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Tém tit. Dé tai nay thuc hién khao sat va tél uu hoa quy trinh phan tich ham luong tap chat acrylamide
c6 trong ca phé rang xay bang phuong phap sac ky long hiéu nang cao ghép khéi phd song song (HPLC-
MS/MS). Céc d1eu kién vé thiét bi, phd khdi, pha tinh, pha dong, va quy trinh tach chiét mau duoc khao
sat, Iya chon ti wu cho quy trinh phan tich acrylamide trong ca phé. Cot sic ky ZORBAX Eclipse C18 va
hé dung méi pha dong HCOOH/MeCN 0,1% FA duogc lya chon kém theo chwong trinh dung méi duoc t6i
uu héa cho quy trinh phén tich. Hon nita, cac diéu kién t6i wu vé quy trinh xtr Iy mau duge xac dinh nhu
dung méi chiét Ia EtOAc, nhiét d¢ trich Iy 1a 80°C, ¢t lam sach mau la SPE C18. Quy trinh phan tich duoc
ap dung phan tich 42 mau ca phé rang xay tai thi truong Thanh phb H6 Chi Minh, két qua cho thay 71,4%
s6 mau c6 chira acrylamide trong d6 28,6% s6 mau vugt ngudng cho phép theo quy dinh ctia Chau Au (400
Hg/kg). ﬂ

Tur khéa. HPLC-MS/MS, acrylamide, ca phé rang xay, an toan thuc pham.

1. GIOI THIEU

Ca phé 1a mot trong nhitng mit hang noéng san dugc tiéu thu nhidu nhét toan cau. Su gia ting nhu
ciu tiéu thu ca phé trén toan thé gidi phan 16n nho vao nhiing loi ich sirc khoe va huong vi dic trung, da
khién cho ca phé tré thanh mot phan khong thé thiéu trong doi sdng cua nhiéu nguoi. Hién nay, nguoi tiéu
dung c6 xu huéng wa chudng ca phé rang xay tai chd thay vi ca phé déng goéi hodc pha san vi huong vi phu
hop v6i s¢ thich ca nhan [1, 2]. Theo Vu Thi truong trong nude-Bo Cong Thuong, Viét Nam la nude Xudt
khau cha yéu vé ca phé nguyén lidu sang chau Au, véi ti trong kim ngach ciia ca phé rang va ca phé khu

caffein 16n tht hai, trong duong 17,3%. Déi véi thi trudng trong nude, théng ké tir ndm 2015 dén 2021,
luong tiéu thu ca phé binh quan dﬁu nguoi da ting tir 1,4 kg 18n 2,6 kg/ngudi/nam. Viét Nam 1a quéc gia
c6 mirc tang truong cao nhét trén thé gidi vé xuit khau ca phé. Clng véi sy ting truong nay, quy trinh ché
bién gay nén su 6 nhiém doc chét acrylamide (AA) trong cc san phim ca phé dang ngay cang dugc quan
tam [3, 4].

Acrylamide (AA), mot hop chat c6 kha niang trc ché than kinh va gy ung thu. AA lan dau tién
dugc phat hién trong ca phé vao thang 4 ndm 2002 boi cac nha khoa hoc Thuy Pién [5-8]. Pay 1a chit hinh
thanh ngoai mong mudn do qué trinh rang ca phé theo phan timg Maillard [9, 10]. Theo bao céo ctia EFSA
nam 2015, ham lugng acrylamide cao nhat dugc tim thay trong ca pheé hoa tan (1499 pg/kg), tiép dén la ca
phé hat (522 pg/kg). Cac nghlen ctru cia FAO va WHO ciing chi ra rang acrylamide c6 mit trong ca phé
va cac san pharn ca cao v6i mirc do tir 909 dén 4948 ng/ke [11, 12].

Tinh dén nay ¢ Viét Nam, chua c6 nhitng cong bd chinh thire vé mirc do 6 nhiém AA trong ca phé
trén thi truong. Vi vy viéc nghién ciru va danh gia ham lugng doc t6 nay 1a rit can thiét. Khao sat muc do
6 nhidm AA trong ca phé khong chi gitip dam bao an toan thuc phim ma con gop phan canh bao vé nhiing
nguy co tiém an trong quy trinh ché bién, tir 46 dam bao chat lwong san phim ddi v0i nguoi tiéu dung.
Phuong phap dinh lugng acrylamide lan dau duoc dé cap khi s dung ky thudt sic ky khi ghép kh01 pho
boi cac nha nghién ciru Thuy Dién. Phuong phap nay can tao dan xuit cho AA va da dugc cai tién qua
nhiéu nam. Tuy nhién, do dic thi nén miu ca phé twong 601 phirc tap din dén tinh 6n dinh hé thong cia
phuong phap nay bi anh huong. Hon nira, quy trinh xtr Iy mau ctia phuong phap nay yéu cau thém ky thuét
tao dan xut dé bay hoi cho chat cn phan tich. Hién nay, phuong phap sac ky long ghép khdi pho song
song (LC-MS/MS) dang tr¢ thanh lya chon thay thé t6t nho d6 6n dinh va Chlnh Xac cao cua phuong phap
ma khong can tao dan xuat cho acrylamide [13-16]. O Viét Nam hién nay van chua c6 nhiing khuyén nghi
chinh thirc Ve mot phuong phap chuan phan tich AA trong ca phé. Vi vay, trong dé tai nghién ciru nay
ching t6i tién hanh khao sat va tdi wu hoa cac diéu kién cta quy trinh phan tich va tmg dung khao sat mirc
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d6 6 nhidm doc chat AA trong ca phé bang HPLC-MS/MS. Két qua nghién clru ¢o thé gop phan trong viéc
tiéu chuan hoa phuong phap phan tich acrylamide, dat duoc sy cong nhan qudc té theo tiéu chuan ISO/IEC
17025. Két qua dé tai nay dong thoi cung cap dit liéu vé an toan thuc pham trong sir dung ca phé tai Thanh
phé H6 Chi Minh.

2. THUC NGHIEM

2.1 Héa chit va thiét bi

Dung dich acrylamide (> 99,3%), kém sulfat heptahydrat (> 98,6%) va kali hexacyanoferrat (II) trihydrat
dugc mua tir Sigma Aldrich (Singapore). Acrylamide-D3 (> 98,6%) dugc cung cip bai hing Toronto
Research Chemicals (Canada). Natri sulfat, acetonitril, methanol, acetone va acid formic (> 99%) dugc mua
tor Merck (Merck, Darmstadt, Puc). Cot SPE phan tan 2 ml (150 mg MgS04, 50 mg PSA, 50 mg GCB va
50 mg C18) P/N SBEQ-CA8642 dugc mua tir CNW Technologies (Trung Qudc). Bot chiét xuat Agilent
QUEChERS (4 g MgS04, 1 g NaCl) duoc mua tir Agilent Technologies (M§). Cac héa chat khac duoc sir
dung déu dat chuan phan tich.

Hé thong sic ky long duge sir dung cho dé tai 1a HPLC- Agilent 1200 Infinity (M¥), cot sic ky duoc st
dung 1a Zorbax Eclipse XDB C18 véi thong sb cot 150 mm x 4.6 mm x 3.5 um (M¥); Khdi pho ghép song
song dugc sir dung 1a MS-Agilent 6410 Triple Quad (Agilent Technologies, M¥), khdi phd sir dung ngudn
ion hoa la ESI+

2.2 Phwong phap xir Iy mau

200 g mau ca phé dugc xay nhuyén va dong nhat nham nang cao hiéu qua trich ly AA trong ca phé. Khdi
lwong mau can 14y dé xur Iy tuy thudc vao s6 luong phan tich va phai dai dién cho toan bd mau thir. Miu ca
phé trude khi xay va dong nhat can dugc trir lanh khoang 1 gid trong ti dong & - 20°C. Viée trit lanh miu
nham giup miu dam bao sy dong nhat va lam giam nguy co mat acrylamide khi xay. Quy trinh xir Iy mau
duoc thyc hién nhu trong Hinh 01.

Xay ddng nhét 200 g mau ca phé

Hoa tan 1g bot mau trong 10mL nude cat, thém noi chuin

Téch protein bang 1mL dung dich Ka[Fe(CN)s]-3Hz0 0.68M va ImL ZnSO4-7H:0 2M

Lam sach dich chiét bé‘mg cot C18

Chiét 1am sach bang 5g of QUEChERS

Dich chiét dwoc lam kho bang khi N, hoa tan bang methanol va phan tich bang LC-MS/MS

Hinh 01. Quy trinh xir Iy mau phan tich acrylamide trong ca phé

3. KET QUA VA BAN LUAN
3.1 Khio sat diéu kién khdi pho

Dung dich chuan AA va dung dich noi chuan Acrylamide-D3 (AAD3) dugc tiém tryc tiép vao dau do khdi
phd. K¥ thuat ion héa phun dién tir ché do dwong (ESI+) dugc str dung dé khao sat ion me, ion con cua
ting chit AA va AAD3. Diéu kién MS va két qua khao sat ion me cua AA va ndi chudn AAD3 thu duoc
nhu trinh bay tai Bang 01 va Bang 02.
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Bang 01. Thong sé hoat dong ctia dau do MS

Kiéu ion hoa ESI+
bién the mao quan 4000 V (+)
Nhiét do khi 350 °C
Toc do khi N2, 9 L/min
Ap suat nebulizer 35 psi
Thé cao tan 110-200 V (+)
Bang 02. Diéu kién ESI-MS/MS va thong sé manh tin hiéu
Chu ky biép ap ion ; < Nang luon
Ze Al nhan tin P ap Ion so cap lon thir cap g uong
Chat phéan tich . hoa (V) phan
hiéu (m/z) (m/z) )
manh(V)
(ms)
Acrylamide 100 60 72,1 55 9
Acrylamide 100 60 72,1 27 17
Acrylamide-D3 100 60 75,1 58 5

Trong qua trinh ion hoa bang ché d6 ESI+, AA duoc proton héa boi H* cung cép tir axit formic (FA) c6
trong pha dong tao ion so cap 1a [CH,=CH-CO-NH; + H]* tuong mg v&i m/z = 72,1. Tuong tu, chit noi
chuan AAD3 duoc proton hoa thanh ion so cap 1a [CD,=CD-CO-NH; + H]* twong tmg véi m/z = 75,1.
Khi phan méanh ion so cap [CH,=CH-CO-NH_ + H]* tao thanh ion thtr cip bén [CH,=CH-C=0]* ¢c6 m/z =
55 (72,1 > 55,0) vi tin hiéu 16n nhat ding dé dinh lugng va ion thtr cip khac 6 tin hiéu thdp hon ding dé
xac nhan c6 m/z = 27 (72,1 > 27). Tuong ty ddi véi AAD3, tir ion so cAp phan manh thanh ion thi cip
[CD,=CD-C=0]* véi m/z = 58 ¢6 tin hiéu cao nhit va ding dé dinh luong. Ca AA va AAD3 déu dap tng
vé sb luong IP = 4 vé do dic hiéu quy dinh d6i v6i phuong phap MS/MS dap tng theo 2002/65/EC.

3.2 Khio sat diéu kién sic ky
3.2.1 Khao sat va lwa chon pha tinh

Theo cac nghién ctru trude dy cot C18 duge st dung dé phan tich AA va AAD3. Pay 1 loai cot thuong
dugc sir dung trong cac phong thi nghiém phan tich cac chat phan cuc trung binh nhu AA va AAD3. Bé
chon loai ¢t ti wu, ching t6i tién hanh khao sat sic ky dd cua 3 loai cot gdbm cot Inert Sustaint C18,
ZORBAX Eclipse XDB C18 va ZORBAX SB C18 c6 thong s chiéu dai, duong kinh va kich thudc hat
nhdi 1an Iuot 12 150 mm x 4,6 mm x 4,6 um; 150 mm x 4,6 mm x 3,5 um; va 100 mm x 4,6 mm x 3,5 pm.
Séc ky dd thu dugc dbi véi chat chuin AA 500 pg/kg khi st dung cac cot khac nhau nhu Hinh 02.

1+ [BERTLAMIDE: <51 MRM Frag-0007 CID@30 (72 | - 55.) COT ECLISE_CS007PE_1d

’\ Cot Eclipse
\

Cot Inert

2

Hinh 02. Sic ky d trong phan tich AA véi ndng d6 chudn 500 pg/kg trén cac cot sic ky khac nhau
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So sanh vai hai loai cot con lai, cot ZORBAX Eclipse C18 cho dién tich peak cao nhét vai thoi gian luu la
4,9 phat. Thoi gian luu nay duoc xem la hop 1y cho quy trinh phan tich, vi vira tiet kiém dung mai, vira
dam bao du thoi gian dé tach chat phan tich khoi nén mau. Do vay, cot ZORBAX Eclipse C18 duoc lya
chon cho quy trinh phén tich AA.

3.2.2 Téi uu héa pha déng

Trong k§ thuat HPLC-MS/MS, pha dong anh huéng truc tiép dén qué trinh sic ky, dong thoi tac dong den
qua trinh jon hoa — tir d6 anh hudng den tin hi¢u khoi pho. Vi pha tinh C18 va céc chat phan tich (AA va
AAD3) d€u c6 do phan cuc trung binh, chung t6i da lya chon khao sat cac hé¢ dung madi thuong dung trong
qué trinh tach va ion hoa cac hop chat nay, bao gom: CH;COONH4/MeOH, CH;COONH4/MeCN,

HCOOH/MeOH (0,1% FA), va HCOOH/MeCN (0,1% FA). Két qua khao sét trén chat chuan 500 pg/kg
doi vai moi hé pha dong thu duogc két qua nhu trong Hinh 03.

CH3COONHs/MeCN

CH:COONHs+/MeOH

HCOOH/MeCN 0.1 % FA

| HCOOH/MeOH 0,1%FA

Hinh 03. Sic ky do trong phan tich AA vé&i ndng d6 chuan 500 pg/kg trén cac hé dung méi khac nhau

Dua trén séc ky dd va tin hiéu peak thu dugc, pha ddng HCOOH/MeOH (0,1% FA) cho tin hi¢u tdt nhat,
d6 rong chan peak nhé nhét va nhiéu nén thap — giup ting do nhay ciia phuong phap. Qua trinh ion héa ciia
AA duogc cai thién khi c6 sy hién dién cta ion H*, dugc cung cép tr cac tac nhan nhu HCOOH, CH:COOH
hoic CH;COONH.. Tuy nhién, acid formic 14 tac nhan pho bién nhat va c6 chi phi thip hon so véi cac chat
con lai. Dya trén cac két qua thu dugc va phan tich ¢ trén, chung t6i lya chon HCOOH/MeOH lam pha
dong cho quy trinh sic ky. Nong 46 HCOOH trong pha dong ciing dwoc khao sat dya trén tin hiéu ion thi
cép clia AA va AAD3, nhu trinh bay trong Hinh 04.
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Hinh 04. Tin hiéu phén tich AA va AADskhi thay d6i ndng d6 acid formic

Dua trén d6 nhay tin hi€u, quan sat cho théy tai néng d% 0,1% HCOOH trong hdn hop pha dong, dién tich
pic ciia ca AA va AAD3 dat gi tri cao nhat, vuot hon 50% so v6i cac nong do 0,2% va 0% (H,0). Hién
tugng nay co thé duoc giai thich thong qua co ché proton hoa trong qua trinh ion hoa. Khi nong d6 HCOOH
tang tir 0% dén 0,1%, luong ion H* trong pha dong tang 1én, thiic ddy su hinh thanh ion chinh [AA+H]* va
[AAD3+H]", tir 46 tang cudng tin hiéu cta cac ion phan méanh (ion thtt cp) phuc vu dinh luong. Tuy nhién,
khi ndng d6 HCOOH tiép tuc ting 1én 0,2%, luong acid du thira c6 thé gay ra hién twong canh tranh ion
hoa trong budng ion héa, lam giam tin hidu ciia cac ion muc tiéu. Vi vy, pha dong HCOOH/MeOH (0,1%
FA) duoc Iya chon 13 t6i wu cho quy trinh phan tich AA.

3.2.3 Chuong trinh dung moi

Tt hé pha dong da dugc lya chon, chung to6i tiép tuc khao sat cac chuong trinh gradient khac nhau nham
toi wu hoa qua trinh tach cac chat phan tich, cai thién tin hi¢u peak va rat ngan thoi gian phan tich. Ba
chuong trinh gradient duoc trinh bay trong Bang 03 da dugc lya chon dé tién hanh khao sat.

Bang 03. Thong sé khao sat chuong trinh dung méi & toc do dong 4,00 mL/phat

Thoi gian Gradient 1: % Gradient 2: % Gradient 3: %
(phat) MeOH MeOH MeOH
0.00 10,00 20,00 50,00
2,00 100,00 95,00 95,00
6,00 100,00 95,00 95,00
9,00 10,00 20,00 50,00
14,00 10,00 20,00 50,00

ACRYLAMIDE

Gradient 2

| |
‘ | Gradient 1
Gradient 3 \
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Hinh 05. Sic ky dd cia AA va AAD3 & ndng d6 ndng do 500 pg/kg véi cac gradient khac nhau

Dua trén cac sac ky do thu dwoc tir Hinh 05, tin hiéu ciia AA va AAD3  trong chuong trinh dung moéi thir 2
cao nhét, voi thoi gian luu tir 4-5 phit, khong qua dai va khong lam t6n nhiéu dung moi pha dong. Dong
thoi, chuong trinh dung méi thir 2 tao ra cac peak sic nét, han ché hién twong kéo dbi trong sic ky do, didu
nay gilp cai thién do chon loc cua phép phan tich. Bén canh thoi gian phan tich hop 1y, ti 1¢ MeOH trong
chuong trinh dung méi thir 2 con gitip tiét kiém dung méi hon so véi hai chuong trinh con lai, nhung van
dam bao do chon loc tdt d6i véi cac chat trong mau ca phé.

3.3 Khio sat quy trinh xir Iy miu

3.3.1 Dung méi chiét mau

Thyc hién dénh gia hi¢u suét thu hdi khi st dung cac dung moi chiét mau khac nhau 13 MeOH, EtOH,
EtOAc, MeCN. Doi voi moi dung moi thuc hién thi nghiém 1dp lai 3 1an cho két qua nhu sau:

100

o]
(=]
1

t thu hdi (%)
2

(0
7 40 -
=
@
T

20 4

EtOH EtOAc MeCN MeOH
Dung méi

Hinh 06: Anh huéng ciia dung mdi chiét dén higu suat thu hoi cta phuong phap

Hiéu suét thu héi duoc xac dinh ddi voi cac dung méi chiét mau cho thiy EtOAc c6 do thu hoi chat phan
tich tot nhat (93,91%) so vdi ba dung moi con lai. Riéng MeOH va EtOH c6 d6 thu hoi qua thap, do do
khong thé sir dung hai dung moéi nay cho qua trinh tach chiét AA trén nén mau ca phé.

3.3.2 Nhiét do chiét
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Nhiét d chiét c6 anh huong dang ké dén qua trinh tach chit phan tich khoi nén miu. Trong thi nghiém nay,

chung t6i tién he‘mh téqh chiét miu béng (’1ung moi EtOAc tai cac nhiét 3§ 25°C, 60°C, 70°C, 80°C, va
100°C. Hiéu suat thu hoi cua qua trinh chiét dugc trinh bay trong Hinh 05.

100
80 +
60 o

40

Hiéu suét thu hbi (%)

20 +

0 T T T T T T T T T 1
20 30 40 50 60 70 80 90 100 110

Nhiét dé (°C)

Hinh 07: Anh hudng ctia nhiét d chiét mau dén hiéu suat thu hdi cia phuong phap

Két qué cho thay hiéu suat thu hdi ting dan khi nhiét do tir 25°C dén 80°C. Hi¢u suét thu hoi ciia qud trinh
chiét dat gia tri cao nhat tai 80°C véi ty 1€ thu héi 1a 91,65%, sau do giénl khi‘ nhiét do tiép tuc tang 1én
100°C. Do d6, chiing t6i chon 80°C la nhiét d¢ t6i wu cho qua trinh chiét mau bang dung méi EtOAc.

3.4. Ung dung phwong phap trén phin tich miu thit

Phuong phép, sau khi duge t6i wu hoa céc~diéu kién vé xu ly mAu, thong sb t6i wu trong Sél,C ky va khéi
pho, da duogc ung dung dé phan tich 42 mau ca phé thuc té dugc luya chon tir thi truong. Két qua thu dugce
duoc tong hop va trinh bay trong Bang 07.

Bang 07. Két qua ap dung phuong phap phan tich trén mau that

Loai i phé Sb luong Mau phat | Khoang nong do Tilé mau Ti 1é mau vuot
i mau hién (Lg/kg) nhiém (%) muc? (%)
Avrabica 19 11 205,14 — 560,48 57,9 47,4
Robusta 23 19 50,99 — 430,57 82,6 8,7
Total 42 30 50,99 — 560,48 71,4 28,6

ANo6ng do cho phép toi da AA trong ca phé la 400 pg/kg.

Két qua khao sat cho thiy 71,4% tong sb mau ca phé 6 nhiém AA vé6i ndng d6 tir 50,99-560,48 ng/kg. Sb
mau vuot qua ngudng cho phép chiém 28,6%. bay 1a nhing con s6 dang bao dong dbi v6i ca phé rang xay
trén thi truong Thanh phé HO Chi Minh. Xét chi tiét hon véi timg chiing loai ca phé, ca phé Abrica co ty 1¢
0 nhlem AA thép hon so véi Robusta (57,9% so véi 82,6%). Tuy nhién, ty 1¢ mau vuot ngudng cho phep
lai rat déng lo ngai, chlem 47,4% so voi 8,7% cua Robusta. Két qua khao sat tir nghién ctru ndy cho thiy
mirc 9 dang quan tdm vé sy 6 nhiém doc chat AA trong ca phé trén thi trudong hién nay.

4. KET LUAN

Trong dé tai nay, ching t6i da thuc hién khao sat va tdi wu hoa cac thong s6 ciia phuong phap phan tich doc
t6 acrylamide trong ca phé bang HPLC-MS/MS. Céc diéu kién kh01 phd, pha tinh, pha dong va chuong
trinh dung méi dé dugc khao sat va lua chon dé dat duoc két qua sic ky d6 t6t nhét véi tin hiéu cao khi
phan tich. Cac diéu kién xt 1y mau ciling duoc xem xét va khao sat dé lua chon dung moi chiét va nhiét do
chiét t6i wru, gitip dat hidu suat thu hoi cao nhat trong qua trinh xir Iy mau. Phuong phap di dugc Gmg dung
dé phan tich acrylamide trong ca phé voi 42 mau thyc té. Két qua phén tich cho thdy 71,4% mau c6 chira
acrylamide, trong do6 28,6% mau vuot ngudng ti da cho phép. Két qua cua dé tai co thé dugce Gmg dung
trong kiém nghiém acrylamide, phuc vu cong tac vé sinh an toan thyuc pham ddi voi san pham ca phé.
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LOI CAM ON

Céc tac gia xin cam on Truong Dai hoc Cong nghiép Thanh ph H6 Chi Minh va Trung tdm dich vu Phan
tich thi nghiém Thanh pho Ho Chi Minh d3 hd tro tai chinh cho dé tai nay.
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OPTIMIZING PROTOCOL CONDITIONS FOR ANALYZING ACRYLAMIDE IN
COFFEE BY HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY-TANDEM
TRIPLE QUADRUPOLE MASS SPECTROMETRY (HPLC-MS/MS)

LE DINH VU ¥, NGUYEN THI BICH PHUONG?

! Institute of Environmental Science, Engineering and Management, Industrial University of Ho Chi Minh
City
3 Center of Analytical Services and Experimentation of HCM City
*Coressponding authors: ledinhvu@iuh.edu.vn
Abstract. This study investigated and optimized the protocol for analyzing acrylamide toxicity in
roasted coffee by liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). The
conditions of the equipment, mass spectrum, stationary phase, mobile phase, and sample
processing procedure were investigated, and the optimal choice for the analysis of acrylamide in
coffee samples was selected. The ZORBAX Eclipse C18 chromatographic column and the mobile
phase HCOOH/MeCN 0.1% FA were selected with the optimized solvent program for the analysis
process. Furthermore, the optimal conditions of the sample preparation protocol were evaluated
such as the extraction solvent was EtOAc, the extraction temperature was 80°C, the sample
cleanup column was SPE C18. The analytical protocol was then applied to analyze 42 roasted
coffee samples in Ho Chi Minh City. The results showed that 71.4% of the samples were positive
for acrylamide, of which 14.3% exceeded the maximum permission level according to European

regulations (400 pg/kg).
Keywords. HPLC-MS/MS, acrylamide, roasted coffee, food safety.
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