qué ngan thi chat phan
tich chua duoc giai phong hoan toan. Nguoc lai, thoi gian qué dai s& ton thoi gian hodc gay ra su phan huy
chat phan tich. Vi vay, tién hanh khao sat thily phan mau ¢ cac thoi gian khac nhau, v6i nong d6 HCI duoc ¢b
dinh ¢ 0,1 M va nhiét do thuy phéan 1a 90°C, két qua khéo sat dwoc thé hién & Hinh 5.

15
o0~ 9.76
210 9.16 757
53 ‘ 6.59
g o
SE S 2.67 3:46 251 23
O . i m m
0.5 1 2 3
Thoi gian (gio) H NANA ENGNA

Hinh 5. Két qua khdo sdt thoi gian thity phén

Trong giai doan dau, viéc kéo dai thoi gian thuy phan lam ting hiéu qua giai phong acid sialic khoi
glycoprotein. Sau 1 gio, ham luong acid sialic dat gia tri cao nhat. Khi tiép tuc kéo dai thoi gian thity phan dén
2 — 3 gid, ham luong acid sialic giam, cho thay céc acid sialic tu do c6 thé bi phan huy hodc mat 6n dinh dudi
tac dong kéo dai cua mdi trudng acid va nhiét do [2, 6, 8].

Sau khi khéo sat cac diéu kién, quy trinh chuin bi mau cubi cuing dugc thuc hién nhu sau: Mau duge déng
nhét so bo trudc khi can trén can ky thuat 1 lwong chinh xac vao éng ly tim 50 mL: 0,5 — 1 g d6i v6i mau to
yén tinh ché, 1 — 5 g d6i véi nén mau san pham tir to yén. BS sung 45 mL dung mdi thity phan HC1 0,1 M,
vortex 30s. Thily phan bang bép diéu nhiét & 90°C trong 1 gid, lic dao déu mau 15 phat/1 1an, lam ngudi dén
nhiét d6 phong va ly tim téc d6 6000 vong/phut trong 3 phut. Lay phan dich, dinh mtc 50 mL bang nuéc. Loc
méu qua mang 0,2 um va pha loang dén nong d6 thich hop trudc khi phan tich bing LC-MS/MS.

3.3. Két qua xac dinh gia tri sir dung phwong phap

Mu tring, mau chudn va mau tring thém chuén dwoc chuin b va phan tich theo quy trinh di xay dung dé
danh gi4 d6 dac hiéu cia phuong phap. Dung dich chuin va miu tring thém chuén dwoc chuan bi véi NANA
va NGNA 6 ndng d6 250 ng/mL mdi chat. V& thoi gian luu, tai thdi gian luu cta chat phan tich, mau chuin va
mau thém chuan c6 do 1éch tr < 1%. Pong thoi, tai tr d6 trén sic ky dé mau tring khong xudt hién tin hiéu.
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Ngoai ra, s6 diém IP (thong s danh gia vé miat pho khéi) ciing dugce sir dung dé danh gia d6 dic higu cua
phuong phap phan tich. Theo két qua trong Béang 1, chat phan tich NANA va NGNA déu dat diém 5 khi theo
ddi duoc 1 manh me va 2 manh con tuong tmg cho 1 manh me ctia mdi chét, dp tmg yéu cu phan tich trén
khdi pho theo EU 2021/808 [10]. Diéu nay cho thiy phuong phap phan tich dap ung duoc yéu cau vé do dic
hiéu trong tham dinh phuong phéap (Hinh 6).

20250329_sample 12 MRMof 6 channels,ES+  20250329_sample 13 MRMof 6 channels,ES+  20250329_sample 15 MRM of 6 channels , ES+

svi 310.0466 >273.9153  mau chuan 1 NANA 310.0466 >273.9153 mauthemchuan1 NANA 310.0466 >273.9153
0.84 2.987e+002 3.83 1.669e+005 3.83 1.683e+005
95 275304 5 o 95 95
570489 579679773

% n %] %]

5 Fmin 5 ST T I Min -5 S e e e e min
20250329_sample 12 MRM of 6 channels, ES+  20250329_sample 13 MRMof 6 channels, ES+  20250329_sample 15 MRM of 6 channels , ES+
svi 310.0466 > 120.7972  mau chuan 1 NANA 310.0466 >120.7972  mau them chuan 1 NANA 310.0466 > 120.7972

4.96 6.01 6.668e+001 3.83 4.704e+004 3.83 4.748e+004

95 9.01 : 769 957] 957

% % %
-5 T min -5 TS e e min -5 e e min
2.00 4.00 6.00 2.00 4.00 6.00 2.00 4.00 6.00
(a) Mau trang (b) Dung dich chuan NANA (c) Mau trang thém chuan NANA
20250329_sample 12 MRM of 6 channels, ES+  20250329_sample 13 MRMof 6 channels, ES+  20250329_sample 15 MRM of 6 channels, , ES+
svi 326.174 >289.988 mau chuan 1 NGNA 326.174>289.988 mauthemchuan1 NGNA 326.174 > 289.988
0.84 276 452501 2.146e+002 3.79 2.540e+005 378 2.554e+005
95 957
6.66 ¢ 98
% %]
S5+ min S e min = min

20250329_sample 12 MRM of 6 channels, ES+  20250329_sample 13 MRMof 6 channels,ES+  20250329_sample 15 MRM of 6 channels, , ES+

svi 326.174 >308.078 mau chuan 1 NGNA 326.174 >308.078 mauthem chuan1 NGNA 326.174 > 308.078
0.01 3.77 6.035e+003 8.073e+004 8.074e+004
051 139 3.00 S 4as688 95 3.79 o5 3.78
% % %
-5 e min -5 min -5 e min
2.00 4.00 6.00 2.00 4.00 6.00 2.00 4.00 6.00
(d) Mau trang (e) Dung dich chuan NGNA (f) Mau trang thém chuan NGNA

Hinh 6. Két qua khao sat @ dic hiéu
Puodng chuan ciia NANA va NGNA duoc xiy dung trong khoang nong d 25 — 5000 ng/mL bang cach pha
loang truc tiép dung dich chuan trong ACN 50%. Pudng chuan biéu dién mdi twong quan giita dién tich pic
déap tmg va ndng dd chat phan tich. Bang 3 trinh bay chi tiét cac két qua vé& phuong trinh hdi quy, hé s hdi
quy va gia tri uéc tinh LOD — LOQ ctia phuong phéap. D9 chinh xac ctia phuong phap dugc danh gia thong qua
d6 1ap lai (RSD;) va do tai 1ap ndi bo (RSDg) trén mot sé nén mau (Bang 4), trong khi d6 dung thyc hién tai 3
mirc thém chuén 80, 100 va 120 ng/mL; két qua do thu hdi (H %) dugc trinh bay trong Béang 5.

Bdng 3. Két qua tham dinh khoang tuyén tinh, LOD va LOQ ciia cdc chat phan tich
Hé sb tuyén LOD LOQ

Chat phan  Phwong trinh hoi

tich quy D9 chéch (%) tinh (r) (mg/kg) (mg/kg)
NANA y =6,9752x + -12,13-+7,70 0,999 0,37 1,23 6,64
30,5295
NGNA y=9,8938x — -9,02 -+ 0,92 0,999 0,37 1,23 6,81
21,136

Phuong phéap dugc dénh gia anh huéng ctia nén mau thong qua thuc hién phén tich 1p lai 3 1an miu tring
thém chuén va dung dich chuin ¢6 ndng d6 50,0 ng/mL (twong tng véi LOQ). Gia tri anh huong nén (ME%)
d6i v6i nén t6 yén, yén chung va nudc yén thu dugc lan luot 1a 14 —2,98, 3,60, —1,66%, két qua nay nim trong
giéi han c6 thé chap nhan (+ 15%) va cho thdy duong chuan dung méi c6 thé duge st dung trogn qua trinh
dinh lugng phan tich mau [14].

Vietnam Journal of Food Control - vol. 9, no. 3, 2026




Nguyen Van Khoa, Nguyen Quang Hung, Mac Thi Thanh Hoaq, ... Cao Cong Khanh

Bing 4. Két qua danh gia d¢ chinh xdc

s o Két qua % o Két qua %

Nén mau Thong so NANA NGNA Thong so NANA NGNA
T yén 1,61 2,01 2,28 2,57
Yén chung RSD:% 1,81 2,01 RSDr% 2,47 3,54
Nudc yén 2,06 2,43 2,24 3,47

Bing 5. Két qua danh gia @ ding

Chéit phan tich M"’c(:ll;‘;glf;‘“a“ Ham l‘rgn‘:g /::g‘;“g binh P thu hdi (H%)

NANA 80 1,90 £ 0,07 92,06 — 103,24
100 2,66+ 0,28 95,73 - 104,38
120 2,86+ 0,23 86,03 — 106,80

NGNA 80 1,89 £ 0,55 85,73 - 103,75
100 2,20 0,35 95,60 — 109,14
120 2,91+0,13 90,56 — 103,73

Nhu vy, qua trinh thim dinh cho thay phuong phap da xay dung dat cic yéu cau vé xdy dung phuong phap
phan tich hoa Iy v&i 6 didc hidu cao, khoang tuyén tinh tot v6i gia tri r = 0,999. Dong thoi d6 dung va do chinh
xéac déu dap tng dugc yéu cAu ciia AOAC tai ting mirc ham lugng vai gia tri RSDr: 1,61 —2,43% va H: 85,73
—109,14%. LOD va LOQ cuia phuong phap 1an luot 13 0,37 mg/kg va 1,23 mg/kg duoc danh gid 1a tin cdy do
hé s6 R cho ca 2 chéat déu thudc khoang gia trit 4 — 10. Cac thong sé thim dinh déu dap ung yéu ciu cia AOAC,
khéng dinh phuong phap c6 d6 dac hiéu, dd nhay va do tin cay cao, phu hop dé phan tich déng thoi NANA va
NGNA trong t6 yén va cac san phdm té yén, phuc vu cong tac kiém nghiém va kiém soat chit lugng.

3.4. Xac dinh ham lwgng NANA, NGNA trong mdt s6 méu t6 yén va san phiam tir t§ yén

Phuong phap LC-MS/MS sau khi duogc tham dinh da duoc Gmg dung dé phan tich ham luong NANA,
NGNA trong mét sb mau t6 yén (dugc ma hoa TY) va san phdm tir to yén (dwoc ma hoaYC) dugc thu thap
trén thi truong. Tét ca cac mau duge phén tich trong hai lan lap lai va két qua dugc biéu thi dudi dang gia tri
trung binh. Mot s sac ky do trong Hinh 7 14 sic ky d6 phan tich cac mau t6 yén, yén chung, va nuéc yén thyuc
té. Két qua cu thé cua 20 mau thuc dugce trinh bay & Bang 6.

Két qua phén tich 20 mau t6 yén va san pham t6 yén cho thdy NANA dugc phat hién trong tt ca cac miu
t6 yén v6i ham luong tir 8,46 — 11,6 g/100 g, trong khi ham lwong NGNA < LOD phuong phap & trong céc
mau té yén. Két qua phan tich nay cho thdy su tuong dong vé mat ham lugng véi cac nghién ciru trude day,
trong d6 NANA duogc ghi nhan 1a dang acid sialic c6 thanh phan cha yéu trong to yén con NGNA thuong chi
xuét hién & ham luong rat thap [1, 11].

D6i vai cac san pham tir t6 yén, ham lugng NANA dao dong trong khoang 0,59 — 420 mg/100 g, cho thiy
su khac biét dang ké giira cac mau phan tich. Trong khi d6, NGNA chi dwoc phat hién ¢ hai mau YCO02 va
YCO5 v6i ham lugng rat thép, lan luot 13 0,20 mg/100 g va 0,16 mg/100 g (twong dwong khoang 2.0 va 1,6
mg/kg) cac mau con lai déu c6 ham hrorng nho hon gidi han phat hién cua phuong phap. Su khac biét vé ham
lwong NANA giita cac san pham c6 thé phan anh sy da dang vé ty 16 t6 yén str dung trong cong thirc, mirc do
pha lodng ciing nhu anh huéng cua qua trinh ché bién. Két qua nay phii hgp vi nghién ciru ciia Poon va Sze
[4], trong d6 NANA duoc xac dinh 1a dang acid sialic chii yéu trong cac san pham tir t6 yén.

T yén va cac san pham lién quan thuong phirc tap va chtra nhiéu glycoprotein, carbonhydrat, peptid va
cac hop chat phan cuc khac. Qua trinh xir Iy mau bang acid nham giai phong acid sialic ra khoi glycoprotein
cling ¢ thé 1am hoa tan hodc giai phong thém cac thanh phan khac vao dich chiét nhu cac acid amin. Cac tap
chat nay khi dong rira giai voi chat phan tich c6 thé 1am thay ddi hiéu suét ion hoa thong qua hién twong canh
tranh ion hoa. Trong nghién ctru hién tai, gia tri anh huong nén (% ME) di dugc xac dinh ddi vai t6 yén, yén
chung va nude yén, dao dong tir —3,60 dén —1,66%, cho thay hién twong canh tranh ion héa dugc kiém soat tai
mirc ndng d6 nghién ciru.
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20260504-sample 7
To yen_50ML_L50

MRM of 6 channels ,ES+
310.0466 > 273.9153

20260504-sample 16
Yenchung_50ML_L50

MRM of 6 channels ,ES+
310.0466 > 273.9153

2026025sample 20
nuoc yen_50ML_L1

MRM of 6 channels ,ES+
310.0466 > 273.9153
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Hinh 1. Sic ky do phan tich mau thiee ciia t6 yén (a); yén chung (b) va nude yén (c)

Bing 6. Két qua phan tich cac mau thuc

Ham lwgng tong

Ham lwgng NANA Ham lwgng NGNA sy
acid sialic

MAu t6 yén (/100 g)

1 TY 01 8,46 - 8,46

2 TY 02 8,79 - 8,79

3 TY 03 9,33 - 9,33

4 TY 04 10,4 - 10,4

5 TYO0S 10,6 - 10,6

6 TY 06 10,7 - 10,7

7 TY 07 11,0 - 11,0

8 TY 08 11,5 - 11,5

9 TY 09 11,6 - 11,6
Mau san phim t6 yén (mg/100 g)

10 YC 01 0,59 - 0,59

11 YC 02 1,49 0,20 1,69

12 YC 03 4,25 - 4,25

13 YC 04 15,0 - 15,0

14 YC 05 21,7 0,16 21,9
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Ham lwgng tong

Ham luwgng NANA Ham lwgng NGNA s e te
acid sialic

15 YC 06 48 4 - 48,4
16 YC 07 63,6 - 63,6
17 YC 08 116 - 116
18 YC 09 196 - 196
19 YC 10 313 - 313
20 YC 11 420 - 420

“_” Ham lwong chdt phdn tich nhé hon LOD

Giéi han dinh lugng ctia phuwong phap ddi voi ca NANA va NGNA 1a 1,23 mg/kg. Poi véi NANA, mau co
ham lugng thip nhat trong nghién ctru ciing dat khoang 5,9 mg/kg, cao gap khoang 4,8 lan LOQ. Déi véi
NGNA, hai mau duoc dinh luong c6 ham luong khoang 1,6 va 2,0 mg/kg, chi cao hon LOQ khoang 1,3 — 1,6
lan. Piéu nay cho thiy , cho thiy d¢ nhay ctia phwong phép dap tmg t6t yéu cau dinh lugng NANA trong cac
nén miu khao sat va c6 kha nang dinh lugng NGNA ¢ mirc ham lugng thip trong mot s6 san pham.

4. KET LUAN

Nghién ctru dd xay dung va thim dinh phuong phap LC-MS/MS dé dinh luong ddng thdi NANA va NGNA
trong t6 yén va cac san pham tir to yén. Két qua xac dinh gia tri str dung phuong phap cho thdy phuong phap
¢6 d6 dic hiéu cao, khoang tuyén tinh tir 25 — 5000 ng/mL véi hé sb twong quan r = 0,999. P lap lai (RSD;)
dat 1,61 — 2,43%, d6 thu hdi nim trong khoang 85,73 — 109,14%, dap tng yéu ciu cia AOAC. LOD va LOQ
lan luot 1 0,37 mg/kg va 1,23 mg/kg, cho thay phuong phap c6 kha nang phat hién va dinh luong NANA va
NGNA trong t6 yén va san pham tir to yén.

Phuong phap duoc ap dung dé phan tich 20 mau thyc té, gdm 9 mau 6 yén va 11 mau san pham tir t6 yén.
Két qua cho thly NANA 1a dang acid sialic chiém wu thé trong t6 yén ciing nhu cac san pham tir t6 yén, trong
khi NGNA chi duoc dinh lugng & hai mau san phdm va khong dugc phat hién (< LOD) trong cac mau con lai.
Su khac biét vé ham lugng NANA giita cac mau c6 thé lién quan dén ngudn nguyén liéu, thanh phan va dic
diém ché bién cua timg san pham.

Trong pham vi diéu kién da dugc khao sat va tham dinh, phuong phap LC-MS/MS dugc xiy dung trong
nghién ctru c6 thé sir dung trong kiém nghiém thuong quy dé dinh lwong acid sialic (NANA, NGNA), phuc vu
danh gia chat luong t6 yén va cac san pham tir t6 yén, dong thoi cung cép co s khoa hoc phuc vu danh gia
chat luong, xac thuc nguyén liéu va ting cudng kiém soat cac san pham t6 yén luu hanh trén thi truong.
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