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SUMMARY

SIMULTANEOUS DETERMINATION OF FORMIC ACID, ACETIC ACID,
PROPIONIC ACID AND BUTYRIC ACID BY CAPILLARY ELECTROPHOESIS
WITH CAPACITIVELY COUPLED CONTACTLESS CONDUCTIVITY
DETECTION (CE-C'D)

Capillary electrophoresis is an effective and simple method for rapid determination of organic
acids in different kind of samples, including food sample. Four organic acids, including Formic acid,
Acetic acid, Propionic acid and Butyric acid, were separated using fused-silica capillary of 50pum 1.D
and total length of 50cm. The separation voltage was -18 kV. The separation was performed in less
than six minutes with electrolyte solution consisting of 30mM L-histidine and 40mM Mes (2-(N-
morpholino) ethanesulfonic) (pH 5.8). Detection limits of 10°M and 2.10°M were achieved for Formic
acid and Acetic acid, Propionic acid, Butyric acid, respectively. The method was applied for the
determination of target acids in coffee, red wine and soft drink samples.

Keywords: Formic acid, Acetic acid, Propionic acid, Butyric acid, capillary electrophoresis
(CE), capacitively coupled contactless conductivity detection (C*D)
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1. MO PAU

Bon acid hitu co: acid Formic, acid Acetic, acid Propionic, acid Butyric c6 vai trd
quan trong trong cong nghiép ché bién thuc phim véi cc tac dung nhu chdng nim
mdc, giup e ché su phat trién cta vi sinh vat, kéo dai thoi gian st dung cta san pham.
Tuy nhién, khi str dung véi ham luong 16n, ching khong nhirng khong bao quan dugc
thue phidm ma con c6 thé anh huéng dén sire khoe nguoi tiéu dung [1, 2]. Do d6, viée
phan tich xac dinh ham luong cac acid nay trong mau thuc pham, d6 udng nham dénh
gi& va kiém soat chét luong thuc pham 1a can thiét.

Céc phuong phap thuong duoc sir dung dé xac dinh dong thoi cac acid hitu co nay
1a sic ky long hiéu ning cao (HPLC), sic ky khi (GC), sic ky trao d6i ion,... Trong
nghién ctru ndy, ching t61 gidi thiéu mdt phuong phap phan tich nhanh, don gian, hiéu
qua voi chi phi thip nham xac dinh dong thoi bon acid hitu co ndy trong mau thuc
pham, d6 1a phuong phap dién di mao quéan sir dung detector do dan khong tiép xtic két
ndi kiéu tu dién (CE-C*D) trén co s& hé thiét bi tw ché, ban tw dong.

2. POl TUONG VA PHUONG PHAP NGHIEN CUU

Céac hoa chat tinh khiét phan tich duoc st dung trong nghién ctru gom: acid
Formic, acid Acetic, acid Propionic va acid Butyric (Merck, Ptrc), L-Histidine (His) va
2- (N- morpholino) ethanesulfonic (Mes) (Fluka, Thuy si).

Trong nghién ctru nay, bon acid hitu co gém: acid Formic, acid Acetic, acid
Propionic va acid Butyric dugc xac dinh dé)ng thoi trong céc ddi tuong mau thuc phém,
d6 udng nhu: ca phé, rugu vang va nudc giai khat,.. bang phuong phap dién di mao
quan sir dung detector do din khong tiép xtic két ndi kiéu tu dién (CE- C4D).

Hinh 1. Hé thiét bj dién di mao quan CE-C*D tu ché, ban tu dong
(1: Hop thé an toan, 2: B diéu khién thé, 3: Cam bién do dé dan khéng tiép xiic (C*D),
4: Bo phan két néi ban tw dong, 5: Num diéu chinh, 6:
Bo phan diéu khién, 7: Binh khi nen)
Hé thiét bi CE-C'D tu ché, ban tw dong (Hinh 1) duoc thiét ké, ché tao tai Viét
Nam boi Cong ty cd phan 3SANALYSIS (http://www.3sanalysis.vn/) trén co so hop tac
vo1 nhom nghién ctru cia GS. Peter Hauser (Khoa Hoa, Truong Dai hoc Basel, Thuy
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S7). Cac thong tin vé dic diém ky thuat ctia hé thiét bi c6 thé tham khao trong cong bd
trudc day cua nhém nghién cuu [3].
3. KET QUA VA THAO LUAN
3.1. Nghién ciru, khao sat cac diéu kién t6i wu phan tich dong thoi acid Formic,
acid Acetic, acid Propionic va acid Butyric bing phwong phap CE- CcD

Viéc khéo sat cac diéu kién phéan tach dong thoi 4 acid duoc thuc hién trén thiét b
CE-C"D véi ¢ot mao quan c6 chidu dai 50 cm (chiéu dai hiéu dung 43 cm), duong kinh
trong 50 um, bom méu theo phwong phap thuy dong luc hoc kiéu xiphong. Cac didu
kién nay duogc gilt nguyén trong tat ca cac thi nghiém. Ngoai ra, cac thong sb lién quan
dén hiéu qua phén tach bang phuong phap CE-C*D nhu dung dich dém dién di (thanh
phan, pH va nong do), thé tach, chiéu cao va thoi gian bom mau ciing duge khao sat
nham dat duoc két qua toi uu nhat.
3.1.1. Khao sat dung dich dém dién di

Trong phuong phap CE-C’D thi thanh phan, pH va noéng do cua dung dich dém
dién di anh huong truc tiép dén kha ning tach cic chat trong qué trinh phan tich. Trén
co s& tham khao tai lidu [5] va thuc té khao sat cho thiy, khi sir dung hé dém dién di His
50 mM/Mes 50 mM (pH = 6,1) cho két qua phén tach cac acid nay kha tét. Do d6, hé
dém His/Mes duoc lua chon dé khéo sat, thay ddi ty 1€ néng do cac hop phén nham t6i
wu vé pH phu hop véi diéu kién thuc nghiém ¢ Viét Nam. C4c ti 1¢ ndong d6 dém tuong
tmg voi pH dugc khao sat gdm: His 30 mM/Mes 50 mM (pH = 5,6 ), His 30 mM/Mes
40 mM (pH = 5,8 ), va His 50 mM/Mes 40 mM (pH = 6,3 ). Cac diéu kién khao sat
gém: hon hop mau chuén co néng do cua acid Acetic la 6.10° M, acid Formic, acid
Propionic va acid Butyric c6 cting ndng d6 1a 5.10° M; thé tach 1a -18 kV, bom miu &
d6 cao 10 cm trong 20 s. Két qua khao sat duogc thé hién trong Hinh 2.

formic acetic  propionic butyric
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Hinh 2. Pién di dé khdo sdt sw anh huong cua dung dich dém dién di His/Mes dén su
phéan tach acid Formic, acid Acetic, acid Propionic va acid Butyric
1: His 30mM /Mes 50mM, 2: His 30mM /Mes 40mM, 3: His 50mM /Mes 40mM
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Két qua cho thiy & ca ba ti 1& khac nhau vé pH va ndng d6 cua ciu tir dém déu
cho kha ning tach tot cac chat phan tich. Tuy nhién, hé dém His 30 mM/Mes 40 mM
(pH =5,8 ) cho két qua dién tich pic cua cac chit phan tich va duong nén tbt nhit. Do
do, dung dich dém di¢én di His 30 mM/Mes 40 mM (pH =5,8) dugc lya chon cho cac
khao sat tiép theo.
3.1.2. Khdo sdt anh hwéng ciia thé tich

Trong phuong phap CE-C’D, thé tach 1a mot trong nhiing yéu t& quan trong, anh
huong tryc tiép dén sy di chuyén cua cac ion trong mao quan, quyét dinh dén kha ning
phan tach cta ching. Thé tach duoc khao sat ¢ cac gia trj -15 kV, -18 kV va -20 kV.
Céac diéu kién khao sat nhu muc 3.1.1 véi dung dich dém dién di 1a His 30 mM/Mes 40
mM (pH = 5,8 ). Két qua khao sat thé tach duoc thé hién ¢ Hinh 3.

formic acetic propionic butyric
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Hinh 3. Dién di d6 khao sdt sw dnh hwéng cia thé tach
Hinh 3 cho thay, khi 4p thé tir -15 dén -20 kV thi dién tich cac pic cta cac chat
phan tich hau nhu it thay d6i. Dya vao tin hiéu pic thu duoc, tong thoi gian phan tich va

tin hiéu nhiéu duong nén, thé tach 1a -18 kV duge chon cho cac khao sat tiép theo.

Ngoai dung dich dém dién di, thé tach thi chiéu cao va thoi gian bom mau ciing
duoc khao sat. Vi cac chiéu cao bom mau 10 cm, 15 ¢cm, 20 cm va thdi gian bom mau
12 10 s, 20 s, 25 s da khao sat, chung toi lua chon chiéu cao bom mau 1a 15 cm va thoi
gian bom mau 20 s 14 tot nhat.

Nhu vay, diéu kién t6i vu nhim phéan tach dong thoi bon acid hitu co bang
phuong phap CE-C*D gdm: mao quén silica c6 tdng chiéu dai 50 cm (chidu dai hiéu
dung 43 cm), dudng kinh trong 50 pm, bom méu bang phuong phap thuy dong luc hoc
kiéu xiphong & d cao 15 cm trong 20 s, dung dich dém dién di His 30 mM/Mes 40 mM
(pH =5,8), thé tach 1a -18 kV.

3.2. Panh gia phuwong phap phéan tich

Puong chuin phén tich bén acid di duoc thiét 1ap sir dung diéu kién phan tich t6i
wu, trong khoang ndng d6 0,5.10° = 10 M vd&i acid Formic, 0,6.10° + 8.10° M véi
Acetic, 0,6.10°+ 10™ M vdi hai acid Propionic va Butyric. Két qua phuong trinh duong
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chuan, hé s6 twong quan, giéi han phat hién (LOD) va gidi han dinh luong (LOQ) cua
cac acid dugc trinh bay trong Bang 1.
Bdng 1. Phuong trinh dwong chudn xdc dinh acid Formic, acid Acetic,
acid Propionic va acid Butyric

Hé $6
Tén chat Phuong trinh dudng chuin tuong quan LOD LOQ
R2 (M) (M)
Fﬁfr'rﬂc y = (10,165+6,532)+(61,798+1,1618)x | 0,99912 | 1.10° | 33.10°
/ﬁ;zlt?c y = (-0,525+2,982)+(31,493+0,672)x | 0,99909 | 2.10° | 6,7.10°
P Add y = (-5,079+6,114)+(61,634£1,096)x | 0,99921 | 2.10° | 6,7.10°
ropionic
Bﬁ@ﬂc y = (6,705+5,283)+(57,903+0,991)x 0,99927 | 2.10° | 6,7.10°

3.3. Phan tich mdt s6 miu thye té

Tién hanh phan tich 7 mau thyc té duoc mua ngﬁu nhién tai cac cura hang/si€u thi
0 Ha Noi gé)m nudc cam ¢p, nuoc C2, Rugu Contre-étiquette, Ruou Soliera
Tempranillo, Rugu vang Thang Long, Ca phé Vié¢t va Ca phé G7. Céac mau duoc xur ly
nhu sau:

MAu ca phé: Can chinh xac khoang 1g ca phé trén can phan tich, cho vao ong
falcon cuing 10 ml nuéc dé-ion, rung co hoc trong 5 phit réi rung siéu am trong 20 phuit.
Dung dich nay duoc loc qua mang loc 0,45 um va pha loang véi ti 1€ thich hop (pha
lodng 5 1an) trude khi thyc hién qué trinh phén tich trén thiét bi CE-C*D.

Mau nudc gidi khat va mau ruou duge loc qua mang loc 0,25 um, sau d6 pha
lodng vai ti 18 thich hop rdi tién hanh phan tich trén thiét bi CE-C*D.

3.3.1. Két qud phén tich ham lwong cdc acid trong mdu thuc té

Két qua phan tich ham lugng bdn acid trong cac mau thyc té bang phuong phap

thém tiéu chuan dugc néu trong Bang 2 va mét s6 dién di d6 minh hoa trong Hinh 4.
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Hinh 4. Dién di d6 xdc dinh cdc chat phan tich trong mau rwou,
ca phé va nwoc giai khat
1. Acid Formic 2. Acid Acetic 3. Acid Propionic
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Két qua phan tich khong phat hién acid Butyric trong tit ca cac mau, nhung phat
hién déng thoi 2 hoac 3 acid con lai trong hau hét cac mau. Ham lugng acid Formic va
acid Propionic déu nam trong giéi han cho phép ciia Bo Y té ddi v6i cac san phim
tuong tmg. Ham lugng acid Acetic trong mau nudc giai khat (cam ép va nuéc C2) vuot
qua ham luong cho phép, dbi v6i cac mau con lai thi ham luong acid Acetic ndm trong
gi6i han cho phép ciia BO Y té (1500 mg/I dbi véi nhin hang nude giai khat).

3.3.2. Két qud phén tich di chirng véi phwong phdp tiéu chuin HPLC

Dé kiém ching céac két qua phan tich bang phuong phap CE-C*D, 6 trong téng sb
7 mau phan tich da dugc phan tich tai Vién Kiém nghiém An toan V¢ sinh Thuc phém
Qudc gia, sir dung phwong phép tiéu chuin (Phuong phap Sic ki 1ong Hiéu ning cao -
HPLC). Két qua phan tich ddi chimg duoc thé hién trong Bang 2.

Badng 2. Két qua phan tich va két qud doi chitng véi phirong phdp HPLC

Ham lugng chét phan tich % Sai khac gitra 2
Miu thuc Phuong phap CE-C*'D Phuong phap HPLC phuong phap
u
' For | Acet | Propio | Butyr | Form | Aceti | Propio | Butyr | Form | Acet | Propio | Buty
mic | ic nic ic ic c nic ic ic ic nic ric
Cam ép (mg/l) - |6126| 249 - - | 6567 | 261 - - |6,72| 3,99 -
Nuée C2 (mg/l) - 1992 448 | - - 2387 473 | - - 166 521 | -
Ruou Contre-étiquette
uou Contre-¢lg _ |839| 471 | - | - |oog| 450 | - | - |750| 47 | -
(mg/1)
R Soli
ton SoTera - |w8s| 851 | - | - |1103| 875 | - | - |158| 272 | -

Tempranillo (mg/1)

Ruouvang Thang | 0 | g | 415 | -

Long (mg/l)
Ca phé Viét (mg/
755 | 126 | 405 - 771 | 132 | 412 - 1168|522 1,79 -
100g)
Ca phé G7 (mg /100q) | 744 | 232 | 949 - 859 | 211 | 992 - | 135 9;32 4,23 -

Nhu vay, cac két qua phan tich ham luong bon acid trong cac mau thuc té bang hai
phuong phap CE-C*D va HPLC 1a kha phu hop (sai s tir 1,58-16,8%), cho thiy phuong
phép CE-C*D ¢6 do dung, d6 chinh xéac, do tin cay tot.

4. KET LUAN

Nhu vy, chung t6i da nghién ctru, khao sat dugc cac diéu kién t6i wu xac dinh
dong thoi acid Formic, acid Acetic, acid Propionic va acid Butyric bang thiét bi dién di
mao quan (CE-C*D) tu ché, ban ty dong va ap dung qui trinh phan tich t6i uu dé xac
dinh ham luong cua cac acid dé trong mau ca phé, ruou vang va nudc giai khat. Tir d6
cho thiy, ddy 1a mot phuong phap hiéu qua dé xac dinh nhanh ham lugng céac acid nay
va con ¢ kha ning, trién vong mé rong vai cac dbi tuong chat phan tich khac trong céc
mau thyc pham, dd uéng nhd quy trinh phan tich don gian, thoi gian phan tich duoc
giam thiéu, thiét bj hoat dong don gian, chi phi thap.
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