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SUMMARY

DEVELOPMENT OF ACRYLAMIDE ANALYSIS METHODS IN TEA IN VIETNAM
AND OPTIMIZATION OF GREEN TEA ROASTING PROCESS USING RESPONSE
SURFACE METHODOLOGY

Residues of Acrylamide (AA) in green tea and tea products were determined using liquid
chromatography-tandem mass spectrometry to study their formation during green tea roasting process.
Acrylamide (AA) has been found in various teas. This study was focussed on optimizing the roasting
conditions using Central Composite Design (CCD) to produce superior quality tea products with low
concentration of acrylamide. The roasting conditions used were temperatures in the range of of 120°C
to 200°C and time ranging from 15 min to 40 min. Roasting conditions signifcantly (p<0.005) affect the
concentration of AA in tea. Hence, the optimized roasting conditions were able to produce high quality
tea products.

Keywords: Acrylamide, tea, LC — MS/MS, solid-phase extraction.

1. MO PAU sinh trong qua trinh ché bién nhu Acrylamide.
C6 rét nhiéu loai d6 udng khac nhau,va tra co Acrylamide 13 mot chat doc than kinh va 1a
thé noi 1a thirc udng lau doi nhat cua thé gidi mot trong nhimg chat co kha ning giy bénh
chi sau nude. Khong chi vai huong vi, mui vi ung thu. N6 dugc hinh thanh qua phan Gng
hap dan ma tra con mang dam ban sic vin hoa Maillard, mot phan Gng rat phd bién xay ra hau
trong doi séng. Cling mot ciy tra nhung voi nhu khép noi trong thuc pham, dic biét 1a khi
phuong thic ché bién khac nhau, trong o ché bién & nhiét d6 cao nhu rang, nudng,
nhiing viing mién khac nhau s& cho nhiing loai chién, ran.

tra khac nhau. Trong tra c6 chtra nhiéu cac chat Acrylamide duogc hinh thanh trong qua trinh
¢6 hoat tinh sinh hoc cao nhu polyphenol, gia nhiét thong qua phan ung Maillard [1%!!)
catechin [Y. Trong nhing thap ky qua loi ich tir gilta cac duong khir va asparagine ['»12], Céac
tra da dugc chimg minh rat nhiéu nhu chéng yéu t6 nhu ndéng d6 ban dau cua tién chit, ty 18
ung thu, tim mach, cac bénh thoai hoéa than clia chiing va cac diéu kién phan tng (thoi gian
kinh va mét sb bénh khac 231, Ciing chinh vi gia nhiét, nhiét d6, 46 am trong nguyén liéu
thé, ma da xudt hién nhidu cong trinh nghién tho, pH, cac chat phu gia,...) dugc chimg minh
ctiru 9 v& tra, dic biét 1a cac chit doc phat ¢6 anh huong dén mirc do acrylamide tim thy
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trong thyc phdm ché bién nhiét. Hon nita,
lugng Acrylamide dugc hinh thanh khong chi
phu thudc vao loai thuc ph'f\m ma con phu
thudc vao diéu kién bao quan nhu nhiét do,
thoi gian lwu trlr cia nguyén liéu tho, phuong
thirc canh tac, tinh chat dit va thoi gian thu
hoach. Vi vy, mot trong cac yéu té quan trong
dé giam ham luong acrylamide trong thuc
pham ché bién nhiét 1a wc ché phan tmg
Maillard va chuén bj nguyén liéu thé sao cho
chung chtra ham luong tién chat Acrylamide
thap nhét c6 thé.

Qua trinh ché bién tra thanh pham tir che
nguyén liéu 1a mot trong nhimg qua trinh ché
bién sir dung nhiét. Quy trinh ché bién 1a mot
trong nhimg yéu t6 chinh quyét dinh huong vi
va chét lugng tra thanh pham. That khong may
Acrylamide 13 mét trong nhiing chat doc duoc
phat hién co6 mat trong rat nhiéu loai tra thanh
phim ¢ nhiéu nudc trén thé gisi. Cu thé, tai
Nhat Ban ham lugng Acrylamide trong nhiéu
loai tra khac nhau d3a duoc bao cao bdi Bo
Nong nghiép, Lam nghiép va Thiy sdn Nhat
Ban, theo nghién ctru cua tac gia Mizukami va
cac cong sy, ham luong Acrylamide trong tra
xanh rang sao (roasted green tea) dugc tim
thiy & mirc cao nhat tir 190-1880 pg/kg, trong
ché xanh nguyén liéu thip hon nhiéu so véi tra
xanh rang sao (thdp hon 100 pg/kg), trong tra
den va tra 6 long & mirc nhé hon 100 pg/kg,
khéng phat hién thay 14 trong miu tra tring 13,
Tai Trung Qudc tac gia Liu va cac cong su [
da phéan tich ham luong Acrylamide trong 30
mau tra bao gém tra xanh, tra 6 long, tra den,
tra tring, tra vang va tra Pu-erh. Két qua cho
thy mirc Acrylamide trong tt ca cac mau déu
nho hon 100 pg/kg, trong do6 bdn loai tra den,
tra 6 long, tra tring va tra vang ndng do
Acrylamide kha thap (< 20 pg/kg).

O Viét Nam cling da@ co6 mot ) cong trinh
nghién ciru vé sy xudt hién ciia Acrylamide
trong thuc pham, nhung cha yéu 1a trong cac
thuc phim giau tinh bot. Chinh vi thé ma trong
nghién ctru nay, ching t6i di tién hanh phat
trién phuong phap phan tich ham lwong
Acrylamide trong tra thanh pham tai Viét Nam
va tdi uu hoa qua cac diéu kién vé thoi gian va
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nhiét do trong budc sao che, 1a hai yéu té quan
trong anh huong dén ham luong cac chit
Acrylamide sinh ra trong qua trinh ché bién.

2. THUC NGHIEM

2.1. Héa chit va thiét bi

+ Héa chit va dung méi: Chit chuin
Acrylamide va chat noi chuan'>Cs-Acrylamide
(13C3-AA), cac dung mdi axit fomic, metanol,
axetonitrin, va héa chit magie sunfat, natri
clorua, ciia hiang Merck véi do tinh khiét
99.5%.

+ Thiét bi: May sac ky long khéi pho hai lan
(LC - MS/MS) dung phan tich cho Acrylamide
cta hang Thermo cho Acrylamide, ¢t sic ky
C18 (100 mm x 2.1 mm, 1.7 pm, Waters,
Ireland). Cot sic ky C18 (100 mm x 2.1 mm,
1.7 pm, Waters, Ireland).

2.2. Thu thip miu

Cac miu tra thanh pham phd bién trén thi
truong Viét Nam dugc thu thap dé phat trién
phuong phap phén tich va danh gia muc do
nhiém Acrylamide trong miu tra thanh pham.
Céc mau tra thanh pham phd bién 1a tra xanh
(10 mau), tra den (5 mau), tra 6 long (7 mau).
Bup ché xanh nguyén li¢u dung trong thi
nghiém nghién ctru cac yéu t6 anh huong dén
mirc d¢ hinh thanh Acrylamide trong san phim
tra thanh pham sir dung mé hinh bé mat dap
ung RSM duoc thu mua tai vuon ché & Thai
Nguyén. Rira qua, dé rdo nudc va bit dau cho
che¢ vao sao & cac giai doan nhiét do va thoi
gian khac nhau. Nhiét d6 dugc khao sat & cac
mirc 100°C, 120°C, 200°C va thoi gian sao ché
la :15 phut, 25 phut, 45 phut. Sao ché duogc
thyc hién bang ngudn nhiét 1a bép dién.

2.3. Xir Iy miu

Phuong phép xtr Iy miu Acrylamide dugc phat
trién dua trén phuong phap cia Liu va Chen
(51, Quy trinh  xur 1y mau sau khi da duoc ti
wu nhu sau: Mau dugc tron déu bing may
vortex voi toc do 1500 rpm & 25°C trong 20
phut; thém 10 mL axetonitrin, 4 g magie sunfat
khan va 0.5 g mudi NaCl vao ong li tim. Mau
dugc vortex trong 3 phut sau do6 ly tim véi toc
d6 9000 rpm trong 10 phit. Luu mau & nhiét
d6 4°C trong vong 15 phuat, dich chiét duoc
tach thanh 3 16p: 16p axetonitrin c¢6 chira



Acrylamide niam phia trén, nén mau nam &
giita, phia dudi 14 16p mudi va cin ran. Chuyén
9 mL acetonitrin vao binh dinh mirc 50 mL va
dung UPW dinh mirc dén vach. Sau khi dinh
muc, dung dich dugc 1am sach béng ot chiét
pha ran Oasis MCX SPE cartridge. 50 mL
dung dich dugc tai qua cdt SPE sau khi dugc
hoat héa l1an luot bang 2 mL MeOH va 2 mL
UPW. Acrylamide dugc luu gitt trén cot SPE,
rira giai bang 3 mL MeOH va sau d6 théi kho
bang khi N,. Hoa tan bang 1 mL UPW, loc qua
mang 0.22 pm dé dem phan tich.
2.4. Thiét ké thi nghi¢m t6i wu héa cho qua
trinh rang sao ché nguyén liéu
Céc yéu té anh huong dén mirc d6 hinh thanh
Acrylamide trong qua trinh sao ché nguyén
liéu chu yéu 1a nhiét d6 va thoi gian. Phuong
phap mit dap tng (RSM) 1a mét trong nhiing
phuong phap dung dé danh gia mot cach tong
quat sy anh hudng cua cac yéu td doc lap dén
mot muc tiéu nao d6. Trong nghién curu nay,
thiét ké thi nghiém c¢6 tim CCD duoc sir dung
dé danh gia su tac dong 2 yéu té d6 1a nhiét do
(X)), thoi gian (X,) dén viéc tao ra cac hop
chat acrylamide (Y) trong qua trinh sao 14 ché
xanh. Cac bién X;, X, dugc bb tri thi nghiém &
ba mirc -1, 0, 1 gia tri thyc nghiém twong Gng
dugc chi ra & bang 1. Phan mém MODDE 12.1
dugc st dung dé thiét ké ma tran thi nghiém,
tinh toan cac gia tri héi quy va phan tich
phuong sai. Ma tran thuc nghiém duogc lap lai
2 lan, sb thi nghiém can thyc hién 1a 22. Quy
hoach thi nghiém va két qua thyc nghiém duoc
trinh bay & bang 3.
Mdi quan hé giita ham muc tiéu Y va cac bién
(X1, Xz) duoc thé hién bang phuong trinh (1):
Y = Bo + Bixxi + BiXx% + Bijyxix (1)

V6i Po 1a hang sb; Bi, Pij va Bii lan luot 1a hé
s6 tuyén tinh va tuong tac bac 2.

Bdng 1: Bién doc ldp va mirc thi nghiém

Ky % Miic thi nghiém
s Bien

hi¢u -1 0 1
X1 Nhiét @6 °C) | 120 | 160 | 200
X2 Thoi gian(phat) | 10 25 40
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3. KET QUA VA THAO LUAN
3.1. Két qua tdi wu héa cac diéu kién sic ky,
khéi phd
Pé tim duoc cac diéu kién toi wu cho viée phan
tich Acrylamide cho cac mau tra, ching toi di
t6i wu hoa cac diéu kién sic ky long va diéu
kién khdi phd MS/MS cho Acrylamide nhu
sau:
+ Pibu kién sic ky long: Nhiét do 30°C, hé
dung moéi pha dong H,O/MeOH/FA =
90/10/0.1. Téc d6 0.3 mL/min, thé tich tiém
maul0 pL.
+ Piéu kién khéi phd: Ché d6 ESI* va PRM
(ché a6 theo d&i phan tng song song) Ché do
PRM nhu sau: m/z 72 > 55va 75 2> 58 ¢ 10V
cho AA va 3C;-AA duoc sitr dung dé dinh
luong va m/z 72 > 44 6 20V va 75 > 45 ¢
10V duoc st dung dé xac nhan cuong d6 dinh.
3.2. ThAm dinh phwong phap phén tich
Dé kiém tra s liu thu duoc khi phan tich AA,
mot s6 yéu t6 nhu giéi han phat hién - LOD,
gidi han dinh luwong - LOQ, d6 lap lai, hi¢u
sudt thu hdi dugc xem xét. LOD va LOQ lan
Iuot 1a 2 va 6 ug/L, chung to phuong phap
phan tich ¢c6 d6 nhay tot, phu hop dé dinh
lugng AA trong miu.
Do lap lai va do tai lap cua qui trinh xir Iy mau
dugc danh gia thong qua 22 méu lap duoc tién
hanh trong 7 ngay lién tiép v6i do 1ap lai trong
7 ngay cho gia tri RSD = 3.3 - 10.2%, con do
tai lap (n=7) cho gia tri RSD =4.1 - 11.4%.
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Hinh 1: Sdc ky do ciia Acrylamide
D6 thu hdi tinh theo phurong phéap thém chuan
(st dung chuin dong vi BCi-AA). Gia tri do
thu hdi trung binh trong khoang 90.3% -



102.1%. Khoang tuyén tinh dwoc xac dinh
trong khoang 0.5 — 200 pg/L (vé6i R? =
0.9992), phu hop trong phan tich cac mau thuc
pham theo tiéu chuan SANTE/11945/2015.
3.3. Ham lwong Acrylamide trong cic miu
tra thanh phim va ché nguyén liéu
27 méu tra thanh phiam va 14 ché nguyén liéu
duoc thu thap, xtr Iy mau va tién hanh phéan
tich AA. Ham lugng AA thu dugc dugc trinh
bay trong bang 2, két qua cho thiy ham luong
AA trong la cheé nguyén liéu trong khoang 15.7
— 54.1 pg/kg. Dbi voi tra thanh phadm thi ham
luong AA cao nhat dugc tim thdy trong nhom
tra xanh (106.9 — 365.2 pg/kg), tiép dén 1a
nhom tra 6 long (73.2 — 134.2 pg/kg) va thap
nhit 1a tra den (26.8 — 91.2 pg/kg). Két qua
ham lugng AA trén cling phu hop vdi cac
nghién cu trén tra & Nhat Ban (tra den < tra
Pu erh < ché xanh < tra xanh) "3 va tra ¢Trung
Qudc (tra tring < tra vang < tra den < tra 6
long < tra Pu erh < ché xanh) ['4],

Bdng 2: Ham lwong Acrylamide trong mét s6

mau tra thanh pham va ché nguyén liéu

Trung
binh
(ng/ke)

AA

S6 mau
(ng/kg)

Loai tra

30.6
43.4
37.2
54.1
15.7

Bup ch¢ xanh 5 36.2

2473
127.1
196.5
106.9
214.8
265.8
365.2
173.2
183.2
204.3

Tra xanh 10 208.4

72.8
51.3
91.2

Tra den 5 61.5
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Trung
binh
(ng/ke)

AA

S6 mau
(ng/kg)

Loai tra

65.3
26.8

110.3
105.3
87.6
92.1
110.3
73.2
134.2

Tra O long 7 101.9

3.4. M hinh hdi quy va phan tich théng ké
trong qua trinh rang sao la ché xanh nguyén
liéu

Duya vao két qua bang 3, st dung phuong phap
binh phwong nhé nhit dé xac dinh cac hé sb
hdi quy, va danh gia su anh hudng cta cac bién
dén ham muc tiéu.

Bdng 3: Két qua TN va dw dodn mé hinh

36 thi

S0 thirtw

nghiéem | thc nhiém Nhiétdd @ Thoigian | Y (Acrylamide) [ng/g]
Thue D dodn
nghiém

1 73 1 1 1083 113
2 19 1 -1 138.1 141.6
3 10 -1 1 1585 1614
4 1 1 1 1487 158.2
H 4 -1 0 1792 1715
] 12 1 0 1815 184.9
7 18 0 -1 1581 1559
8 20 0 1 1833 1892
9 13 0 0 2191 207.5
10 15 0 0 205.2 2075
11 6 0 0 1861 2075
12 16 -1 -1 1044 1115
13 8 1 -1 1408 141.6
14 17 -1 1 1546 161.4
15 11 1 1 164.1 1582
16 9 -1 0 1839 1715
17 7 1 0 196.1 184.9
18 2 0 -1 1683 1559
19 5 0 1 198.4 1892
20 3 0 0 209.6 207.5
21 2 0 0 188.3 2075
23 14 0 0 20858 207.5

Bdng 4: Hé $6 hoi quy cho ham muc tiéu

Acrylamide (Y)

Acrylamide Héso | Saisd chuan P Khoing tin cdy ()
Hang so 207.53 3.89 1.88441e-19 8.24
Nhiet do (X)) 6,70 3,09 0,0459571 6,56
Theigian (X;) 16,63 3,09646 | 6,23384¢-05 6,56
X1¥X) -29.35 | 476335 | 1,37508e-05 10,10
X' -34.99 | 476535 | 1,65168¢-06 10,10
X1¥ Xy 8,31 3,79237 | 0,0435239 8,04

N=12 Q*=1 0,850 Cond.no.= 3,082
DF=16 R*=10911 RSD= 10,73
Rladj.= 0,883
Do tincdy = 0,95




Két qua phan tich théng ké ¢ bang 4 cho thiy
céc bién nhiét d6 (X)), thoi gian (Xy) rat ¢6 ¥
nghia vé mit théng ké (P < 0.05). Tuy nhién,
tinh ¥ nghia cua thoi gian (Xz), va X;? cao hon
han diéu nay thé hién & gia tri P gan nhu bang
0. Sau khi da loai bo cac hé sé khéng co y
nghia, ham muc tiéu Y thu dugc & phuong
trinh (2).

Y =207.53+6.70X,+16.63X,-29.35X >

34.99X,2-8.31X:X>2(2)

3.5. Mit dap wng va cac yéu to anh hwong
chinh
Mit dap tmg khong gian 3 chiéu thé hién su
anh huéng t6 hop cta hai yéu té nhiét do, thoi
gian dén ham muc tiéu duoc thé hién & hinh 2.

Acrylamide

| B

Response Surface Plot
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Hinh 2: Mdt dép g 3 chiéu ciia Acrylamide
Két qua bang 4 va hinh 2 cho ta thdy ca nhiét
d6 va thoi gian déu c6 anh huéng dén ham
luong Acrylamide trong qua trinh sdy ché
xanh. Cu thé két qua phan tich thong ké cho
thiy, yéu t6 nhiét do anh hudng 43.7% va yéu
t6 thoi gian anh hudng 56.3% dén sy hinh
thanh Acrylamide trong qua trinh sao cheé
xanh. Khi ting nhiét do, thoi gian sy, ham
luong Acrylamide ting, tuy nhién néu nhiét do
vuot qua 160°C va thoi gian sdy cao hon 25
phut thi ham Iugng cua Acrylamide lai c6 xu
hudng giam. Nguyén nhan cla qua trinh nay la
do su polyme hoa cua Acrylamide khi thuc
hién ¢ nhiét do cao va thoi gian sdy lau. Két
qua nay phu hop voi cac nghién ciru xac dinh
anh huong cia nhiét do va thoi gian sdy trén
mot sé nén miu tuwong tu khac da dugc cong
bé 116171

3.6. Phan tich phwong sai ANOVA

Viéc danh gid mo hinh thu dugc c¢6 phu hop
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voi thuc té hay khong 1a rat quan trong.
Phuong phép phén tich phuong sai dugc s
dung dé danh gia sy khac biét gitta thuc
nghiém va két qua du doan. Két qua phan tich
phuong sai cia ham muc tiéu Y dwoc thé hién

& bang 5.
Bang 5: Ket qua phdn tich phwong sai mo hinh
Acrylamide
Aorylemide OF | 5 MSpmogss) F | P | 8D
Tong % GHTN | 30600
Hing 55 T e
T Tomgswdsi |2 H6IES T ORLES 31355
Hoi quy ST 3156 $L64 W00 612820
Phin du 161840911505 10,7264
Tinh khong phivhgp 3 676805235 602 L N (TAREI0)
(Léi mb hink)
Limwinoy 0TS E 54 644288
(I6i T3p 1)
eI Cond 10 = | 382
DFeis RIS 0811 RSD= | 1073
R = 088

Két qua phan tich & bang 5 chi ra rang mé hinh
hdi quy thu duoc phu hop véi thuc nghiém.
Diéu nay thé hién ¢ hé sb xac dinh (R?) va hé
s6 x4c dinh twong d6i (R? adj) ciia mé hinh déu
rit cao gan bang 1, cu thé 1a R = 0.911, R
adj=0.883. Tuy nhién, viéc danh gia mo6 hinh
con dya vao gia tri P va chuén Fisher. Mot diéu
dang chu y 1a gia tri P (tinh khong phu hop)
cia mo hinh 16n hon 0.05, diéu nay chimg t6
mo hinh thu dwoc rat phi hop véi thyc té. Bén
canh d6 gia tri F tinh ciing cho két qua tuong
tu (Feinh Acrylamide=2.52 < F (0.95, 2,13) = 3.81).
4. KET LUAN

Phat trién phuong phap phan tich Acrylamide
trong tra thwong phdm & Viét Nam da duoc
thyc hién va cho d6 chinh xac va d¢ tin cay
cao. Gidi han phat hién va gidi han dinh lugng
thap (LOD va LOQ lan luot 12 2 va 6 pg/L), do
thu hoi cao (90,3-102,1%). Phuong phap quy
hoach thyc nghiém bac 2 tryc giao st dung
trong nghién ctru nay, moé hinh thu dugc chi ra
sy anh hudng cua nhiét d9, thoi gian va su
tuong tac gitta cic yéu voi nhau cua ching
dén kha ning tao thanh Acrylamide trong tra
thanh pham.

Tuy nhién viéc Acrylamide cé6 mét trong cac
mau tra thanh pham con co thé do nhiéu yéu té
nhu dat, nude, khong khi. Do vay nghién ctru
nay co thé 1a tién dé dé chung toi tiép tuc



nghién ctru sdu hon vé mic d6 nhidm
acrylamide tir moi trudng va qua trinh ché bién
vao cac loai thuc ph'f\m, dac biét 1a cac thuc
pham c6 hoat tinh sinh hoc cao nhur tra.
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