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Tom tit

Nghién ctru duoc tién hanh dé téi wu hoéa phuong phap sic ky trao doi ion hiéu nang cao
detector xung ampe (HPAEC-PAD) nham xac dinh ham lugng myo-inositol trong nén mau sira.
Mau dugc thuy phan bang HCl ¢ nhiét d 120°C trong 6 gio va duoc trung hoa dén pH 6,0 +7.5.
Myo-inositol dugc xac dinh bang HPAEC-PAD voi cac diéu kién: Cot Dionex CarboPacTM
MAT (4 x 250 mm), pha dong gom NaOH 50 mM - NaOH 1M véi chuong trinh gradient.
Phuong phap ¢6 d6 dac hiéu tot, dudng chuén trong khoang 0,01 - 20 mg/L v6i hé s6 tuyén tinh
R?2=10,9998, d6 thu hoi > 99,0 %, do lap lai véi RSD < 1,8 %. Gidi han phat hién (LOD) va giéi
han dinh hrong (LOQ) cua phuong phap lan luot 13 0,047 va 0,155 ng/ g. Phuong phap da dugc
ap dung dé xac dinh ham lugng myo-inositol trong 10 mau sita cho két qua dao dong khoang

22,5 + 64,7 mg/100g.

Tir khéa: myo-inositol, sic ky trao déi ion, HPEAC, PAD.
1. PAT VAN PE

Ngay nay, sita 1a san pham c6 gia tri dinh dudng quan trong, can thiét cho sy ting trudng
va phat trién cta tré so sinh va tré nho cling nhu loi ich duy tri sitc khoe & nguoi 1on. Sira 1a
ngudn dinh dudng tt cung cép vitamin, khoang chét va cac chit dinh dudng khac. Tiy vao timg
san pham danh cho nhiing d6i twong, 1tra tudi khac nhau thi s& bd sung thém mot sé chat dinh
dudng khac v6i ham luong khac nhau. Trong d6, myo-inositol ciing thuong duge bd sung trong
sita va thyc pham.

Myo-inositol dugc goi 13 vitamin B8 nhung ban chat khong phai 13 vitamin ma 1a mot loai
duong dong vai tro quan trong trong co thé nhu mot thanh phan chinh ctia mang té bao. N6 tac
dong dén hoat dong cta insulin - mdt hormon can thiét dé kiém soat luong duong trong mau.
Ngoai ra, myo-inositol con anh huong dén cac chét dan truyén trong nio nhu serotonin va dopa-
min [1]. Theo nhimg nghién ctru gan déy [2-3] myo-inositol ¢6 loi cho mot s0 bénh nhan bi rbi
loan, bao gom cac van dé strc khoe tAm than, rdi loan chuyén hoa, cai thién cac triéu chimg cua hoi
ching buong trang da nang (PCOS) [4-5]. Myo-inositol cling cho thdy hiéu qua diéu tri cho tré
sinh non mac hoi chimg hoé hap [6]. Cac dang myo-inositol bd sung trong thuc pham duoc sir dung
rong rai nhat bao gdm: inositol hexaphosphate (thuong duoc goi 1a "IP6") va hop chat myo-inosi-
tol. Viéc xac dinh ham luong chinh x4c clia myo-inositol dugc bd sung vao sita s& gop phan quan
1y chét lwong sita trén thi tru(‘mg cling nhu dam bao quyén lgi va strc khoe cho nguoi tiéu dung.

Cho dén nay, da co6 mot s nghién ctru trén thé gioi vé xac dinh ham lugng myo-inositol trong cac
nén mau nhu: sita, ddu, cac loai hat, cac loai ngil cdc.... bang phuong phap dién di mao quan (CE) [7],
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phuong phap sic ky khi (GC) [8], phuong phap sic ky 1ong hiéu nang cao (HPLC) [9-10].,... Tai
Viét Nam da c6 TCVN 11912 : 2017 vé phuong phap xac dinh ham lugng myo-inositol trong
thirc an cong thirc danh cho tré so sinh va thuc pham dinh dudng cho nguoi 16n bang sic ki long
va do ampe xung. AOAC ciing di ban hanh yéu cau hi¢u ning cua phuong phap chuan (SMPR
2011.007) x4c dinh ham lwong myo-inositol trong san phadm dinh dudng cong thirc danh cho tré
so sinh va san pham dinh dudng cong thire danh cho nguoi 160/ tré em véi khoang phan tich: tir
0,5 dén 68 mg/100g; gidi han phat hién: 0,175 mg/100g; gi6i han dinh luong: 0,5 mg/100g; do
1ap lai: RSD; < 5 %, do tai lap RSDy < 8 %; d6 thu hi tir 90 - 105 %. Nghién ctru duoc tién hanh
voi myc tiéu xdy dung dugce phuong phap xac dinh ham lugng myo-inositol tong s trong sira
bang phuong phap sac ky trao d6i ion hiéu ning cao detector xung ampe (HPAEC PAD) voi su
két hop cac uu diém cia cac phuong phap da duge cong b, quy trinh xir Iy mau don gian, do
nhay, d0 chon loc va d¢ chinh xac cao.

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

Chat chuan: myo-inositol (d6 tinh khiét > 99 %) tir Sigma-Adrich, My; cac hoa chat: natri
hydroxide, acid hydrochloric, kali hydroxide tir Merck, Puec.

Mau nghién ctru: mau sita bt khong chira myo-inositol (mau trang), 10 mau sira bot co
cong bo trén nhan san pham lay ngau nhién trén dia ban thanh phd Ha Noi.
2.2. Thiét bi

Hé théng séc ky trao d6i anion hiéu ning cao HPAEC (Dionex ICS-5000, Thermo Scientif-
ic, My) trang bi detector PAD; cot Dionex CarboPacTM MAT1 (4 x250 mm) va céc thiét bi phu
tro khéc cua phong thi nghiém.

2.3. Phwong phap nghién ciru
2.3.1. Phuong phdp xir 1y mau
Can chinh xac mau da df?ng nhat vao éng ly tam 50 mL, thém H:0, lic déu va thém dung
dich HCI, thuy phan trong ti say véi thoi gian va nhiét do can khao sat, trung hoa lai bang dung
dich KOH 1M, sau d6 gan dich chiét vao binh dinh mic 100 mL va dinh muc bang H-0 dén
vach. Dung dich dugc loc qua gidy loc qua mang loc 0,45 pm (pha loang néu can) trudce khi tiém
2.3.2. Piéu kién phan tich HPAEC-PAD
i¢u kién phéan tich myo-inositol bing HPAEC nhu sau: detector PAD, toc do dong: 0,4
mL/phut, thé tich tiém: 25 pL.
Thanh phan pha dong: Kénh A NaOH 50 mM va kénh B NaOH 1M véi ché do gradient, on
dinh ¢ 90 % A trong 5 phut, bat dau tu 50 % A giam xudng 35 % A trong 5 phut, giam tir 35 % A
xuodng 25 % A trong 5 phit, giam tir 25 % A xudéng 0% A trong 5 phut, gilr 6n dinh 0 % A trong
13 phut, tang ttr 0 % A dén 50 % A trong 2 phut. Tong thoi gian phan tich 1a 35 phat.
2.3.3. Tham dinh phirong phdp
B¢ dac hiéu/chon lgc: Thuc hién phan tich cac mau: dung dich chuén, miu tréng (mau thyc
khong chira chat phén tich), mau trang thém chuan va mau thyc trén hé thong HPAEC. So sanh
tin hi€u cua chat phan tich gitra cac mau.
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Gidi han phat hién (LOD): Chon méu thir c6 ndng do thap, trong khoang 5 - 7 1an LOD
wéc lwong. Phan tich 1ap lai 10 1an. Tinh SD. LOD =3 x SD

Gidi han dinh luong (LOQ): LOQ = 3,3 x LOD

Do 13p lai: Tién hanh thi nghiém lap lai it nhat 06 lan. Tinh d6 léch chuan twong d6i RSD
% ctia ham lugng chét phan tich.

Do thu hoi: Tién hanh thém chuan & 03 mirc d6 khac nhau trén nén mau phan tich. Lugng
chat chuan thém vao mau phai dam bao sao cho ndong d6 ctia chit can nghién ctru sau khi thém
chuén nam trong khoang di khao sat.

3. KET QUA VA BAN LUAN
3.1. T6i wu hoéa diéu kién sic ky

Do tinh dac hi¢u trong VleC phan tich duong, cot Dlonex CarboPacTM MA1 dugc lya chon
de tach myo-inositol trong nen mau. Dé dap ung ap suat lam viéc ctia cot va giam thoi gian phan
tich, toc do dong duoc dat ¢ dinh tai 0,4 mL/phuat. Tham khao mdt s6 tai litu [7, 10-11], cac
dung moi dugc lya chon khao sat gém: NaOH 240 mM ché do6 déng dong; NaOH 50 mM -
NaOH 1M voi chuong trinh gradient 1, 2 (Bang 1, 2).

Bdng 1. Chuong trinh gradient 1

Thoi gian Téc dp dong NaOH 50 mM NaOH IM
(phuy) (mL/phit) (%) (%)
-5,00 0,4 90 10
0,00 0,4 100 0
10,00 0,4 100 0
10,01 0,4 0 100
20,00 0,4 0 100
20,01 0,4 100 0
30,00 0,4 100 0

Bdng 2. Chuong trinh gradient 2

-5,00 0,4 90 10
-5,00 0,4 90 10
0,00 0,4 50 50
5,00 0,4 35 65
10,00 0,4 25 75
15,00 0,4 0 100
28,00 0,4 0 100
30,00 0,4 50 50
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Khi sir dung hé pha dong gdom NaOH 240 mM, ché d¢ dang dong, myo-inositol khong dugc
tach khoi cac pic tap trong nén mau. Vi hé pha dong gdbm NaOH 50 mM - NaOH 1M, chuong
trinh gradient 1, tin hiéu chét phan tich cao hon, tuy nhién, pic khong can d6i, 46 phan giai con
thap va chua tach hoan toan khéi pic nhiéu. Véi hé pha dong gébm NaOH 50 mM - NaOH 1M,
chuong trinh gradient 2, chit phan tich da tach khoi pic tap trong nén mau, cho pic nhon, can ddi,
tin hiéu chat phan tich cao hon, tin hiéu nhidu dudng nén rat thip. Vi vdy, trong nghién ctru nay
pha dong NaOH 50mM - NaOH 1M duoc sir dung véi chuong trinh gradient 2 1a diéu kién tdi
wu cho qué trinh tach sic ky. Sac ky dd phan tich mau sita chira myo-inositol tai diéu kién tbi wu
dugc thé hién trong Hinh 1.
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Hinh 1. Sic ky d6 mdu sita chita myo-inositol sir dung chirong trinh gradient 2
3.2. T6i wu hoéa diéu kién xir Iy méu
3.2.1. Khao sat ti lé HClaic) va H20
_ Khao sat trén nén mau sira bot ©6 chira myo-inositol tong sﬁ voi1 lugng can khoang 1 gam
mau stra bot. Sau do, su dung acid dé thiy phan cac dang lién két nhu dang myo-inositol hexa-

phosphat thanh myo-inositol tu do. Khao sat céc ti 1¢ HClw@ac) va H20 1a 1:10; 1:2; 1:1; 3:2. Két
qua thé hién ¢ trong Hinh 2.
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Hinh 2. Két qua khao sdt ti 1é dung méi thity phén
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Ham lugng clia myo-inositol khi str dung HCliaze) : H2O voi ti 18 1 : 1 va 3 : 2 déu cao hon.
Do do, ae giém thiéu viéc s dung HCI, ti 1¢ HCldc) : H20 1a 1:1 dugc lya chon dé thuc hién céc
khao sat ti€p theo.

3.2.2. Khdo sat thoi gian thity phdn mau

Thoi gian thily phan mau anh hudng dén ham luong ionositol thu duoc, néu thoi gian ngén,
qué trinh thiy phan chwa hoan toan, két qua chat phan tich thap, néu thoi gian dai, s& gy ton thoi
gian phan tich. Trén cing mot nén mau sira, tién hanh thity phan & cac mic thoi gian khac nhau:
3,4,5,6,7, 8 gio va danh gia ham lugng myo-inositol thu duoc. Két qua khao sat thé hién trong
Hinh 3.
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Hinh 3. Két qua khdo sdt anh hwéng cua thoi gian thiy phdn mdu

Két qua ¢ Hinh 3 cho thdy: ham luong chat phan tich & thoi gian thuy phan 6 gid cho két
qua cao nhat va c6 su thay doi khong dang ke sau 6 gio. Dé tiét kiém thoi gian ma van dam bao
hi€u qua, thot gian thuy phan 6 gio dugce lua chon cho cac khéo sat tiép theo.

3.2.3. Khdo sat nhiét dg thity phdn mau

Nhiét d6 anh huong dén téc d6 thuy phan cua cac chat. Khao sat anh huong cua nhiét do
¢ cac muc 90°C, 100°C, 110°C, 120°C, 130°C trong vong 6 gio su dung nén mau sira. Két qua
khao sat the hién trong Hinh 4.
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Hinh 4. Két qua khdo sdt anh hwéng ciia nhiét dg thity phdn mau
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Khi tang nhiét d thi ham lugng chat phan tich tang 1én, dat cao nhat & 120°C va khong c6
su thay do6i dang ké ¢ nhi¢t d6 cao hon. Do do, nhiét d§ thuy phan 120°C dugc lya chon trong
nghién clru nay.

3.2.4. Khao sat pH dung dich mau

Sau qua trinh thity phan, mau can dugc trung hoa trude khi tién hanh phan tich trén hé thong
HI?AEC-PAD. Khao sat pH khi trung hoa ¢ cac muc: 5,0; 6,0; 6,5; 7,0, 7,5; 8,0 va 9,0. K&t qua
thé hién trong Hinh 5.
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Hinh 5. Két qua khao sdt anh hwéng cia pH mau

Ham luong myo-inositol khi chinh d6 pH trong khoang 6,0 - 7,5 14 cao nhét va khong c6 su
khac nhau 1o rét nén khoang pH nay duoc lya chon lam di€u kién to1 uu.

Tir cac két qua khao sat trén, quy trinh xtr Iy mau duoc lya chon nhu sau: Can chinh xac
khoang 1 g mau di dong nhat vao éng ly tim 50 mL, thém 20 mL HCI : HzO (ti 18 1 : 1), lic déu,
thuy phén trong tu sdy ¢ 120°C trong 6 gid. Trung hoa mau dén pH 6,0 - 7,5 st dung KOH 1M.
Gan dich chiét vao binh dinh mirc 100 mL, trang ong 1y tam va dinh mirc den vach bang nudc
cat. Dung dich dugc loc qua gidy loc, rdi qua mang loc 0,45 pm (pha lodng néu can) trude khi
tiém vao hé thong HPAEC-PAD.

Khi xtr Iy mau myo-inositol lién két nhu phosphatidylinositol, TCVN 119212 : 2017 sir
dung bdn loai hoa chat: methanol, cloroform, acid metaphosphoric, NaCl va yéu cau budc 1am
sach qua cot SPE. Quy trinh ctia nghién ctru ndy sir dung it loai hoa chit hon va cac bude thyuc
hién don gian hon huéng dén hoa hoc xanh, bao vé méi truong ciing nhu chi phi st dung.

3.3.Thim dinh phwong phap

3.3.1. B¢ dac hiéu/chon loc
Do dac hi¢u cua phuong phap dugc danh gia thong qua viéc phan tich mau tring (miu sira
bot khong chira chat phan tich), dung dich chuén va mau trang thém chuan. Két qua chi ra mau

trapg khong cho tin hiéu chit phan tich, dung dich chuan va miu tring thém chuan cho tin hi¢u
chat phan tich tai cung tho1 gian luu (Hinh 6). Do d6, phuong phép c6 do dac hiéu tot.
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Hinh 6. Sic ky d6 mau chudn 5 mg/L (a), m~d~u trang (b), madu trang thém chudan 5 mg/L (c),
va mau thue (d)

3.3.2. Xay dung dwong chudn

Duong chuan duoc xay dung voi néng do thay ddi tr 0,01 - 20 mg/L va khao sat su phu
thudc cua tin hiéu vao nong dg. Sau do vé duong bicu dien sy phu thudc gitra dién tich pic vao
nong do. Két qua thu dugc ¢ Hinh 7.
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Hinh 7. Duong chuan giita dién tich pic va nong do cua chat chuan
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Két qua cho thay, dudng chudn 1 y = 12,683x + 0,3731 ¢6 hé s6 twong quan R = 0,9998
va cac két qua sai khéc (tinh trén hé thong phan mén Chromeleon 7 ctia thiét bi HPAEC) so véi
diém chuén 1y thuyét 1a: 0,21 - 0,70 % nam trong gidi han + 15% theo yéu cau ciia AOAC. Nhu
vay, duong chuén biéu dién su phu thudc tuyén tinh dién tich pic véi néng dd cua myo-inositol
khoang 0,01 - 20 mg/L 1a dat yéu cau.

3.3.3. Gioi han phat hién (LOD) va gioi han dinh luong (LOQ)

Phén tich 1ap lai 10 1an mau thyc c6 ham luong thap. Panh gia LOD da tinh duoc: tinh
R =xo / LOD. Néu 4 < R <10 thi néng do dung dich thir 14 phu hop va LOD tinh duoc dang tin
cdy. Két qua thu dugc gidi han phat hién (LOD) ctia phwong phap 14 0,047 mg/100g, R = 4,58
va gidi han dinh luong (LOQ) 1a 0,155 mg/100g. LOD, LOQ dép ung yéu cau cia SMPR
2011.007.
3.3.4. B¢ lap lai cua phwong phap

Do lap lai dugc khao sat trén nén mau sita bot co phat hién chét phan tich, thuc hién phan
tich lap lai 7 lan. Mau duoc can khoang 1 g, thé tich mau sau xir 1y 1a 100 mL, hé s pha lodng
1a 10 lan. Do lap lai cua phuong phap dugc danh gia thong qua do léch chuan tuong ddi
(RSDr %). Két qua thé hién ¢ Bang 3.

Bing 3. Bé lap lai ciia chat phan tich trén nén mau sita

st m Di¢n tich pic C Ham lugng B SD Rbo‘Dr
(mAu.s) (ug/mlL) (mg/g) (mglg)  (mglg) (%)

11,0022 6,43 0,479 0,478

21,0183 6,45 0,480 0,472

31,0484 6,54 0,487 0,465

41,0736 6,66 0,497 0,463 0,472 0,0066 1,4

5 11,0159 6,53 0,487 0,479

61,1432 7,27 0,545 0,477

71,0219 6,42 0,478 0,468

Tir két qua thu dugc ¢ Bang 3 va so sanh theo quy dinh cua SMPR 2011.007 cho thay
phuong phéap c6 do 1ap lai dat yéu cau cia AOAC khi phan tich myo-inositol trén nén mau sira
bot.

3.3.5. PG thu héi ciia phirong phdp

Do thu hoi ciia phuong phap dugce danh gia bang cach thém chuan vao nén miu sira bot
(nén mau sita bot di danh gia do lap lai ¢ trén) v6i 3 mic ham luong thém vao tai 50 %, 100 %,
200 % luong chét co trong mau, mdi mue thuc hién 6 1an. Két qua phan tich thyc nghiém duoc
thé hién trong Bang 4.
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Bing 4. DY thu hoi ciia chdt phan tich trén nén mau sita

Dién tich C Ham lwong  Lwong chuin Chudn thu

S i mAns) (ugml)  (mgl)  them (ugml)  hdi ugml) 0
11,0057 1022 0778 0773 0303 994
2 10122 1034 0787 0778 0310 102
31,0490 1055 0804  0.766 0305 0309 101
4 10514 1053 0802 0762 0306 100
51,0533 1049 0,799 0759 0302 99,0
6 1,0345 1047 0797 0770 0309 101
71,0499 1431 1100 105 0,605 99,0
8 1,0004 1406 108 108 0,609 997
0 10284 1425 109 107 0610 0611 100
10 1,0097 1412 108 1,07 0,609 997
1110148 1418 1,09 107 0611 100
1210291 1419 1,09 106 0,605 99,1
13 10648 2225 173 1.62 122 100
14 10309 22,05 171 166 122 100
15 10393 22,00 170 1,64 - 122 996
16 10333 22,07 171 166 122 100
17 10510 21,9 170 162 121 99,1
18 10217 2201 171 167 123 101

Két qua khao sat dugc trong Bang 4 so sanh v6i mic do yéu cau cia SMPR 2011.007
(90 - 105 %) cho thay phuong phap c6 do thu hoi dat yéu cau cia AOAC.

3.4. Panh gia ham lwong myo-inositol trong mdt s6 mau thue té

Ap dung quy trinh phan tich thu duoc & trén dé phan tich thyuc té myo-inositol trong 10 mau
stta bot thu thap trén thi truong. Theo quy trinh toi vu va thu duoc két qua trong Bang 5.
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Bing 5. Két qua ham lwong myo-inositol trong mét s6 mau sita luu hanh trén thi truong

. Ham luong Ham luwong
Tén mau phién tich cong bo Sai khac (%)
(mg/100g) (mg/100g)
Sita 1 28,9 30,0 3,50
Sita 2 32,7 33,0 0,85
Sita 3 22,5 25,0 9,99
Sira 4 27,4 30,0 8,62
Sira 5 61,7 66,0 6,55
Sira 6 43,5 40,0 -8,6
Sita 7 33,0 35,0 4
Sita 8 65,0 66,0 5,75
Sita 9 42,1 40,0 1,57
Sita 10 42,7 40,0 -5,2

Két qua thu duoc, cac mﬁy 6 ham luong myo-inositol thay d6i khac nhau nim trong khoang
(22,5 - 64,7 mg/100g). Cac mau phan tich déu cho két qua phu hgp védi nhan cong bo.

Theo nghién ctru [12], khi nguoi binh thuong sir dung myo-inositol qua 12 g/ngay c6 thé
gay ra tac dung phu nhu budn ndn, dy hoi, kho ngu, nhirc dau, chong mit va mét moi. Két qua
phan tich cac mau sira c6 ham lugng myo-inositol dao dong tir 22,5 - 64,7 mg/100g, dé dam bao
an toan mot nguoi binh thudng trong mot ngay khong sir dung qua 53,3 kg stra ¢6 ham luong
22,5 mg/100g va khong qua 18,5 kg sita ¢6 ham luong 64,7 mg/100g. Didu nay gan nhu khong
thé xay ra trong thuc té. Nhu vay, ham lugng myo-inositol phat hién trong mau déu an toan cho
nguoi su dung.

4. KET LUAN

Nghién ctru dé thanh cong trong viéc xac dinh ham lugng myo-inositol téng s trong sita
bang phuong phap sic sac ky trao doi i ion sur dung detector do Xung ampe (HPAEC-PAD). Quy
trinh quy trinh xir Iy mau myo-inositol tong s6 duoc tdi uu cho nén mau sira bot, phuong phap
cling da duoc tham dinh vé do dic hiéu, duong chuén, do 1ap lai, do chinh xac va gidi han phat
hién (trong d6 c6 do6 1ap lai, do thu hdi, gi61 han phat hién nho hon khi so sanh voi TCVN 11912
:2017 va AOAC SMPR 2011.007). Quy trinh da dugc ap dung dé xac dinh myo-inositol tong sd
trong 10 mAu sita bot luu hanh trén thi trudng cho két qua ham lwong myo-inositol tong sé déu
c6 sai khac dudi 10 % so véi nhin cong bd ctia san pham.
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Determination of myo-inositol content in milk by high
performance anion exchange chromatography with pulsed
amperometric detection (HPAEC-PAD)
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'National Institute for Food Control, Hanoi, Vietnam
2University of Science, Vietnam National University, Hanoi, Vietnam

Abstract

A method to determine inositol content in milk using high performance anion exchange
chromatography with pulsed amperometric detection (HPAEC-PAD) was developed and validat-
ed. Samples were hydrolyzed with 10 mL HCI in a vacuum oven at 120°C, prolonging 6h.
Hydrolyzed samples were neutralized to a pH from 6 to 7.5 before analysing in an HPAEC-PAD
system. The analytical program used Dionex CarboPacTM MA1 column (4 x 250 mm) with a
mobile phase of a gradient program including NaOH 50 mM and NaOH 1M. The method was
validated following AOAC guidelines: selectivity, linear range from 0,01 to 20 mg/L with a coef-
ficient (R) 0.9998, the recoveries in the range of 99 - 102 %, and repeatability with RSD under
1.8 %. The limit of detection (LOD) and the limit of quantification (LOQ) of inositol were 0.047
and 0.155 pg/g, respectively. The method has been applied to determine of inositol content in
milk samples with content ranging from 22.5 to 64.7 mg/100g.

Keywords: myo-inositol, high performance anion exchange chromatography, HPAEC, PAD.
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