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Tom tat

huong phap sic ky long ghép nbi khdi phd duge str dung dé dinh lugng dong thoi mot s6 dang

cua vitamin nhom B gdm: vitamin B1, vitamin B2, vitamin B3, vitamin B6 trong céc san pham
thuc phdm dinh dudng. Mau dugc thuy phan st dung hdn hop 3 loai enzyme (enzyme
papain, a-amylase dé thuy phan protenin va carbonhydrat phirc tap, enzyme phosphatase dé thuy
phan cac lién két phosphoryl) tai nhiét d6 37°C trong khoang 12-14h trong bé lic 6n nhiét. Viéc tach
cac vitamin dugc thuc hién trén cot sdc ky pha dao C18 (100mm % 2,1mm x1,7um) va tién cOt tuong
g, pha dong gébm dung dich amoni format 10mM va MeOH theo chuong trinh rira giai gradient.

Tbc @6 dong 0,15 ml/phit, detector khoi pho ché do ESI (+). Puong chuan dugc xay dung trong
khoang 0,2-2000 ng/mL véi hé sb twong quan (R?)> 0,998. Gidi han phat hién (LOD) va gidi han
dinh luong (LOQ) cua phuong phap tuong tng trong khoang tur 2,7-3,8 pug/100g va 9,1 - 12,6
1g/100g. Do thu hdi cua phuong phap trong khoang 80 - 110% véi do 1éch chuan twong Gng cua
do lap lai (RSD, %) trong khodng 2,61 - 4,69% va d¢ tai lap (RSDg %) trong khoang 3,40 - 9,69%.
Phuong phép c6 d6 nhay, d6 chon loc cao dugc tng dung dé phan tich mét sé nén mau thyc pham
dinh dudng.
Tir khéa: Vitamin, LC-MS/MS, san pham dinh dudng
I. PAT VAN DE

Vitamin nhém B 1a nhiing hop chét hitu co tan trong nudc, cé trong lugng phan tir bé, c6 hoat
tinh sinh hoc tham gia vao cac phan tmg enzyme, cac qué trinh trao ddi chat nhim chuyén hoa co
chit thanh nang hrong can thiét cho co thé. Trong thuc phém vitamin nhém B t6n tai ¢ ca dang tu
do va dang lién két phirc tap. Hon nira, co thé khong ty tong hop duoc ma phai thu nhan twr thirc an.
Nhu cau vitamin trong co thé thuong duge dam bao nhd ché d6 an udng can bang, khi co thé thiéu
hoac du thura Vltamln gy nén bénh 1y anh hudng dén stc khoe. Vi Vay, viée bd sung day da va can
dbi cac vitamin 1a can thiét. Do d6, bén canh viéc st dung cac san pham thuc pham thong thuong
ngudi tiéu dung dang c6 xu hudng tim dén cac san pham thyc pham bd sung giau vi chit dinh dudng
trong d6 ¢ cac vitamin nhom B. Viéc xdy dung phuong phap dé dinh luong chinh xéac céc thanh
phan nay trong thuc phdm néi chung va thuc pham dinh dudng noi riéng 1a can thiét nham danh gia
chat luvong cua san pham, giup cho ngudi tidu dung an tim khi sir dung va giup cho nha quan 1y c6
co so dé kiém soat chét lugng cua cac san phim nay.
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Co6 rat nhiéu cac phuong phap khic nhau duoc st dung dé dinh luong vitamin nhém B trong
thuc phdm [1-5, 7-10]. Tuy nhién, han ché cua cac phuong phéap 1a chi xac dinh duoc nhom
vitamin dang tu do hoac dinh lugng dugc ting vitamin don 1é ma khong xac dinh duoc déng thoi
tat ca cac dang khac nhau cia mdi vitamin. Quy trinh phan tich kha phuc tap doi hoi qua trinh dan
xuét trude hodc sau cot. Hon nita, trong cac nén mau thuc phém co chtra cac thanh phén vitamin
nhu (pyridoxal, pyridoxamin, acid nicotinic) ¢ ham luong thap nén viéc str dung k¥ thuat sic ky
long hiéu nang cao (HPLC) chua dap tmg duoc do nhay dé xac dinh cac chat nay.

V1 vdy, trong nghién ctru nay chung t6i tién hanh phan tich dong thoi cac dang khac nhau cua
mot s6 loai vitamin B1, B2, B3, B6 sir dung k¥ thuét sic ky 1ong khoi pho két hOp voi su dung hon
hop cic enzyme nhu: enzyme papain, a-amylase, acid phosphatase dé phéan cat cac lién két phic
tap trong nén mau dong thoi tién hanh thuy phan dong thoi ca chuin va mau phén tich két hop voi
stir dung céc ndi chuan dong vi va phan tich trén hé thdng sic ky 1ong khéi phd (LC-MS/MS). Do
d6 c6 thé tach va dinh luong duoc dong thoi tong cac dang khac nhau cua vitamin va loai bo duoc
cac yéu td anh huong dén qua trinh thuy phan. Phuong phap c¢6 d6 nhay, d6 chon loc va d6 tin cay
cao phu hop dé phén tich cac hoat chit c6 ham lugng thap.

I1. POI TUQNG VA PHUONG PHAP NGHIEN CUU

Chét chuén, hoa chat: Chat chuan Thiamin.HCI, Riboflavin, Nicotinamide, nicotinic acid, Pyri-
doxine hydrochloride, Pyridoxamine dihydrochloride, Pyridoxal hydrochloride (Sigma). Néi chuan:
13C4 -Thiamine chloride, *C4'*N»-Riboflavin, *H4-Nicotinamide, 2H4 -Nicotinic acid, 13C4 Pyridox-
ine, *Hz- Pyrldoxal *Hj3-Pyridoxamine (IsoSience). Cac loai hoa chat, thudc thir tinh khiét phan tich
va dat yéu cau cho phéan tich LC-MS/MS (amoni format, methanol, acid formic, acid acetic, enzyme
papain, a-amylase, phosphatase, ethylenediaminetetracetic acid disodium salt dihydrate (EDTA),
dikali hydrogen phosphat, acid metaphosphoric, acid orthophosphoric, KOH, chuan pH 4,7,10). Hon
hop enzyme (amylase, protease, acid phosphatase) duoc chuan bi nhu sau: Can chinh xac 200 £ 10
mg acid phosphatase, 80 + 5 mg enzyme a-amylase va 400 £ 10 mg enzyme papain. Thém 200ml
dung dich ammoni format. Khudy déu khoang 10 phuat trén méay khudy tir gia nhiét. Didu chinh pH
t6i 4,0 - 4,5 bang acid formic (khoang 100 pL).

Thiét bi: Hé thdng sic ky long khdi phd khbi phd LC/MS/MS Xevo TQD (Waters). Cot phan
tich Waters Acquity BEH C18 (2,1 x 100mmx 1,7 im va tién cot twong tng.

Déi twong phan tich: Mot sb mau thuc phdm dinh dudng (sita bot, sita dang 16ng, bot dinh dudng)
duoc thu thap ngau nhién trén dia ban Ha Noi.

Quy trinh xir Iy mdu:

Mau duge dong nhét k trude khi phan tich. i voi mau dang bot, can thuc hién hoan nguyén
mau nhu sau: can 10+£0,3g mau vao binh chira. Thém nudc cat dé duoc tong khdi lwong 100+2g.
Tién hanh khudy déu trén may khudy tir. Can chinh x4c khoang 0,25-1g mau 16ng hodc mau bot da
hoan nguyén vao éng ly tim 50 mL. Thém 100 pl ndi chuan hdn hop vao ca chuan lam viéc va mau
phan tich, lic déu. Thém tiép 5 mL hdn hop enzyme vao tit ca cac dung dich chuan 1am viéc va
mau. Pay ndp va lic vortex ngay lap tirc. Tién hanh 0 qua dém & 37°C trong may lic 6n nhiét.
Chuén va mau sau khi dugc thity phan duoc chuyén vao binh dinh mirc 25mL va dinh mirc toi vach
bﬁng dung dich ammoni format 50 mM, lic déu. Loc qua mang loc PTFE 0,45 um. Dich loc duoc
phan tich trén hé thing UPLC-MS/MS.

III. KET QUA VA BAN LUAN
3.1. Khio sat diéu Kién tiach va dinh lwong vitamin nhém B trén thiét bi LC-MS/MS

St dung ché d6 ion hoa phun dién tir ESI duong va tdi wu hoa ty dong didu kién phan manh trén
hé théng sdc ky long khdi phé Xevo TQD (Waters). Két qua tb1 wu diéu kién phan tich cac vitamin
nhom B duoc thé hién trong bang 1.
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Bing 1. Cdc théng s6 toi wu héa diéu kién phan manh trén UPLC-MS/MS

r , N-r < h ’
Chat phdan tich Ion me Ion con Thé ion hoa (V) ang lu’!;?og beanphd

Nicotinamide* 80 44 16
123

Nicotinamide 96 44 18

’H,-Nicotinamide* 84 44 18
127

’H4-Nicotinamide 100 44 18

Nicotinic Acid* 80 40 20
124

Nicotinic Acid 106 40 20

H4-Nicotinic Acid* 84 44 16
128

?H,-Nicotinic Acid 109 44 16

Pyridoxal 94 24 22
168

Pyridoxal* 150 24 12

?H;-Pyridoxal 97 22 24
171

’H;-Pyridoxal* 153 22 12

Pyridoxamine 134 24 20
169

Pyridoxamine* 152 24 12

?H;-Pyridoxamine 136 26 20
172

’H;-Pyridoxamine* 155 26 14

Pyridoxine* 134 30 20
170

Pyridoxine 152 30 13

C,-Pyridoxine* 138 28 20
174

BC,4-Pyridoxine 156 28 12

Thiamine 81 20 30
265

Thiamine* 122 24 34

BC,-Thiamine 81 24 28
. 269

C4-Thiamine* 122 22 16

Riboflavin 198 34 38
377

Riboflavin* 243 34 22

B¢y, "NyRiboflavin 175 44 38
383

B4, "NyRiboflavin* 249 44 23
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* Manh dinh luong

Trong LC/MS, pha dong khong chi c6 anh huéng dén kha ning rira giai va phan tach cac chét
phan tich ma né con anh huong téi qua trinh ion héa. Qua tham khao tai liéu [6], thanh phﬁn pha
dong duoc lya chon gém mudi amoni format va methanol. Két qua nghién ctru cho théy, tin hiéu
chat phan tich thu du’oc cao nhit khi sir dung nong do dem amoni format 5 mM va thay dbi khong
dang ké khi tang ndng d6 dén 10 mM. Tuy nhién, khi tlep tuc tang noéng d6 dung dlCh dém 1én
20 mM va 50 mM tin hiéu chit phan tich giam do khi ndng d6 mudi cao, 1am ting sb lugng ion di
vao budng ion cua detector MS do d6 lam canh tranh v6i ion chét phan tich, 1am giam tin hiéu cua
cac chat phan tich. Khi sir dung ndng d6 dém amoni format 5SmM tin hiéu chat phan tich cua
vitamin B2 va vitamin B6 (pyridoxamin, pyridoxal) bi dodng, pic bi ti, bi kéo dudi. Tai ndng do
10mM tét ca cac vitamin nhom B cho tin hiéu chét phan tich nhon, can dbi. Vi vay, chung t6i lya
chon nong d6 dém amoni format 1a 10 mM dé rtra giai cac chit phén tich, ndng d nay ciing phu
hop véi cac hé¢ LC/MS/MS.
3.2. Khao sat quy trinh chiét miu

Trong nén mau thuc phim néi chung va san pham dinh dudng néi riéng, cc vitamin ton tai &
ca dang tu do va cac dang lién két phtrc tap. Viéc sir dung phuong phap enzyme dé phan ct cac lién
két trong cdu tric cla cac vitamin dugc wu tién lya chon. Trong nghién ctru ndy, chung toi d st
dung hon hop 3 loai enzyme (enzyme amylase bén nhiét thuy phan tinh b6t va duong, enzyme pro-
tease thuy phan protein va enzyme phosphatase dé thuy phan cac lién két phosphat).

Két qua khao sat anh hu’ong ctia ndng d6 dung dich dém trong khoang 5-100 mM dén kha ning
hoat dong ctia enzyme dugc thé hién trong hinh 1.

Khi thay d6i ndng d6 dung dich amoni format, lugng chit phan tich thu dugc ting dan va cao
nhét tai ndng d6 50 mM. Tuy nhién, khi ndng d6 dém ting dén 100 mM, luong chat phan tich thu
dugc giam xudng c6 thé do sy canh tranh ion. Do

: do, nong do dém amoni format 50 mM duoc lua
2 L] o chon t6i wu.
S5 ‘ =¢—\/itamin B1 N an , ,. "
£ 3 N Nhiét do c6 anh hudng té1 hoat d6 cia enzyme,
£ == \Vitamin . cn, aA cnr A LA J4 ~ )
%E” 2 1 khi nhi¢t d§ cao hon nhiét do t61 vu, toc do phan
wo 1 Vitamin B3 , .y A A £ P
28 ] - S— I~ ung giam nhanh, trung tdm hoat dong mat di cau
w 2 0+ T T T T =3é=\/itamin B6 \ X \ A \ \ ;e
£ . o 0 s 100 hinh chuan va khong con phu hop dugce véi co
E A o1 A . \ /. , 5
- chat, do do6 lam mat vai tro xdc tadc cua enzyme.
No6ng do dung dich chiét (mM J4 cay aA K A ~ , ., A A 5
badi sty (mM) Néu nhiét do thap, téc do phan img cham, hiéu qua

Hinh 1. D6 thi khdo sat anh huong thity phan thap. Tham khao mot s tai lidu [1], [2],

nong do dung dich chiét mau [6], [7], tién hanh khao sat nhiét do thiy phan tai

cac muc: 35°C, 37°C, 40°C, 45°C, 50°C cho théy: Luong chét phan tich thu duoc tang Ién khi nhiét

d6 tir 35 dén 37°C va thay d6i khong déng ké khi nhiét d6 thuy phan tang 40°C. Tuy nhién, néu tiép

tuc tang nhiét do thuy phan dén 45-50°C, thi lugng chét phan tich thu duoc giam xudng. Vi vdy

nhiét d 37°C duoc lya chon do ham lugng cac chét phan tich thu dugc cao nhét. bay cling la nhiét
d6 toi vu dé enzyme hoat dong xuc tac cho qua trinh thuy phan mau.

Thoi gian thiy phan mau c6 anh huong dén kha ning tuong tac cta enzym véi co chat phan
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tich. Qua tham khao mét sé tai liéu [1], [2], [6],

[7] cg’xc khoang thoi gian duoc lya chgn dé khao g ° |

sat gom: 3h, 6h, Oh, 12h, 14h, 16h. Keét qua khao | & *

sat dugc chi ra trong hinh 2. f > I} —¢—Vitamin B1
Khi thay dbi thoi gian thity phan (3-12h) £ i | g TEVmmRE

lugng chat phan tich thu dugc ciing ting dan va | £ 5 L*.*-—x—ﬂ—k—k Viszmin B3

thay doi khong dang ké khi tiép tuc ting thdigian | € 3 ¢ o 15 14 16 —H=Vitanin B

thily phan dén 14h. Tuy nhién néu tiép tuc ting 3 Thivi gian thiry phn mu (h)

thoi glan thuy phén 16h, lu’ong chat phan tich thu

duoc bit ddu giam c6 thé do su phan hay cua Hinh 2. 6 thi khao sdt anh huéng cia

chét phan tich. Do do, thoi gian dugc lya chon thoi gian thity phén

dé thiry phan mau trong khoang 12-14h.
3.3. Panh gia phwong phap phén tich
3.3.1. Xay du’ng dwong chudn
DPuong chuin dugc xdy dung trong khoang 0,2-2000 ng/mL (tuy thudc vao timg vitamin). Két
qua phan tich trong bang 2 cho thiy hé s twong quan R? > 0,998, d6 chéch bias < (+)15%. Cac
thong s6 cua duodng chuan dat yéu cau.
Bing 2. Phirong trinh dwong chudn cia cdc vitamin

T Chit Dphdn tich Phwong trinh dwong chuéin Hg fé’;‘:{j}gquuan Dy Ch(’e;/fj Bis
1 Thiamin y=1,19585x +0,752474 0,999282 -5,6 +5,7
2 | Riboflavin y=0,93746 x +4,66988 0,998967 -6,3 +7,2
3 Niacinamide y=1,82501x +6,58545 0,999463 -39+54
4 | Acid nicotinic y=1,17805x +0,959455 0,998424 -3,9 +5,5
5 | Pyridoxin y=1,63385x +0,520011 0,999170 -4,2 +5,0
6 | Pyridoxal y=3,19964x +0,38554 0,999194 -3,6 +4,0
7 | Pyridoxamin y=12,122 x +0,75241 0,999385 -2,6 +4,9

3.3.2. Gidi han phat hién (LOD), gioi han dinh luong (LOQ)

Trén nén mau thuc pham dinh dudng c6 ham luong chat phan tich thap, tién hanh phan tich lap
lai 10 1an.LOD va LOQ duoc tinh thong qua gia tri SD cho két qua twong mg trong khoang 2,7-3.8
ng/100g va 9,1 -12,6 ng/100g.

3.3.3. B¢ lap lai, do tai lap va do dung cua phwong phdp

Do lap lai cua phu’ong phéap du’oc danh gia bémg cach phan tich lap lai 6 1an cac nén mau thuc
pham dinh dudng (miu dang bot, mau dang 16ng, mau bot dinh duong) tlnh d6 léch chuan RSDr%
va do tai 1ap dugc danh gia bang cach phan tich lip lai 4 1an véi cac nén miu trén, tinh d6 1éch chudn
RSDR%

b dung cua phu’orng phap duoc xac dinh thong qua do thu hoi. Trén cac nén mau thue phdm
dinh dudng trén, tién hanh thém chuan & 3 mirc khac nhau, tinh d6 thu hoi R%
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Két qua phan tich dugc thé hién trong bang 3.
Bing 3. Két qua phan tich d¢ lap lai, do tdi ldp, do thu hoi ciia phwrong phdp

Tén Vitamin Théng sé khdo sdt Miu sita bjt Sia dang long Bot dinh duong
RSD,% 4,79 3,24 4,27
Vitamin B1 RSDy% 5,79 5,71 5,09
R% 85,8-105 80,1-105 82,1-103
RSD,% 4,50 4,68 4,47
Vitamin B2 RSDy% 7,19 9,66 7,10
R% 88,6-106 90,6-102 90,0-107
RSD,% 3,35 2,61 3,20
Vitamin B3 RSDx% 4,70 5,09 3,40
R% 89,9-105 85,0-107 83,4-95,2
RSD,% 3,92 4,04 4,79
Vitamin B6 RSDy% 4,49 9,69 4,81
R% 84,6-106 93,5-105 90,6-103

3.4. Danh gia phwong phap phan tich trong mot s6 mau thue té
Trén co s¢ danh gia phuong phap dat yéu cau cia AOAC, ching t6i ing dung phuong phap
dé phén tich mau 15 mau thuc pham dinh dudng thu thap trén thi truong Ha Noi. Két qua duoc
chi ra trong Bang 4.
Bing 4. Két qua phén tich mét s6 mau thiee pham dinh dudng

Tén Vitamin Théng s khdo sdt Mau sita bjt Sita dang long Bot dinh dwong
RSD% 4,79 3,24 4,27
Vitamin B1 RSDr% 5,79 5,71 5,09
R% 85,8-105 80,1-105 82,1-103
RSD% 4,50 4,68 4,47
Vitamin B2 RSDr% 7,19 9,66 7,10
R% 88,6-106 90,6-102 90,0-107
RSD% 3,35 2,61 3,20
Vitamin B3 RSDr% 4,70 5,09 3,40
R% 89,9-105 85,0-107 83,4-95,2
RSD:% 3,92 4,04 4,79
Vitamin B6 RSDr% 4,49 9,69 4,81
R% 84,6-106 93,5-105 90,6-103

Két qua cho thdy ham lugng vitamin trong cdc mau thuc pham dinh dudng dao dong trong
khoang: 0,025 - 1,1 mg/100g dbi v6i vitamin B1, 0,09-2 mg/100g déi voi vitamin B2,
0,35-10 mg/100g 601 v6i vitamin B3, 0,08-0,87 mg/lOOg d6i vai vitamin B6. Két qua phan t1ch
phu hop véi cong bd trén nhan san pham va c6 thé xac dinh duoc cac dang khac nhau cua cac
vitamin ¢ ham lugng thap.
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4. Két luan

Str dung phuong phéap sic ky long khoi pho hai lan LC MS/MS két hop véi xir Iy mau bang
phu’ong phéap enzyme va s dung n01 chudn dong vi Va tlen hanh phan tich dong thoi ca chuan va
mau phan tich dé loai bo cac yéu té anh hudng trong nén mau phan tich. Cac két qua thim dinh cho
thdy phuong phap do lap lai, do tai lap, d6 thu hdi déu dat yéu cau cia AOAC. Quy trinh dugc g
dung dé phan tich 15 miu thuc pham dinh dudng (sira bot, sira dang 16ng, bot dinh dudng). Phuong
phép c6 do nhay, do chinh x4c cao.
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Summary
SIMULTANEOUS DETERMINATION SOME OF B GROUP VITAMINS IN
NUTRITIONAL PRODUCTS BY LIQUID CHROMATOGRAPHY TAMDEM MASS
SPECTROMETRY FOLLOWING ENZYMATIC HYDROLYSIS

Le Thi Thuy', Vu Thi Trang', Tran Hoang Giang', Tran Mai Van’, Le Thi Hong Hao'

'National Institute for Food Control

’HaNoi Medical University

Liquid chromatography tandem mass spectrometry (LC-MS/MS) method was developed for
the simultaneous qualification of relevant forms of B group vitamins including vitamin B1, B2,
B3 and B6 in nutritional products. Samples are hydrolyzed by enzymatic digestion at 37°C in the
shaking water bath within approximately 12 to 14 hours. Papain and a-amylase enzymes were
used to hydrolize the protein and complex carbohydrate. Acid phosphatase was used to cut
phosphoryl links to form free vitamin forms. The separation was achieved on a C18 column
(100mmx2.1mmx1.7um). Analytes were eluted with the mobile phase of 10 mM ammonium
formate and methanol by gradient program at a flow rate of 0.15 mL/min. The calibration curves
ranged from 0.2 to 2000 ng/mL with the correlation coefficients > 0.998. Limits of detection and
quantification of method ranged from 2.7 to 3.8 ng/100g and 9.1 - 12.6 ng/100g, respectively.
The method was validated at three different concentrations with the recovery of 80 - 110%, relative
standard deviation of repeatability, RSDr %, of 2.61 - 4.69%, and intermediate reproducibility,
RSDR% of 3.40 - 9.69%. The method was applied to simultaneously determine the four water
soluble vitamins in several of nutritional products.

Keywords: Vitamin, LC-MS/MS, nutritional products
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