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Tom tat

Nghién ctu nay phat trién phuong phap xac dinh dong thoi Nisin A va Nisin Z trong
cac san phdm dinh duéng bang LC-MS/MS. Céc chat phén tich dugc chiét siéu am ra khoi nén
mau bang hon hgp dung dich d¢ém CH,COONH, 0,1M - NaCl 1M (pH = 2)/MeOH (1/1, v/v)
& nhiét do phong trong 10 phut, dugc lam sach qua cot chiét pha ran SPE C ; (500 mg, 3 mL).
Dich chiét sau khi lam sach dugc téch bang sac ky long st dung cot C , (100 mm x 2 mm x 1,7
um), dinh lugng bang detector khéi phé véi ché do ESI (+). Thdm dinh phuong phap cho két
qua dudng chudn tuyén tinh trong khoang 5,00 - 1.000 ug/L; RSD 2,12 - 5,77%; d¢ thu hoi 80,1
- 105% phuong phap dat yéu cdu AOAC. Phuong phap da dugc ap dung d€ phéan tich 25 mau
thuc phdm dinh duéng thu thip trén thi trudng (bao gém: stia 1ong, stia bot, ba, phomat, bot
dinh dudng) cho két qua 02 mau phat hién dong thoi Nisin A va Nisin Z.

Tii khéa: LC-MS/MS, Nisin A, Nisin Z, thuc phdm, sdn phdm dinh dudng.

1. AT VAN PE

Cung v6i sy phat trién ctia cong nghiép thuc phdm, d€ tao ra nhiéu san phdm phu hgp véi
s& thich va khéu vi ctia nguoi tiéu ding ma van giti dugc chét lugng toan ven cta thuc phdm
cho dén khi st dung, trong qud trinh ché bién, nha san xudt da st dung cic nhom chat bao
quan dé€ ting gia tri thuong phdm va kéo dai thoi gian st dung ctia thuc phdm. Da s6 cac chét
bdo quan hién nay dugc téng hgp nhén tao da giy ra nhiéu tac dung phu khong mong mudn
do kho bi phan huy va dé lai du lugng trong thuic phdm. Céc nha nghién ctiu ciing nhu cdc nha
san xudt ngay cang ¢ xu hudéng sti dung cac chit bao quan c6 ngudn géc sinh hoc, tu nhién dé
dan thay thé chat bdo quan c6 ngudn goc hoa hoc, ma van dap ting dugc nhu cau tiéu dung cac
loai thuc phdm an toan, ddm bao chit lugng, kéo dai dugc thai gian st dung. Viéc st dung cac
chét khang khudn c6 ngudn goc sinh hoc nhu bacteriocin, dic biét la Nisin A va Nisin Z trong
bao quén, ché bién thuc phdm dang dugc quan tdm nhiéu. Ngoai khac phuc dugc nhiing nhugc
diém ctia phuong phap sti dung hoa chit, nhiét do, chiéu xa,... Nisin con c6 nhiéu uu diém khéac
nhu pham vi Ging dung réng, gidm thdi gian va nhiét do thanh trung ctia san phdm, dam bao
chit lugng, gia tri dinh dudng, cam quan vi sin phdm. Uy ban chuyén gia qudc té vé phu gia
thuc phdm (JECFA) dua ra mtic tiéu thu t8i da chdp nhan hang ngay (ADI) cta cac hgp chat
nay 1a 0,13 mg/kg thé trong/ngay. Tai Viét Nam, theo quy dinh tai thong tu 24/2019/TT-BYT
cta BO Y té [1], gi6i han t6i da ctia Nisin trong phomat, d6 uéng va do trang miéng tu stia la
12,5 mg/kg.
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Trén thé gidi da c6 mot s6 nghién ctiu dugc cong bo vé phuong phap xac dinh riéng ré
hodc dong thai Nisin A va Nisin Z bao gébm: phuong phap sinh hoc, sic ky 1ong hiéu néng cao
(HPLC) v6i detector UV-Vis [2]; dién di mao quan (CE) [3-4], sac ky long khéi phé (LC-MS/
MS) [5-8]. Phuong phap HPLC, CE hay sinh hoc thudng kha phtc tap va kém chinh xac do
anh hudng clia nén miu ciing nhu kich thuéc 16n ctia phan ti Nisin. O Viét Nam, tiéu chufn
TCVN 10137: 2013 (ISO/TS 27106:2009) dugc st dung dé xac dinh Nisin A [5], nhung chua
dé cap dén viéc xac dinh dong thoi Nisin Z. Ngoai ra, quy trinh xt ly mau theo TCVN 10137:
2013 phtic tap va ton nhiéu thai gian phan tich. Trong khi d6, do Nisin Z hoa tan tot hon so véi
Nisin A nén cac nha san xudt da stt dung két hop Nisin A va Nisin Z hodc riéng 1é tting chit dé
bao quén thuc phdm. Vi vdy, can c6 mét quy trinh t6i uu cé thé xac dinh dugc dong thoi Nisin
A va Nisin Z trong thuc phdm néi chung va cac san phidm dinh dudng noi riéng. Phuong phap
LC-MS/MS ¢6 uu diém nhu: phén tich nhanh, tiét kiém thoi gian va dung moéi, dé nhay cao va
nhan dién dugc dong thoi cac hgp chét cé tinh chat va cau tric tuong dong nhau nén da dugc
lya chon d€ xac dinh déng thai Nisin A va Nisin Z trong nghién ctiu nay.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén vat liéu

Céc hoa chit st dung trong nghién ctiu déu thudc loai tinh khiét phén tich dung cho sac
ky long khdi ph6 hai lan.

Céc chat chudn goém c6: Nisin A ti Sigma Aldrich (St. Louis, MO), Nisin Z tii Zhejiang
Silver-Elephant Bio-Engineering Co. Ltd. (Tian Tai, Zhejiang), cac hoa chat: acetonitril,
methanol, amoni acetate, isopropanol (IPA), acid trifluoroacetic (TFA) tii Merck.

Mau nghién ctiu: 25 mau san phdm dinh dudng gém stia long, stia bot, bo, phomai, bot
dinh dudng dugc 14y ngau nhién trén dia ban thanh ph6 Ha Noi.

2.2. Thiét bi

Hé thdng sac ky long khoi phd (LC-MS/MS) Waters Xevo TQ-XS; cot sac ky Waters
Acquity BEH C,; (100 x 2,1mm; 1,7 um) va cdc thiét bi phu trg khdc ctia phong thi nghiém.

2.3. Phuong phap nghién ctiu
2.3.1. Phuong phdp xii ly mau

Can chinh xac khoang 5 g mau da dong nhat vao 6ng falcon 50 mL, thém 30 mL dung dich
chiét: CH,COONH, 0,1M - NaCl 1M (pH = 2,0)/MeOH (1/1, v/v), lic xody trong 1 phut. Lic 10
phut trén may lac ngang, sau d6 rung siéu 4m trong vong 10 phut. Ly tdm lanh & 4°C véi t6c do
6.000 vong/phut trong 10 phut. Gan dich trong vao binh dinh mtic 50 mL, phan can dugc chiét
1dp thém 2 14n, méi 14n véi 10 mL dung dich dém chiét. Gop dich chiét vao vao binh dinh mitc
50 mL va dinh mtc dén vach. Dich chiét dugc loc qua gidy loc va lam sach st dung ct chiét pha
ran SPE C , rtia gidi bing 6 mL hon hgp IPA/TFA 0,1% (70/30, v/v), loc qua mang loc 0,22 um
va phan tich trén hé thong LC-MS/MS.

2.3.2. Diéu kién phan tich LC-MS/MS

biéu kién khoi phé: Ché d6 quan sat: MRM, ky thuét ion hoa: ESI (+), nhiét d6 budng ion héa:
300°C, téc do dong khi N_: 10 L/phut, dién 4p mao quan: 2.000 V (Negative), Nebulizer: 40 psi, khoang
ph6 khoi scan: 2 - 2048 m/z, thoi gian SCAN: 500 ms.
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Diéu kién sac ky long: Pha dong: kénh A: acid formic - nudc 0,1% va kénh B: acetonitril
v6i ché do gradient: 6n dinh & 90% A trong 1 phut, giam xudng 50% A va giti 6n dinh trong 2
phut, giam xuéng 20% A va giti 6n dinh trong 3 phut, ting dén 90% A va giii 6n dinh trong 2
phut. Téng thoi gian phan tich la 8 phut. Téc do dong 0,15 mL/phut.

3. KET QUA VA THAO LUAN
3.1. Lua chon diéu kién khoi pho

Céc thong s6 vé diéu kién khéi ph6 nham phan tich dong thoi Nisin A va Nisin Z dugc
toi uu hoa ty dong st dung phan mém cua thiét bi LC-MS/MS, két qua dugc trinh bay trong
Bang 1.

Bang 1. Cdc théng sé khoi pho phan tich dong thoi Nisin A va Nisin Z

Chdt phan  Khoi lugng Thoi gian Ion me Ion con Théion  Nang lugng va
tich phén ti luu (phit) (m/z) (m/z) héa (V) cham (eV)
788,9 46 14
Nisin A 3358,53 4,09 671,6
809,7* 46 14
738,9 40 14
Nisin Z 3335,91 4,10 667,0
805,3* 40 16

Ghi chu: manh (*) la manh dinh luvong

V6i ché d6 ion hoa phun dién ti ESI (+), hgp chét Nisin A va Nisin Z dugc ion hoa theo
co ché [M+5H]*". Trong qud trinh tach sac ky, hai hgp chét Nisin A va Nisin Z khéng hoan toan
tach biét dugc khoi nhau, tuy nhién ching c6 manh phé khéi khac nhau nén van nhan dién va
dinh lugng dugc chinh xac bang khéi phd.

3.2. T6i wu hoa diéu kién phan tich sac ky long
3.2.1. Khdo sdt nong do acid formic trong pha dong

Duia vao co ché phan manh ion va qua tham khao tai liéu [7-8] cho thdy, tin hi¢u ctia Nisin
A va Nisin Z bi anh hudng béi ndong d6 acid formic trong pha dong. Tién hanh khao sat thanh
phén pha dong bang viéc thay d6i ndng do acid formic véi cac gia tri: 0,0; 0,05; 0,1; 0,2; 0,3% dé
tang ndng do H* trong moi trudng. Két qua khao sat ndng do acid formic dugc thé hién 6 Hinh 1.
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Dién tich pic

Nong d9 acid formic

Hinh 1. Anh huong cia nong @6 acid formic
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Tu két qua khao sat & Hinh 1 cho thay, tin hiéu cac chét phén tich bi anh hudng kha nhiéu
bdi nong do acid formictrong pha dong. Khi nong do acid formic thap thi tin hiéu cac chit phan
tich thap va ngugc lai khi ndng do acid formic tang thi tin hiéu chét phan tich tang, tuy nhién
khi ndng d¢ acid formic ting qud cao dan dén hién tugng canh tranh ion lam tin hiéu chit phan
tich giam. Tin hiéu dat gia tri cao nhat khi nong d¢ acid formic la 0,1%. Do d6, nong do acid
formic 0,1% dudgc lya chon cho cac khao sat tiép theo.

3.2.2. Khdo sdt chuong trinh riia gidi gradient

Nisin A va Nisin Z c6 céu tric tuong tu nhau, trong khi d6, nén mau thuc phdm dinh
dudng phiic tap va c6 nhiéu yéu t6 gay anh hudng. Do d6, dé giam thiéu anh hudng cta nén
mau, ddm bao do nhay ctia cac chit phan tich, viéc st dung ché d0 rtra gidi ddng dong (isocractic)
la khong pht hgp. Qua tham khao tai liéu [5-8], d€ c6 thé viia tach dugc cac chit, viia tiét kiém
thoi gian phan tich va dung moi, chuong trinh rtia giai gradient dugc khao sat nhu trong Bang 2.

Badng 2. Khdo sdt chuong trinh riia gidi gradient

Chuongtrinh v . o xa 1 . Kénh A: 5 .
gradient Thdi gian (phut) Toc do dong (mL/phiit) acid formic 0,1% Kénh B: ACN

0-1 0,15 100 0
1,01-5 0,15 30 70

Gradient 1
5,01-8 0,15 80 20
8,01-10 0,15 100 0
0-2 0,15 90 10
Gradient 2 2,01-6 0,15 30 70
6,01 -10 0,15 90 10
0-1 0,15 90 10
1,01-3 0,15 50 50

Gradient 3
3,01-6 0,15 20 80
6,01-8 0,15 90 10

Két qua & Bang 2 cho thdy, trong ba ché d¢ rtia giai gradient dugc khao sat thi ché do rtia
giai 3 cho tin hiéu pic dep nhat, pic thu dugc khong bi tu, khong kéo duoi va tin hiéu pic cling
cao nhat (Hinh 2). Do dé, chuong trinh rta giai gradient 3 dugc lua chon cho cac nghién ctu
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Hinh 2. Két qud sac do khi sii dung chuong trinh riia gidi gradient 3
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3.3. T6i uu héa diéu kién xir Iy mau
3.3.1. Khdo sdat nong do dung dich dém chiét

Nong do dung dich dém chiét CH,COONH, - NaCl dugc khdo sit v6i cdc gid tri trong
cac khoang 0,05-0,5M, 0,1 - 1,0 M, 0,2 - 2,0 M va 0,4 - 4,0 M. Két qua thu dugc trong Hinh 3.

=== Nisin A
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Nong d¢ dung dich dém chiét CH,COONH -NaCl

Hinh 3. D thi dnh hudng ctia nong dé dung dich dém chiét mau

Két qua cho thdy, khi thay d6i cac khoang néng do tti 0,05 - 0,5 M dén 0,4 - 4,0 M, hiéu suit
thu hoi ctia cac chat phén tich tang dan va cao nhat tai nong do dung dich chiét 0,1 M - 1,0 M.
Tuy nhién, khi nd6ng d6 tang qua cao, hiéu sudt thu hoi cac chat giam xuéng do néng do cac ion
trong mau cao dan dén su canh tranh ctia cac ion khi di vao budng ion héa, lam giam tin hiéu
ctia chat phan tich va c6 thé gdy nhiém bdn budng ion héa, anh hudng dén hé théng UPL, giam
tudi tho ctia cot phén tich. Do d6 trong nghién ctiu nay, hé d¢ém CH,COONH, - NaCl néng do
0,1 - 1,0 M da dugc lua chon dé€ chiét chat phan tich ti nén mau.

3.3.2. Khdo sdt pH cuia dung moi chiét

O méi trusng pH khac nhau, trang thai ton tai cia cc Nisin 1a khéc nhau, do d6 sé anh
hudng dén viéc hoa tan cac chét phan tich trong mau. Dua vao tinh chat ctia Nisin va tham khao
tai liéu [7-9] cho thdy, khi pH clia mau & moi trudng acid manh thi sy hoa tan ctia Nisin A va
Nisin Z la tot nhat. Do dd, sau gia tri pH trong khoang tii 2,0 - 6,6 da dugc lua chon khao sat,
két qua thé hién trong Hinh 4.

=—f=Nisin A
~ == Nisin Z
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5 90 -
-
= 80 -
.|
= 70 -
E 60 -
w
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=40 . . . . .

20 25 30 40 50 66
Gia tri pH

Hinh 4. D6 thi khdo sdt dnh hudng ctia pH dung dich dém
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Két qua khao sat & Hinh 4 cho thiy, khi pH cang ting thi hiéu suat thu hdi cac chat phan
tich cang giam. O gia tri pH = 2,0 cho két qua hiéu suét thu hdi cta hai chét phén tich dat cao
nhéat, phtt hop véi tinh chat hoa tan tot va 6n dinh nhat trong méi truong acid nay. Do do, gié tri
pH = 2,0 dugc lya chon cho cac khao sat tiép theo.

3.3.3 Khdo sdt ty I¢ dung dich chiét

Thanh phan dung dich chiét CH,COONH, 0,1M - NaCl 1M (pH = 2)/MeOH ciing dugc
khao sat v6i ba ty 1é 1a: 2/1, 1/2, 1/1 nham thu dugc hiéu suét tét nhéat. Két qua khao sat dugc
thé hién trong Hinh 5.

B NISINA

100 - B NISINZ

iéu suat thu hoi
(%)
]

H

2/1 1/1 1/2
Gia trj ty 1¢ dung dich dém/MeOH

Hinh 5. Két qud khdo sdt dnh hudng cua ty 1é dung dich dém va MeOH

Két qua cho thdy, khi ting thé tich MeOH trong hé dém chiét, hiéu suét thu hoi ctia Nisin
Z giam dang ké. Trong khi d6, khi ting thé tich ctua dung dich dém thi hiéu suét thu hoi cua
ca Nisin A va Z déu giam manh. Hiéu suat thu hoi ctia hai chat dat cao nhat tai ty I¢ dung dich
chiét CH,COONH, 0,1M - NaCl IM (pH = 2)/MeOH la 1/1. Do dé, ti1¢ gitta dung dich dém va
MeOH (1/1, v/v) dugc lua chon cho cic nghién ctiu ti€p theo.

3.3.4. Khdo sdt qud trinh lam sach mau

Qua tham khao tai liéu [5-8, 10], ky thuat chiét pha ran (SPE) v6i cot C,, - (Sulpeco, 500
mg, 3 mL) dugc lya chon cho budc lam sach mau. Két qua khao sat cho théy, khi stt dung cot
SPE C , cho hiéu suit thu héi cao hon rét nhiéu so v6i khi khong st dung cét, dat 92,6 - 100,0%.
Do d6, cot SPE C , dugc lya chon cho buéc lam sach mau trong nghién ctiu nay.

3.4. Thdm dinh phuong phap

Do déc hiéu cta phuong phap dugc danh gid thong qua viéc phén tich mau trang, mau
chudn va mau thém chudn. Két qua chi ra miu tring khong cho tin hiéu chit phéan tich, mau
chuan va méu thém chuan cho tin hiéu chat phan tich tai cing thoi gian luu. Do d6, phuong
phap c6 d6 dic hiéu tot.

Trén co s& diéu kién phén tich t6i vu thu dugc, dudng chuén phén tich Nisin A va Nisin Z
da dugc thiét lap trong khoang nong do 5,00 - 1.000 pg/L. Két qua phuong trinh dudng chuén,
hé s6 tuong quan (R?), giéi han phat hién (MDL) va giéi han dinh lugng (MQL) ctia phuong
phap, do 1dp lai (RSD) va d6 thu héi (H) cua cac chét phén tich dugc trinh bay trong Bang 3.
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Bing 3. Két qua danh gid phirong phdp phan tich

Tén chdt Phuong trinh Hé¢ sé tuong ~ MDL MQL RSD H
Phdan tich duong chudn quan R>  (ug/kg/L)  (ug/kg/L) (%) (%)
. y = (-14831 + 13521) + 2,12 -
Nisin A 0,9996 5,5 18,2 80,1 - 105
(3251 + 31)x 3,52
. y = (-156558 + 117317) 2,65 -
Nisin Z 0,9997 4,9 16,4 89,9 - 105
+ (27920 + 270)x 5,77

Trong khoang nong d¢ tu 5,00 - 1.000 pg/L, ca Nisin A va Nisin Z déu cho hé s6 tuong
quan R* > 0,9995. Trong do, do chéch (bias) cho phép la nhé hon (£) 15% [11]. Nhu vay, cac
di€m chudn c6 d¢ chéch trong khodng tii - 3,15 dén + 7,26% < (£) 15%, gid tri P ctahéséa
va b < 0,05 cho thdy duong chudn, d¢ lap lai va do thu hoi déu dat theo yéu cdu cia AOAC [11].

3.5. Panh gia ham lugng Nisin A va Nisin Z trong mau thuc té
Két qua phan tich dong thdi ham lugng Nisin A va Nisin Z trong 25 mau thuc phdm dinh
dudng thu thap ngau nhién tai Ha Noi dugc thé hién trong Bang 4.
Bdng 4. Két qua phan tich dong thoi ham lugng Nisin A va Nisin Z trong
cdc mau thyc phdm dinh duéng

D6 tuigng S(‘): mﬁ’u S(‘)’I m&:l;l Ham lugng Nisin A Ham lugng Nisin Z
phén tich Phdt hién (ug/kg/L) (ug/kg/L)

Siia long 5 1 105,7 180,5

Sita bot 5 0 - -

Mau bo 5 1 92,35 95,74

Phomat 5 0 - -

Bét dinh dudng 5 0 - -

Ghi chu: (-): nhé hon gidi han phat hién cua phuong phap

Két qua phan tich 25 mau thuc phdm dinh dudng da phat hién 02 mau c6 chida chit phan
tich Nisin A va Nisin Z nhung déu ndm trong ngudng giéi han cho phép theo Quy dinh ctia Bo
Y té [1]. Cac mau khong phat hién chat phén tich déu cho hiéu suat thu hoi khi thém chuén &
cac muic noéng do 10 ug/L, 20 ug/L va 50 pg/L nam trong khoang 80,1 - 105%, minh ching hiéu
qua ctia phuong phap.

4. KET LUAN

Nghién ctiu da thanh cong trong viéc xac dinh ham lugng Nisin A va Nisin Z trong mau
thuc phdm dinh dudng bang phuong phap sac ki 1ong ghép ndi hai 14n khéi phé (LC-MS/MS).
Quy trinh phén tich dugc t6i uu cho nén mau thuc phdm dinh duéng c6 chia nhiéu thanh phan
gay anh hudng. Phuong phap phan tich cing da dugc thdm dinh vé d¢ dic hiéu, dudng chuén,
do 1ap lai, do chinh xdc va gi6i han phat hién. Két qua phan tich 25 mau thuc phdm dinh dudng
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da phat hién 02 mau c6 chtia dong thdi ham lugng Nisin A va Nisin Z v6i ham lugng nam trong
ngudng cho phép theo quy dinh ctia Bo Y té. Phuong phap cho thiy c6 hiéu qua cao trong viéc
xac dinh dong thoi Nisin A va Nisin Z trong mau thyc phdm dinh dudng, gép phan dam bao
chét lugng cac san phidm nay.
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Trdn Thi Huong, Lé Thi Thay, Vi Thi Trang. ... Lé Thi Hong Héo

Simultaneous determination of Nisin A and Nisin Z
in nutritional food hy liquid chromatography tandem
mass spectrometry (LC-MS/MS)

Tran Thi Huong'?, Le Thi Thuy?, Vu Thi Trang’, Nguyen Thi Anh Huong', Le Thi Hong Hao"?
"University of Science, Vietnam National University, Hanoi, Vietnam
“Disease Control Center, Nam Dinh, Vietnam

’National Institute for Food Control, Hanoi, Vietnam

A method for the simultaneous determination of Nisin A and Nisin Z in nutritional
products by LC-MS/MS has been developed. Sample treatment was performed by ultrasonic
extraction using a mixture of 0.1 M CH,COONH, buffer solution - 1.0 M NaCl (pH 2.0): MeOH
(1:1, v/v) at room temperature for 10 minutes. Extracts were then cleaned through C18 solid
phase extraction column (500 mg, 3 mL) and analyzed on LC-MS/MS instrument using a C18
column (100 mm X 2 mm x 1.7 um) with ESI (+) mode. The method was validated for linear
calibration curve in the range of 10 - 1,000 pg/L; relative standard deviation (RSD) 2.12 - 5.77%;
recovery 80.1 - 105%, meeting AOAC requirements. The method has been applied to analyze 25
samples of nutritious food collected from the local markets (including: liquid milk, powdered
milk, butter, cheese, nutritious powder), showing that two samples were detected both Nisin A
and Nisin Z.

Keywords: LC-MS/MS, Nisin A, Nisin Z, food, nutritional food.
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