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TOM TAT:

Nghién cifu nhim xdc dinh diéu kién t8i wu cho qud trinh thdy phan tinh bot gao IGt huyét
rong. Tién hanh khdo sdt 4nh hudng cda ty 1& gao/nude 5 - 40%, pH 5 - 7, nhiét dd 70 - 90°C, thdi
gian thiy phan 10 - 50 phit va ndng d6 enzyme a-amylase 0,05 - 0,25% cho qua trinh thiy phan
dé&n ham lugng dudng khit da dugc nghién cttu. Thuc hién thi€t k& thuc nghiém ciu tric ¢6 tAim
cho 4 nhan t6 di dugc 4p dung d€ t6i vu héa qud trinh thily phan tinh bot, k&t qua mo hinh théng
ké xdc dinh dich thdy phan c6 ham lugng dudng khit cao nhat 1a 12,861 g/l tai cdc di€u kién t5i
uu: pH = 5,6, nhiét d6 89°C, thdi gian thidy phan 37 phiit vd ndng d6 enzyme a-amylase 0,2%.
K&t qua thuc nghiém tuong thich cao v6i mo hinh, s liéu nghién ctu 12 tién dé d€ xay dung quy

trinh sdn xuat nudc gao It huyé&t rong 1én men.

T khéa: alpha-amylase, gao It huy&t rong, 1én men, t8i uu héa, thuy phan tinh bot.

1. Dit van dé

Hién tai, viéc nghién cttu vé& céc san pham tir
gao It huy€&t rong con han ché, di c6 mot s6
nghién citu vé viéc st dung enzyme dé thiiy phan
tinh bot gao 1t huyét rong nhu cia Duong Thi
Ngoc Hanh (2014) [1]. Tuy nhién, nghi€n cu chua
tap trung nhiéu vao khio sit, tdi vu hda cic thong
s0 tai cong doan thiy phan, do d6 cdc cong doan
dong vai tro tién dé cho 1én men c6 thé ké d&€n nhu
dich héa vin chua dugc khdo st day di. Vi thé,
véi muc tiéu hoan thién quy trinh sidn xuit nudc
gao 1t huyét rong 1én men viéc toi uu héa cic yéu
t0: ty 1& co chat, pH, nhiét do, nong do enzyme,
thoi gian thiy phén tinh bot tai cong doan dich héa
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12 di€u cin thi€t. Ngoai ra, khi néi dé€n tinh chit
san pham, day ciing 12 y&u td tao nén su khic biét
cho nghién cttu, mang xu huéng nudc gidi khat 1é€n
men c6 dd con thap va con lai dudng khir, két hgp
b6 sung CO, sé& tao nén sy d6i mdi lam da dang
héa hon dong san phdm nudc trdi cAy 1én men trén
thi trudng hién nay.

2. Nguyén vat liéu va phuong phap nghién ciu

2.1. Nguyén li¢gu, héa chat

2.1.1. Nguyén liéu

Nguyén liéu gao Idt huyét rong c6 tén khoa
hoc 13 Oryza sativa L dugc mua tai hé thdng siéu
thi Aeon TP. HS Chi Minh c6 ngudn g&c Ap M§
Thi B, xi M§ An, huyén Thip Mudi, tinh Pong
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Thap. Ché€ phim enzyme o-amylase (tif vi khudn
Bacillus licheniformis, 120 KNU/g, tén thudng
mai 1a Termamyl 120L) cia hang Novozymes,
ban Mach [2].
2.1.2. Héa chdt
Acid citric; sodium hidrogen carbonate; 3.5
dinitrosalicylic acid; potassium sodium tartrate;
sodium hydroxide,...
2.2. Phuong phdp nghién ciiu
2.2.1. Phuong phdp chudn bi mdu
Gao ldt huyét rong — Nghién — Can vao binh
tam gidc — Pha loing — Diéu chinh pH — Diéu
chinh nhiét do — B8 sung enzyme — U enzyme —>
Lam ngudi — Xdc dinh ham lugng dudng khi [3].
2.2.2. Phuiong phdp bé'tri thi nghiém
Thyc hién 1an Iugt theo trinh ty 5 thi nghiém
dudc b tri gdbm mot nhin t6: ti 1& khdi lugng
gao/khdi lugng nuéc (5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%); pH (5,0, 5,5, 6,0, 6,5, 7,0); ndng
dd enzyme a-amylase (0,05%, 0,10%, 0,15%,
0,20%, 0,25%) thGi gian thiy phan (10 phut, 20
phiit, 30 phiit, 40 phut, 50 phat ) va nhiét do (70°C,
75°C, 80°C, 85°C, 90°C) d€ xac dinh cic thong s&
sd bo 1am tién dé thuc hién mo hinh t&i vu hda cla
céc nhan t6 4nh hudng dén hoat dong thiy phan
clia enzyme oa-amylase trong sdn xuit nudc gao
16t huy&t rong 1én men.
2.2.3. T6i wu héa qud trinh thily phdn tinh bot
gao litt huyét rong bang enzyme a-amylase
Ap dung thiét k& thuc nghiém ciu tric c6 tim
(CCD: central composite design) dé tdi wu héa
quéd trinh thdy phan tinh bt gao lGt huyé&t rong
bing enzyme a-amylase. K&t qua xdc dinh dugc
diéu kién t8i wu cho qud trinh dich héa gao It
huyé&t rong trén cd s& md hinh thyc nghiém thdng
ké md ta tuong hop k&t qud thyc nghiém. M6 hinh
bac?2 tf;ng quat dé€ du dodn cdc diéu kién tdi wu c6
dang nhu sau:
Y =ap+a; X +a,X, +a3X5+a,Xy
+ay X7 +apnXy® +a33X57 +ay Xy
+apX Xo+aX X;+a,X Xy
+ a3 X0 X5 +ay, X Xy + a3, X5Xy
Trong do:
Y; la ham lugng dudng khr (g/1), X;: nhiét do
(°C), X,: pH, X5: ndng d6 enzyme (%), X,: thdi gian

thiy phan (phit); ay, a;;, ajj 12 cdc hé s6 clia phuong
trinh hdi quy [4].

2.2.4. Phuong phdp phdn tich héa li

- Xac dinh ham lugng tinh bdt theo TCVN 4594:
1988 [5]: Ti€n hanh can 5 - 20 g mau, chuyén toan
bd vao binh tam gidc dung tich 250 ml, trang k§ cdc
can bing nu6c cat, lugng nude cho vao binh khodng
100- 150 ml. Thém 5 ml axit clohydric ddc vao binh
khoang 100 - 150 ml. Thém 50 ml axit clohydric
ddc vao binh miu, day niit cao su ¢c6 cim dng sinh
han ngugc va dun trén b&p cach thly sbi trong 2
giv. Lay binh ra 1am ngudi, trung hda miu bing
natri hydroxit 30%, khit protit, loc, dinh mitc. Hit 5
- 25 ml dich loc, chuyén vio binh tam gidc dung tich
250 ml, thém vao binh 50 ml hdn hgp pheling A, B
va tiép tuc dun, loc, hoa tan va chuin d. Ghi s& ml
kali pemanganat 0,1N da dung. Ham Iugng tinh bot
(X) tinh bing % theo codng thitc: X = (X1 - X2) x
0,9. Trong d6: X1 13 ham Iugng gluxit tdng s& va X2
12 ham lugng dudng tdng sd x4c dinh theo phuong
phédp Bertrand.

- Xéc dinh ham lugng dudng khit bing phuong
phép do quang phd véi thudc thit DNS [3]: Ti€n
hanh cin 1 gam dich sau thiy phin cho vao binh
dinh mitc 100 ml, ti€p tuc cho nudc cat tdi vach dinh
mtc va loc vao coc. Hiit 1 ml dich loc cho vao 6ng
nghiém, thém vao mdi dng nghiém 0,5 ml thudc thit
DNS, lic déu cac dng nghiém. PE cic 6ng nghiém
vao ndi cach thily dang soi ding 5 phit, 14y ra lam
ngudi dén nhiét do 25 - 30°C roi do mat do quang &
budc séng 540 nm. Tinh k&t qua dya vao do hap thu
ctia dung dich mau tinh ra ndng do glucose theo
dudng chuin: y = 0.194x + 0,0254 (R2 = 0,9988).
Ham lugng dudng khir dugce tinh theo cdng thiic:

Glucose (g/kg) = C, X V2 Vam

VI m

Trong do:

C,: ham lugng glucose tinh theo dudng chuin
(g/kg); V;, Vi, Vi, 180 lugt 12: thé tich mau 14y di
phan tich, thé tich binh dinh mic trong diy chuin,
thé tich binh dinh mic sau xt i mau (ml); m: khéi
lugng mau (g).

2.3. Phuong phdp xit li s6'liéu

Céc thi nghiém dugc lip lai 3 1an, k&t qua dugc
trinh bay & dang gid tri trung binh + gi4 tri sai sd.
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K&t qui dudc tinh toidn bing phin mém Microft
Office Excel 2010 va phin mém thong ké IBM
SPSS Statistics 2.

3. K&t qua va ban luan

3.1. Anh hubng ciia 8 1¢ gao/nuéc dén ham
lugng duong khit

Thi nghiém ti€n hanh dwa trén cd chat 1a tinh bot
trong nguyén liéu gao It huy€&t rong. K&t qua khio
sat lugng duong khi sinh ra khi dich hda tinh bot
gao v6i cac mic ty 1& khdi lugng gao/khdi lugng
nuéc (5% - 40%) & diéu kién pH 5,5; nhiét do 70°C;
ndng do enzyme 0,15% trong thdi gian thiy phan
50 phiit dugc trinh bay & Hinh 1.

K&t qué nghién cttu (Hinh 1), cho thidy mic do
thity phan thay ddi khi thay ddi ty 1& gao/nu6e. Khi
tang ty 1& gao/nudc thi ham lugng dudng khit sinh
ra cling ting, c6 2 nghiém thic cho két qua ham
lugng dudng khir § mic trung binh va khong c6 sy
khdc biét c6 ¥y nghia thong ké tai mifc y nghia 4 =
0,051a 20% (11,89 £ 0,66 g/1) va 25% (13,01 £ 0,68
g/l). Nhu vay, d€ dem lai hiéu qua kinh t& va phi
hgp v6i muc tiéu diu ra clia sin phdm thi ty 1&
gao/nude 20% 1a nghiém thic duge chon dé thuc
hién c4c thi nghiém ti€p theo.

3.2. Anh huéng ciia pH dén ham ligng duong
khir

pH moi trudng dnh hudng d€n mitc do ion hda
cd chat, enzyme va dic biét 4nh hudng dé€n dd bén
enzyme. Chinh vi th&, pH c6 4nh hudng rat manh
dén phén tng ctia enzyme [6]. (Hinh 2)

K&t qué phan tich thong ké cho thiy, hoat dong
thiy phin clia enzyme a-amylase tai cic mic pH
5,5; 6,0 déu cho ham lugng dudng khit cao va c6 sy
khéc biét c6 nghia, tai mic y nghia 5%. Nhu vay,
6 thé chon gid tri pH = 5,5 13 gi4 tri pH thich hgp
nhim tao diéu kién cho enzyme a-amylase hoat
dong t6t. K&t qua nay phit hop so véi nghién citu
truGc day ctia Jagatee S etal. (2015) [7].

3.3. Anh hubng ciia néng dp enzyme -amylase
dén ham lugng dvong khit

K&t qua nghién citu dudc thé hién & Hinh 3 cho
thiy, ndng d6 enzyme o-amylase c6 dnh huéng
dén hoat dong clia enzyme trong qud trinh thly
phan gao 1t huyét rong tai mic y nghia 5. Khi ting
ndng d6 enzyme 1&n 0,20% va 0,25% thi ham lugng
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Hinh 1: Anh hudng cda ty Ié gao/nudc
dén ham lugng dudng khd
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Hinh 2: Anh huéng cla pH dén ham
ligng duéng khd
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Hinh 3: Anh hudng clGa néng dé enzyme
dén ham lugng dudng khd

Ham lwong dwong khir (g/1)
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dudng khit sinh ra khdng c6 su khéic biét cé nghia so
vGi ndng d6 0,15% do giai doan ddu khi thira ndng
dd co chat, van toc phan Gng phu thudc tuyé&n tinh
vao nong dd enzyme, ham lugng dudng khi sinh ra
ting 1én nhung khi ndng do enzyme ting tdi mot
miic dd ndo dé thi van t6c phidn Gng ting khong
dang k& [9].

Trong nghién ctfu nay, néng do enzyme o-
amylase 0,15% dudc chon la diéu kién d€ thiy
phan dich gao 1dt huyét rong va thu dugc dich c6
ham lugng dudng khit cao nhat 1a 14,94 + 0,46 g/l.
K&t qua nay phll hgp so véi nghién cttu truGe day
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ctia Duong Thi Ngoc Hanh va cs (2014) [1] ndng do
enzyme 0,15% dudc chon la nghiém thitc thich hgp
nh4t cho qua trinh dich héa.

3.4. Anh hudng cia thoi gian thiiy phdn dén
ham luogng duong khir

Thdi gian thiy phan dudc ti€n hanh khdo sit
trong khodng 10 - 50 phiit, k&t qua nghién cttu dugc
thé hién & Hinh 4. K&t qua phan tich one-way
ANOVA cho thdy, thdi gian thily phian c¢6 4nh
huéng dé€n ham lugng dudng khit. Ludng dudng
tdng khi thdi gian thiy phan tr 10 phit dé€n 40 phut.
Thoi gian thiiy phan dai c6 thé tao diéu kién ti€p
xtic giffa cd chat va enzyme 1am cho qua trinh thiy
phén x4y ra t6t hon, tao ra nhiéu sdn phim. Sau do,
cdc san phdm sinh ra s& déng vai trd nhu chat kim
ham khong canh tranh va kim ham hoat dong ctia
enzyme nhiéu [6].

Nhu vay, thoi gian thdy phan 40 phdt (dudng
kht: 15,80 + 0,53 g/1) 1a phit hgp cho nghién cttu nay
nhiim ti€t kiém thdi gian va dem lai hiéu qud kinh
t€. So vdi nghién citu Jagatee S et al. (2015) [7].

3.5. Anh huéng ciia nhiét dp dén ham lugng
duong khir

Ti€n hanh thiy phan vdi nhiét d6 thay ddi trong
khodng 70 - 90°C [10] va c¢6 dinh 4 y&u t6 ty 1é
gao/nudc: 20% (muc 3.1), pH: 5,5 (muc 3.2), ndng
dd enzyme 0,15% (muc 3.3) trong thdi gian 40 phut
(muc 3.4). K& qua nghién cttu dugc thé hién &
Hinh 5.

K&t qué nghién cttu thu dudc (Hinh 5) cho thay,
ham lugng dudng khir ting dan khi nhiét do ting tir
70°C dé&n 85°C. Khi ti€p tuc ting nhiét do trén 70°C,
ham lugng dudng khit c6 xu huéng gidm do tdc do
phdn ing enzyme chi ting dén mot gidi han nhiét
dd nhat dinh, vugt qud gidi han dé toc do phan tng
enzyme s& gidm va din d&én mic triét tiéu [6]. Tai
nhiét d6 85°C, ham lugng dudng khit tao thanh sau
thiy phan dat cao nhat 15,43 + 0,89 g/l va c6 su
khéac biét c6 nghia so vGi khi dich héa § 80°C va
90°C. Nhu vay, & diéu kién 85°C Ia nhiét do thich
hdp cho hoat dong enzyme o-amylase.

3.6. Téi uu héa qud trinh thuy phén tinh bt
gao lit huyét rong bdang enzyme d-amylase

Dua vao két qué clia cdc thi nghiém trén chon
c6 dinh ty 1& gao/nuc 1a 20%. Két qud thuc

Hinh 4: Anh huéng cla thdi gian dén

ham Iluigng duéng khir
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Hinh 5: Anh hudng cla nhiét dé dén ham
lugng dudng khi
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nghiém t6i wu héa v6i hAm muc tiéu 12 ham lugng
dudng khit, gid tri cdc hé s& hdi quy va (o = 0,05)
dugc trinh bay trong Bang 1.

Phuong trinh hdi quy thé hién tuong quan clia
diéu kién thiily phan d&€n ham lugng dudng khir thu
nhan dugc thi€p 1ap va st dung d€ du doan ham
lugng dudng khit tao thanh tir qué trinh dich héa:

Y=-2779+525X;+13,3X,+184,1 X5

+0,079 X4 - 0,03352 X,2- 2,197 X,?
-279,4 X3*-0,00468 X,4*+0,1188 XX,
- 0,032 X X5 +0,00057 X; X4 - 6,9 X,X5
+0,0739 X,X, - 0,692 X5X,

Céc gia tri to1 wu clia cdc bi€n doc 1ap trong budc
dudng héa cling dugc xdc dinh tf phin mém
MINITAB. Céc diéu kién t5i vu cho giai doan nay
la X1: 89°C; X, : 5,6; X5 : 0,2% va X, : 37 phut.
Ham lugng dudng khir du dodn theo cdc diéu kién
néutrénla Y: 12,8611 g/l.

P& kiém dinh cic gia tri du dodn ctia mo hinh,
céc diéu kién t8i uu duge thyc hién doc 1ap vdi 3 1an

w
°

70 75 % 85
Nhiét 35 (°C)
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BAng 1. Thiét ké& thuc nghiém va gid tri hdm muc tiéu theo mé hinh CCD

Bién ma héa Bién thuc Ham lugng dudng khti (g/)
T xt x| x3 | xa N';iéé)dé pH E:z?::ed(?’ ) T'(‘::]gi?" d'zzn Thuc nghiém

11 2] o 0 0 75 55 0,2 40 6,96 6,46
2 | a4 | 4 1 1 80 5,0 0,25 50 8,04 8,21
S 1 A 80 6,0 0,15 30 8,38 7,79
4 | a4 4] 4 80 5,0 0,15 30 8,57 8,41
5 | 1 1 1 80 6,0 0,25 30 9,15 8,80
6 | -1 1 1 1 80 6,0 0,15 50 9,27 8,82
7 a4 | 4 1 1 80 5,0 0,25 30 10,02 9,08
8 | -1 1 1 1 80 6,0 0,25 50 8,65 8,98
9o | 4 | 4 | A 1 80 5,0 0,15 50 7,97 7,69
10 | 0 0 0o | -2 85 55 0,2 20 10,98 10,72
11 | o0 2 0 0 85 6,5 0,2 40 10,91 10,73
12 ] 0 0 0 0 85 55 0,2 40 12,30 12,35
13 | 0 0 0 0 85 55 0,2 40 12,30 11,56
14 | 0 o | 2 | o 85 55 0,1 40 9,11 9,51
15 ] 0 0 0 0 85 55 0,2 40 12,30 11,87
16 | 0 0 2 0 85 55 0,3 40 9,91 8,8
17 | 0 0 0 0 85 55 0,2 40 12,30 12,15
18 | 0 0 0 0 85 55 0,2 40 12,30 12,07
19 | 0 0 0 0 85 55 0,2 40 12,30 12,05
20| 0 | 2] o0 0 85 45 0,2 40 9,30 12,28
21 | 0 0 0 2 85 55 0,2 60 9,88 10,23
2 | 0 0 0 0 85 55 0,2 40 12,30 11,56
23 | 1 A | A 90 5,0 0,15 30 9,97 8,57
24 | 1 1 1 1 90 6,0 0,25 30 11,71 11,67
25 | 1 a4 1 90 5,0 0,15 50 9,38 8,80
% | 1 1 1 1 90 6,0 0,25 50 11,21 11,63
27 | 1 1 A | - 90 6,0 0,15 30 10,98 10,48
28 | 1 1 1 1 90 5,0 0,25 30 11,39 11,02
29 | 1 1 1 1 90 6,0 0,15 50 11,86 11,22
30 | 1 1 1 1 90 5,0 0,25 50 9,42 9,32
31 | 2 0 0 0 95 55 0,2 40 10,94 11,30
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Idp lai va gid tri trung binh

Hinh 6: Mé hinh t6i uu héa

cla ham lugng duong khi
dat dugc 13 12,8611 + 0,337

Optimal

p:07405 "gh o

Low 750

nhietdo

Cur [88,5354]

ph nongdo thoigian
6,50 0,30 60,0

[56313] [0,2091] [36,9697]
4,50 0,10 20,0

g/l, tuong dudng véi gia tri
udc tinh cia md hinh duge
thi€t 1ap. Pong thdi ti€n
hanh d6i sanh két qui phan
tich ham lugng tinh bdt ban
dau trong nguyén liéu gao
1t huyét réng 1a 67,5 g/100

DgLU
Maximum
y=128611
d =0,74047

N

TR

g va ham lugng tinh bt con
lai trong dich gao 1dt huyét
rong sau thiy phan bing enzyme o-amylase (giai
doan dich héa) vé6i cic thdng s to6i wu 1a 7,75
g/100g, cho thdy hiéu suit dat khd cao (88,52%).
(Hinh 6)

4. Kétluan

Tir k&t qud md hinh t8i vu hdéa qud trinh thiy
phan tinh bot gao IGt huyé&t rong bing enzyme
a-amylase trong san xuit nuc gao Idt huyét rong
1én men ghi nhan tai di€u kién vdi cdc thong so
nhiét do: 89°C, pH: 5,6; ndng dd enzyme -

TAILIEU THAM KHAO:

amylase: 0,2% va thdi gian: 37 phit cho dich thay
phan dat ham lugng dudng khi cao nhat du dodn la
12,684 g/l. Pong thdi, két qué thyc nghiém § cédc
diéu kién toi uu dugc thuc hién doc 1ap, ba 1an lap
lai, véi gid tri trung binh cia ham lugng dudng khir
dat dugc 1a 12,861 + 0,337 g/l cho thdy su tuong
thich rat cao v6i mo hinh. Vi th€, viéc nghién citu
thiiy phan tinh bt bing enzyme a-amylase c6 thé
1a ing dung bén vitng cho sdn xudt cic sin pham tir
nguyén liéu gao It huy&t rong m
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ABSTRACT:

This study is to determine the optimal conditions for the hydrolysis of red rice. The 5-factor
central composite design (CCD) was used to study effects of sweet rice/water ratio 5 - 40%, pH
5.0-7.0, temperature at 70-90°C, hydrolysis time from 10 to 50 minutes and o-amylase
concentration of 0.05 - 0.25% on the sugars content and hydrolysis yield. At optimized conditions
of pH 5.6, 89°C, 0,2% a-amylase and 37 minutes, the sugar content was maximized and the
hydrolysis yield was 12,861g/1. The determined model was highly compatible with experimental
results and it would be applied for red rice fermented beverages production.

Keywords: alpha-amylase, fermentation, red rice, optimize, starch hydrolysis.
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TONG HGP NHUA BAKELITE
TUDAU VO HAT PIEU UNG DUNG
PHU TREN BE MAT VAT LIEU
SHEET MOLDING COMPOUND (SMC)

® HUYNH THANH CONG - NGUYEN THI THU THAO - POAN NGQC GIANG
- HUYNH HOANG HANH - TRUGNG THANH NGQC

TOMTAT:

Bai vi€t tip trung nghién citu qu4 trinh tdng hdp nhya bakelite tir diu v4 hat diéu (DVHD) ting
dung pht trén bé mit vat liéu sheet molding compound (SMC). K&t qua cho thay, vat liéu Bakelte
tong hgp c6 dd bén nhiét cao 1én dén 425,39°C dugc x4c dinh bing phuong phdp nhiét vi sai, bén
canh d6 khi phi vat liéu Bakelite tdng hgp 1én bé mit SMC véi ty 1é thich hgp (3%) thi nhan dudc
vat liéu ¢6 dd mai mon thap (dd gidm khdi lugng it) ching té hiéu qud mang lai clia vat liéu

Bakelite tdng hop c6 ngudn goc tir DVHD.

Tir khéa: dau vd hat diéu, bakelite, SMC, composite.

1. Dit van dé

Nhitng nim gin day, su ti€n bo ctia khoa hoc
cong nghécling vdi nhitng yéu cAu ky thuat khit
khe da gitip nganh khoa hoc vit liéu ngay cang
phat trién. Trong d6, viéc nghién ctu vat liéu
composite ngay cang md rong, dién hinh 14 vat liéu
SMC (sheet molding compound), 1a hgp chat dugc
gia ¢d bing sdi thiy tinh trén nén nhya nhiét rin,
véi cdc chat don khodng va cdc chat phu gia khic
nhau, cdc chat nén hitu co thudng dugc st dung 1a
polyester khong bao hoa nhiét rin hoic vinylester.

Véi muc dich nang cao dic tinh va céi thién sy
bi€n d6i clia vat lidu, cdc thanh phin khic ciing
dugc thém vao: chat xic tdc, chit tc ché, phu gia
nhua nhiét déo, chat khir khudn, cha't lam dic, chat
mau va gan diy phu gia gia cudng bé mit vat liéu

tr DVHD dugc nghién cttu nhiim cai thién tinh mai
mon cta vatliéu.

DVHD 12 mdt phu phdm clia nganh Piéu Viét
Nam [1-4], phan 16n dugc dung 1am chit dot hay
xué't thd cho cdc nudc khdc trén thé gidi [3-4]. Pay
12 mdt ngudn nguyén liéu tai sinh va dugc tng dung
trong nhéu linh viic cong nghiép dé tao bot ma sit,
son, keo dén...c[8-10]. Ham lugng diu c6 trong vé
hat diéu chi€m khoang 10-15% trong ludng hat [1]
DAu vo hat diéu 1 chit 16ng c6 mau nau den dugc
chi€t tich tir vo clia hat diéu, mui hing tan trong
dung moi nhu xylene, n-hexane va khong tan trong
ethanol, nuc Thanh phan chinh cia DVHD la 70%
acid anacardic, 5% carnadol va 18% cardol [4-8].
Thanh phin ciia DVHP thay ddi dua trén phuong
phép chiét xuit cda né, do d6 thanh phan héa hoc
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cta ching khiac nhau. DVHP dugc phan thanh hai
loai chinh 12 DVHD thuong phdm vd DVHP tu
nhién. Trong d6 DVHP thuong phim ré, dé tim
ki€m trén thi trudng va thudng dugc ép nhiét, nén
c6 thanh phin chd y&u 1a carnadol [8-10Vi vay, tdc
gia chon st dung dau thuong phim d€ ti€n hanh
tong hdp nhya Bakelite.

2. Thu'c nghiém

2.1. Nguyén li¢u

Nguyén liéu chinh 124 DVHP thuong phim trén
thi trudng Viét Nam, dugc cung cip tir Cong ty
DAu diéu Cit Lgi, cdc chi tiéu héa 1y dudc trinh bay
trong Bang 1.

Sau d6 gia nhiét phdn @ng, sau thdi gian 4h
phdn ng, lugng chat trong thi€t bi phin dng vin
duc va tach 16p, diéu chinh pH tir 8.0 d€n 8.5 bing
dung dich NaOH loang, d€ ling qua dém. Phan
nudc duge tach ra, rifa san phdm vdi nudc cat dua
vé mdi trudng trung tinh.

Nhya Bakelite thu dugc dugc hoa tan trong
hdn hgp dung mdi xylene/butanol véi ty 1& 1:1,
ti€n hanh chung cit v6i d4p sudt chan khong dé
loai hét lugng nhé nudc con nim lai va lugng
DVHP khong phdn Gng ra. Sdn phim thu
dugc duge bdo quan trong binh hit 4m & nhiét
do phong.

BAng 1. Cac théng sé héa ly cia DVHD

T Céc chi tiéu Ponvi Giatr Phuong phéap thit
1 Mau séc - NAu s&m

2 Ty trong g/mL 0.93 ASTM D4052-18a

3 Bo nhét mm2/s 55.48 ASTM D445-18

4 Tr s6 acid mgKOH/g - 0.7 ASTM D664-18c2

5 Chisgiod wijs 236 TCVN 7869:2008

6 Ham lugng nudc % (vIv) 0.1 ASTM D95-13(2018)

7 Ham lugng tro % (m/m) 0.015 ASTM D482-13

Céc nguyén liéu khac bao gdm: acid sulfuric k§
thuat (H,SO, ddm dic 98%), base ky thuat (NaOH
98%), Formaldehyde (FM 37%), SMC dugc nhap
tr Trung Qudc véi ham lugng soi thiy tinh 12 16%.

2.2. Cdc phuong phdp phdn tich

Phan tich phd hdng ngoai (FT-IR) va phan tich
nhiét trong lugng (TGA) dugc ti€n hanh & trung
tAm phén tich héa sinh 1y ctia Vién Khoa hoc vt
li¢u tng dung.

P06 mai mon cda vat liéu dudc do theo tiéu
chuin ASTM - D4060 tai trung tAm Nghién ctu
Vitliéu Polymer.

2.3. Qui trinh bién tinh DVHD

Piu tién cho lugng DVHD va dung dich
Formaldehyde (FM) (37%) vao thi€t bi phan tng.
Ti€n hanh khudy tron, lugng xic tic acid sulfuric
theo tinh todn dudc cho tir tir, hdn hgp dudce khuiy
trdn tai 40°C trong thdi gian 30 phat.
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2.4. Qui trinh gia cong tao mdu lién két bé mdt
giita SMC va Bakelite

Vi qud trinh lién két giita polyester chua bdo
hoa trong SMC va nhua Bakelite xdy ra trong qua
trinh néng chdy, do d6 chon phuong phip phu
Bakelite trén nén vatliéu SMC 1a ép nhiét thiiy luc.
Céc diéu kién thi nghiém ép:

- Khuon ép c¢6 kich thude: 100x100x10 mm.

- Luc ép: 500 kg/cm?.

- Nhiét do ép: 180°C.

- Thai gian ép: 15 phuit.

3. K&t qua va thio luan

3.1. Két qua khdo sdt cdc diéu kién tong hop
nhua Bakelite tit DVHD (Hinh 1)

Hinh 1a cho thdy, phén tng da tu giita DVHD va
FM cho mot hiéu suit chuyé&n héa cao (80 - 92,5%).
Véi ham lugng FM ting, sin phdm c6 khad ning
lién k&€t mang khong gian ting theo, thé hién & do
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Hinh 1: Bé thj biéu dién su’ dnh hudng ty 1é mol (a), nhiét dé (b), thdi gian phdn ling (c)

va ty Ié xac téc (d) dén dé chuyén héa

_100 2
R 95 15
\‘é 90 g
& 85

3 80 05
I 75 0

1/05 1/1 115 1/2 125 1/3

Ty 1& mol DVHD/FM
«=@==Hiéu suit chuyén hda (%)

@) e=t==Dp hép thu nudc (%)

100 2.2
¥ 95
= 1.7
& 90
> 85 1.2
a 89 0.7
T 75

70 0.2

1 2 3 4 5 6
Théi gian phan irng (h)
=@=Hiéu suit chuyén hoéa (%)
© w=g==D0 hap thy nuwéc (%)

rin va kha nidng ngin cdn hip thu nudc sau 24h clia
san pham sau sdy kho, chiing td cdc nhém methylol
(-CH,OH) dugc hinh thanh va lién k&t véi vong
thom ctia DVHD. Diéu d6 cho thdy, ciu tric mang
1u6i ctia nhua khi déng rin da dugc 6n dinh dan
trong trudng hgp ham lugng FM ting.

T Hinh 1b cho thdy, khi nhiét do ting, tdc do
phdn ng da tu ting theo, dong thdi hiéu suit
chuyén héa ting tir 72% dé&n 92,2%. Khi hiéu suit
phén ting ting, sin phim Bakelite thu dugc c6 kha
ning hap thu nudc sau 24h gidm. Khi nhiét do ting
ti€p dén 100°C va 105°C, hiéu suit chuyén héa
khong thay ddi (92,2% va 92%). Do d6, chon nhiét
dd da tu tai 100°C Ia thich hgp nhAt.

Hinh lc cho thiy, hiéu suit chuyén héa tao
thanh nhya ting theo thdi gian phan Gng da tu. Khi
thdi gian phan tng kéo dai dé€n 5h va 6h, hiéu suat
chuyén héa khong thay d6i (93,1% va 93%) ddng
thdi kéo theo do hap thu nu6c sau 24h ciing gidm
nhung khong dang ké.

Trong Hinh 1d, ta thdy véi ham Iugng chat xic
tac 12 2%, hiéu suit chuyén hoa dat 84%. Hiéu suit

_100 17
X 95 15
= 90 1.3
'® g5 11
2 80 0.9
@ 75 0.7
T 70 05

80 85 90 95 100 105
Nhiét dé phan &rng (°C)
==@=Hiéu suit chuyén hoa (%)

(b) =D hép thy nuéc (%)
100 1.2
R 95 1
& 2‘5’ 08
wv
2 80 06
T 75 0.4
70 0.2
2 25 3 35 4 45
Ty 1& % H,S0, theo DVHD
e=@==Hiéu suit chuyén hoa (%)
(d) DO hép thu nuérc (%)

chuyén héa ting din véi chidu ting clia ham lugng
chatxic tic va dat cao nhat (93%) tai ham lugng xiic
téc 1a 3%; c6 dau hiéu gidm hiéu suat 91% khi xic
tdc ting Ién 3,5%. Khi ham lugng xtc tic ting trén
3,5%, hiéu sut chuyén hda gidm nhanh xudng 82%
va 80%. Nguyén nhan c6 thé do viéc hinh thanh
nhi¢u tAm phén @ng carbonium -ion (-CH2*-OH)
ddng thdi cling mot thdi diém, tao ra nhiéu san phim
trung gian trong khi 6 sdn phAm Bakelite chua dugc
tao thanh. Hién tugng nay lam gidm hiéu suit tao
thanh nhyra Bakelite. Trong khi do hap thu nuéc sin
phim Bakelite sau 24h gidm tinh ti€n, ty 1& xic tic
tang do kha ning dong mach polymer nhanh.

Trén cic co sd trén, tic gid chon didu kién tdng
hgp Bakelite 1a ty 1€ mol DVHD/ FM la 1/1.25,
nhiét dd phan tng 1a 100°C, thdi gian 1a 4h véi xic
tic acid.

3.2. Bakelite sau tong hop

3.2.1. Két qud FT-IR (Hinh 2)

Phd FT- IR ciia Bakelite tdng hop dudc xuat
hién peak dic trung & vung 3.300, dac trung cho
nhém -OH ctia nhém phenolic. Peak tai 3.020 cm'!
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dic trung cho lién k&t -CH ctia vong

Hinh 2: Ph& FT-IR cla Bakelite t6ng hgp i acid H,S0,

thom, & peak 2.928 cm™! dic trung dao

1014

dong -CH clia cic nhom methylen, 100 Ve N Ve
di dao dong & viing 1.039 cm' 1a dai - //’ \Hf“ /ﬂ /“\ | ‘m

hdp thy di€n hinh cia Ar-CH,-OH. ol \ N
Ngoai ra, xuat hién thém hai peak tai = \\ J V | \ j ||

798 cm! va 1.018 cm™. Diéu nay xdc | ® | \ A Jol

nhin c¢6 sy thay thé€ trong nhin % \‘\ / v JH’} \( \\{
benzen va dic trung cho lién két clia : \ / “ U I
-C-O-C-. Nhu vay c6 thé khing dinh, ! o . ‘ “ ‘
da c6 phdn Gng gitta nhém FM va e 2 2 =2 ema ™ b e o
nhém hydroxyl ctia cardanol. K&t qua

ndy phd hgp v6i su hinh thanh  Hinh 3: Két qud phan tich nhiét trong lugng cua
Bakelite tr DVHP va FM véi hiéu  vat liéu Bakelite

sudt phén ng 92,5%. e

3.2.2. Két qué TGA (Hinh 3)

Do bén nhiét clia vat liéu 12 mot
trong nhitng thong s6 héa - 1y quan
trong trong viéc dinh gid do bén va _
kha ning dng dung cta vat liéu do. g
K&t qua phan tich TGA cho thdy vat
licu bén nhiét dén 415,27°C. C6

khodng 17,97% khéi lugng bi mat & B
nhiét do 106,4°C, tuong Gng lugng *L

110,65 (°C)

S0 100 180 200 250 300 350 400 4% 500 S50 600  es0 700  7HO 800

STATN E

Am (%) 14,984
Tint ; 20690 (“C)

299.96 ("C)

HeatFlow (uV)

Tint ; 425,38 ("C)

827 (°¢)

Sample Temperature {°C)

nudc va lugng tdc chit con lai chua
phdn Gng. Khi dat dén nhiét dd
296,9°C, vat liéu c6 bién ddi khoi luong thém
khoédng 14,94%, Itc nay vat liéu bit dau phan hiy
do cdc cAu néi lién k&t hitu ¢d bi phan hiy. Ti€p
theo c6 su giam khoi luong déng ké 45,72%, khoi
lugng vat lieu bi mat di khi nhiét do dat dén
425,39°C chitng td vat liéu bi pha hdy hoan. K&t
thic qua trinh phan hdy tr nhiét do 425,39°C dé&n
900°C, chitng té vat liéu c6 dd bén nhiét khd cao.

3.2.3. Két qud khdo sdt do mai mon

a. Két qud phan tich bé mdt béng kinh hién vi soi
ndi (Hinh4)

Tir Hinh 4 cho thay, vdi cdc ty 1& Bakelite tir 1%
- 7% vé mit khéi lugng so véi vat lieu SMC, qua
quan sit bing kinh hién vi soi ndi bé mit vat
liéu ki€m tra sy két dinh giita 2 vat liéu cho thay tir
1% - 3% Bakelite thi b&é mit vatliéu vin dong nhit,
khong thiy hién tudng nit giy. Khi ti€p tuc ting
dén 5% Bakelite, bé mit vat liéu khi quan st biing
kinh hién vi soi ndi bat dau c6 hién tugng niit giy

388 $6 5 - Thang 3/2022

gifra 2 vat liéu, va hién tugng ndt gy dudc thé hién
rd & ty 1€ 7% Bakelite. Su ntit gay vat liéu xdy ra la
do hién tugng co ngét cua 2 dong polymer khéc
nhau din d&n hién tugng vat liéu khong thé két
dinh v6i nhau. Do d6, ty 1& t8i da ma vat liéu
Bakelite dung vdi vat lieu SMC khong vugt qui 5%
khdi lugng.

b. Két qud phan tich chi s6 mai mon vt liéu
(Hinh 5)

Khi vat liéu cang it mat khdi lugng cang chitng
t6 vat liéu c6 do khdng mai mon cao. Qua két qua
kh3o sat, chi s6 mai mon cla vat liéu theo tiéu
chuin ASTM D4060 - 2010 (Hinh 5) cho thay, khi
vatliéu tir 0% Bakelite (M0) d€n mau 5% Bakelite
(M3) thi vat liéu c6 su gidm khdi lugng thap nhat &
vi tri miu M2 (3% Bakelite) chi gidm 16.5 mg so
véi vat liéu khong pha Bakelite (MO) - 100% SMC
12 25.5 mg. Piéu nay ching té, khi vat lieu SMC
dugc pht 1 16p Bakelite 3% (M2) thi vat liéu dat
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Hinh 4: Bé mdt vét liéu duéi kinh hién vi soi néi

1% Bakelite

3% Bakelite

5% Bakelite

7% Bakelite
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Hinh 5: DS chiu méi moén cua I8p pht Bakelite/SMC

vat liéu, din d&€n do gidm khoi lugng ting

CHi SO MAI MON, mg/1000r

30
W 28
£ 2
& 24
22
20
18
16
14
12
10

m

Do giam khai lug

Mau M1 Mau M2 Mau M3
Chi s8 mai mon (mg/1000r)

—=@==D0 giam khéi lwong === Chi 56 mai mon

Mau M0

1én k&ém theo chi s6 mai mon cao hon.
G 4. Kétluan
300.6 TU cdc két qua thyc nghiém thu dudc,
250.6 nhua Bakelite dugc tdng hop thanh cong
2006 v6i hiéu sudt 92% tr DVHD va
1506 Formaldehyde & cic diéu kién t6i uu la: ty
el 1&¢ DVHDB/FM = 1: 2.5, nhiét dd phan tng
206 100°C, thdi gian phan ting 4h, ty 1& xic tic
06 H,SO,/DVHP = 1:3,5% kh.l. Vit liéu
Bakelte t6ng hdp c6 dd bén nhiét cao, 1én
dén 425,39°C dugc xdc dinh bing phuong

dugc chi s6 mai mon 165.0 thap hon cic ty 1& phi
con lai, nhung khi d&€n miu 5% Bakelite (M3), vat
liéu gidm khoi lugng nhanh 20.9 mg. Diéu nay phu
hgp véi két qua phan tich biing kinh hién vi soi ndi
§ vat lieu phii 5% Bakelite bit dau c6 sy nit giy

Loicam on:

phép nhiét vi sai. Bén canh d6, khi phti vat
liéu Bakelite tong hgp 1én bé miat SMC véi ty 1&
thich hgp (3%) thi nhan dugc vat li€u c6 do mai
mon thap (dd gidm khdi lugng it), ching td hiéu
qua mang lai cia vat liéu Bakelite tong hdp c6
ngudn gdc tt DVHD m

Nhém tic gid cam on cdc dong nghiép tai Trung tam Tiéu chudn va Po luong chdt lugng 3, Trung tim
Nghién citu Vit liéu polymer Pai hoc Bdch khoa Thanh pho” Hé Chi Minh, Trung tém Phdn tich héa sinh

Iy ciia Vign Khoa hoc vit ligu ting dung.
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SYNTHESIZING BAKELITE RESIN FROM CASHEW
NUT SHELL LIQUID APPLIED TO THE SURFACE
OF SHEET MOLDING COMPOUND (SMC)
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Vietham Academy of Science and Technology

ABSTRACT:

This study examines the process of synthesizing bakelite resin from cashew nut shell liquid
applied to the surface of sheet molding compound (SMC). This study’s results show that the
synthetic Bakelite material has a high thermal stability up to 425.39°C. This thermal stability was
determined by the differential heat method. In addition, when the synthetic Bakelite material
was coated on the surface of SMC with an appropriate ratio (3%), a material with low abrasion
(low mass loss) was obtained. It demonstrates the effectiveness of synthetic Bakelite materials
made from cashew nut shell liquid.

Keywords: cashew nut shell liquid, bakelite, SMC, composite.
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THAM PINH PHUGNG PHAP
VA UNG DUNG PHAN TiCH POC TO
ACRYLAMIDE TRONG MAU CA PHE
BANG PHUGNG PHAP HPLC-MS/MS

® NGUYEN THI BiCH PHUGNG - VO THI MONG TRINH - LE DiNH VU*

TOM TAT:

Phuong phap sic ky 16ng hiéu ning cao ghép 2 1an khdi phd (HPLC-MS/MS) di dudc thim dinh
va 4p dung d€ phan tich ham lugng ddc t& acrylamide trong miu ca phé. Dudi diéu kién tdi uu clia
thuc nghiém, khodng tuy&n tinh phan tich acrylamide tir 100-1000 pg/L véi gidi han phat hién cda
phuong phép dat 30 ug/L. Hiéu suat thu hoi dat tr 87,1 % t6i 99.4%. J cdc mic ndng do khac nhau
clia acrylamide, do lap lai ctia phudng phéap cao thé hién qua do 1éch chuin tuong doi (RSD%) tir
sdu 1an thi nghiém lip lai nhé hon 3,54 %. Phudng phap dudc 4p dung d€ phan tich mot s6 mau ca
phé hat rang trén thi trudng Thanh phd H6 Chi Minh. K&t qua thu dudc cho thay, ¢6 74,19% s6 miu
ca phé chita acrylamide vdi nong do tir 97,33-560,48 ug/kg, trong d6 s6 miu vugt ngudng t6i da cho
phép chi€m 19,35%. K&t qua con cho thd'y mic do 6 nhiém acrylamide cda ca phé c¢6 mic do rang

dam cao hon nhiéu so vé6i rang vira. 100% cdc miu ci phé v6i miic @6 rang ddm déu phat hién

acrylamide vé6i 35,71% s6 mAu vudt qui ngudng tdi da cho phép. Piéu nay cho thdy mic do 6

nhiém acrylamide trong ca phé rang xay trén thi trudng 12 ddng bao dong va can c6 cc bién phap

ki€m sodt an toan vé sinh thuc phadm ddi vdi ca phé.

T khéa: acrylamide, coffee, ddc t6, HPLC-MS/MS.

1. Dit van dé

Acryclamide 1a mot dc t6 c6 khd niing gy ung
thu va tc ché than kinh I, Acrylamide 12 nguyén
liéu chinh dé tao ra cic polymer va copolymer
dugc st dung nhiéu trong cdng nghiép nhu sin
xuét gidy, thudc nhudém, chat déo, xit Iy nuéc nudc
thdi va nudc sinh hoat. Trong thyc phim,
acrylamide dugc tim thi'y v6i cac mitc do 6 nhiém
khdc nhau tily thudc vao ching loai, phuong phdp
ch€& bién, thdi gian va nhiét do ca qud trinh ch&
bi€n. Céc thyc phim cé chita ham lugng dudng
khtt va axit amin khi ch& bi€n & nhiét dd trén
120°C, nhu chién, nuéng hay rang thudng sinh ra
doc t6 acrylamide theo co ché€ clia phdn tng
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Maillard 231, Do vay, doc t§ acrylamide thudng cé
mit trong cic sadn pham ca phé.

Theo bdo cdo cia FAO va WHO, acrylamide
ciing dudc phat hién trong cic sin phdm ca cao va
ca phé & muc 1&n d€n 909 - 4948ug/kg*”. Mot bdo
cdo khdc ctia EFSA, ham lugng acryclamide dugc
tim thdy & mifc cao nhat trong ca phé hoa tan véi
ham lugng trung binh khodng 1499 pg/kg va ddi véi
ca phé hatrang 12 522 pg/kg 5°9. O Viet Nam, hién
chua c6 sd liéu thdng ké vé miic & nhiém doc td
acryclamide trong thuc phim néi chung va san
phim ca phé néi riéng. Viéc danh gid ham luong
doc t& acryclamide trong sin phim ca phé trén thi
trudng cung cap dit liéu quan trong trong linh vuc
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an toan thyc pham, tir d6 c6 thé dua ra cdnh bao vé
ddm béo chit lugng, an toan vé sinh thuc pham va
stic khde ngudi ti€u dung.

C6 nhiéu phuong phép phan tich dudc dé xuat
va tng dung phan tich ham lugng acryclamide
trong thuc pham néi chung va ca phé néi riéng.
Phuong phap phan tich dau tién dugc st dung dé
phan tich acrylamide trong thic dn chidn nudi dya
trén sy tao din xuit cla acrylamide bing cich
brom héa [6,8]. Sau d6 c¢6 nhiéu k§y thuat phan tich
dugc phat trién d€ khic phuc nhitng khé khin trong
qu4 trinh tao din xuAt va ng dung dudc trén nhiéu
nén miu hon. Hién nay, phuong phdp phan tich
acryclamide trong cdc san pham thyc phaAm & phan
16n cdc phong thi nghiém 1a st dung sic ky 16ng
hoic sic ky khi ghép khdi phd dé phan tich
acryclamide v6i uu diém cho d chinh xdc cao ma
khong cAn phai tao din xuit trong quy trinh phin
tich [7,9]. Do dic thii phic tap cia nén mau ca phé
rang, & Viét Nam hién chua c6 khuy&n nghi chinh
thitc vé phuong phip dp dung d€ dinh lugng
acrylamide trong ca phé ciing nhu cdc nén mau
thuc phdm khéc. Nhitng nd luc vé tiéu chuin hda
céc phuong phap dudc sit dung d€ phat hién va dinh
lugng acrylamide trong cic nén miu khdc nhau vin
dang dugc ti€p tuc nghién cifu nhim ddp ng cic
dgt thit nghiém thanh thao trén chat chuin tham
chi€u, tir d6 ddnh gid do chinh xac k€t qua phan tich
va x4dc nhan phuong phdp acryclamide dat cong
nhan theo ti€u chudn ISO/IEC 17025 19 Myc tiéu
clia nghién cttu nay 1a cdi ti€n va thim dinh mot
phuong phap HPLC-MS/MS cé dd nhay cao xic
dinh ham lugng doc t6 acrylamide trong mau ca
phé, tir d6 4p dung phan tich acrylamide trong céc
mau thyc. Bing cdch st dung tich hgp nhiéu k¥
thuat tach chi€t nhiim loai bd cdc tap chit va lam
gidu miu trong quy trinh phan tich ddm bdo do
nhay cao ctia phép phén tich. Bén canh d6, phuong
phép st dung chit ndi chuin 1a ddng phin chia
ddng vi deuterium (acrylamide-d3) véi 2 14n khdi
phd, phuong phap nay hita hen tinh dic hiéu va do
chinh xdc cao khi dinh lugng ham lugng cua
acrylamide trong ca phé.

2. Thy'c nghiém

2.1. Héa chdt va thiét bi

TAt cd cdc hda chat dugc st dung trong dé tai
nay déu dat do tinh khi&t dung trong Héa phan tich
(PA). Acrylamide (AA) (> 99%) cta Sigma-
Aldrich. Noi chuin acrylamide-d3 (AAD3) (> 99%)
cia TRC. Acetonitrile, methanol, ethyl acetate,

acid formic mua tir hang Merck (Merck, Darmstadt,
Germany). Potassium hexacyanoferrate (II)
trihydrate (d6 tinh khi€t > 99%) va zinc sulfate
heptahydrate solution (do tinh khi€t > 99%) cta
Sigma-Aldrich. Cot Bond elut C18 (500mg/6 mL)
clia Agilent. T4t ca cdc dung dich dugc pha trong
nuéc siéu tinh khi€t (c6 dién trd >18,3 MQ-cm)
dugc cat bd cit nuSc Millipore Milli Q system
(Billerica, MA, USA). Dung dich chuén, ndi chuin
va chuin lam viéc (100 mg/L) dugc pha tif chuin
gbc ¢6 ndng do 1000 mg/L. Nhitng dung dich nay
dugc Iuu trit G 4°C va dugc st dung trong 3 thang.

2.2. Phuong phdp xit Iy méu va phén tich méu
ca phé bang UPLC-MS/MS

Maiu dugc xit 1y theo cdc quy trinh da cong bo
truge day 1011121 ygi mot s6 thay ddi nhu duge mo
td sau day: Miu ca phé dudc nghién min c6 kich
thudc hat nhdé hon 1 mm d€ ning cao ning sudt
chié€t. Pong nhit va cin chinh x4dc 1g miu nghién
cho vao 6ng ly tim dung tich 50 mL, thém 0.1 mL
ndi chuin 5ppm, thém ti€p 10 mL nudc cAt. Pdnh
siéu am va ldc 30 pht, sau d6 thém ti€p 1 mL dung
dich Carrez I (10,6g Potassium hexacyanoferrate
(II) trihydrate dinh mitc thanh 100 mL bing nudc
cit) vd 1 mL dung dich Carrez II (21,9 g Zinc
sulfate heptahydrate dinh mitc thainh 100 mL bing
nu6e cat) & két tia protein. Ly tim hdn hop véi
toc do 8000 vong/phit trong 5 phit & 20°C, sau d6
loc qua gidy loc phin dung dich dé loai bd tia
protein. Thém 10 mL ethyl acetate vio phian dung
dich loc thu dugc, 14c trong 30 phit va tiép tuc ly
tam v6i tdc do 8000 vong/phiit trong 5 phit & 20°C.
Thuc hién lip lai thém 10 mL ethyl acetate 1 1in
d6i v6i phan dung dich sau khi gan bé chat rin dé
loai bd hoan toan tap chit rin. Thdi kho phin dung
dich chi€t bing dong khi nito dén khi con lai
khodng 2 mL. Ti€p tuc lam sach dich chiét bing
cach chay qua cot C18 da dugc hoat hda biing 6 mL
ethyl acetate, 6 mL MeOH va 6 mL nuGc cat khit
ion. Thu hdi dung dich sau khi qua cot vao dng thily
tinh 20 mL va thi khd dung moi dusi dong khi
nito, sau d6 hoa tan cdc chat con lai bing 1 mL
dung moi ACN/HCOOH 0,2% (1/1, v/v)). Dung
dich cudi cuing dugc phan tich bing hé thdng
HPLC-MS/MS duéi céc diéu kién i uu dugc trinh
bay nhu trong Bang 1.

3.Két qua va ban luan

3.1. Tinh ddc hiéu ciia phuong phdp

b9 chinh xdc cuia phudng phdp phin tich
acrylamide trong mAu cd phé dugc ddnh gid qua
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Bdng 1. Théng s& vé@n hanh cla hé thdng HPLC-MS/MS phén
tich acrylamide trong méu ca phé

Thong so

HPLC- Agilent 1290 Infinity

Cot Agilent ZORBAX Eclipse Plus C18 (100 mm x

Céttach 2,1 mm,1,8 um) va inest sustaint C18 (50mm x 50
mm,4,6 um)

Nhiét do tach 30°C

T6c do dong 0,4 mL/min

Pha déng Nudc cét chuia 0,1% formic acid (A), methanol (B)

Chuong trinh dung

moi (%B, min)

initial, 20%; 100%; 3 phut, 100%; 6 phit, 80%: 9 phit

Thétichmautiém | 2L

MS-Agilent 6490 Triple Quad

Capillary (Vcap) 3500V (Positive)
Nhiét do khimang | 350°C

T6c do khi mang He, 11 L/min
Nebulizer 35 psi

Thé Nozzle 1500 V (Positive)
Thé RF 110-200 V (Positive)

céc thong s& nhu tinh dic hiéu, do
tuy€n tinh, gi6i han phat hién, do
ding va dd lip theo huéng din
dudc quy dinh trong céc tai licu ISO
17025: 2017, EC/657/2002, AOAC
2016, SANTE/11945/2015 8 11-13],
Phd sic ky dugc khdo sat & ché do
MRM véi tin hiéu manh phd thi
cip (ion con) clia acrylamide va
acrylamide-d3 1an lugt 1a 55 va 58.
Tin hiéu cdc manh ion thif cAp nay
c6 tin hiéu cao nhat va dudc ding
dé dinh lugng acrylamide va
acrylamide-d3 dugc thé hién trong
Hinh 1.

Manh ion thi cip ding dé xic
nhin tinh dic hiéu cla acrylamide
la manh ion 27 v§i ty 1€ tin hiéu ctia
manh dinh tinh (27) trén méanh dinh
lugng (58) 12 14.4%. Thong tin vé
ménh cdc manh ion thi cAp va ning
lugng cta qud trinh phidn manh
dugc trinh bay trong Bang 2.

Tinh dic hiéu cta phuong phap
dudc xdc dinh bing cach phan tich

Hinh 1: Mdnh th: ion thif cdp trong khéi phé cta acrylamide (a)
va chdt néi chu@n acrylamide-d3 (b).

Target Compound ACRYLAMIDE
+ MRM (72.1 -> 55.0) C5PPBS.d Smooth 72.1->55.0,72.1 ->27.0 ‘0 MRM (5.128-6.003 min) (72.1->**) C5P_..
2 x10 3 5.320 min. £ x10 3 Ratio = 14.4 (93.2 %) (£ x10 3
i 4 | 1.6 55.0
§ 35 é 35 3 6 -
34 (a) 3 | 1.4+ 3
2.5 2.5 ; "f i
2 2 i 0.8
1.5- 1.5 ? 0.6
1 14 0.4
0.5+ 0.5+ ; 0.2+ 721
T T T T T T T 1 e T T TA T T
4 S 6 7 4 5 6 1 40 50 60 70
Acquisition Time (min) Acquisition Time (min)| | Mass-to-Charge (m/z)
Target Compound ACRYLAMIDE IS
+ MRM (75.1 -> 58.0) C5PPBS.d 75.1 -> 58.0 + MRM (5.062-5.979 min, 91 scans) (75.1...
B %104 | 5.297 min. £ x104 | £ x1047]
3 32 14580
S .| (b) I A 4al
34 34 3
0.8
2 24 0.6
149 14 0.4
0 o+ 0.24 75..1
0 -5
T T T T T T T AT T T 1
4 5 6 7 4 4 5 6 60 65 70 75
Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (m/z)
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BAng 2. Thdng 6 van hanh clGa hé théng HPLC-MS/MS phén tich acrylamide trong méu ca phé

Chatphantich | Dwell(ms) | Fragmentor(V) | lonsocap(m/z) | Chuyén MRM (m/z) CE (V) CAV (V)
AA 100 60 72,1 72,1>55 9 7
AA 100 60 72,1 72,1>27 17 7
AAD3 100 60 75,1 75,1>58 5 7

mau tring va cic miu thém chuin
& ndng 100 pg/kg. Tin hiéu cdc ion
thtt cAp tuong Gng thu dudc cho
thay sy thay d6i rit rd rang khi c6
va khdng c6 chit chuidn (Hinh 2).

Hinh 2: Khéi phé trong xdc dinh dé ddc higu cua phuong
phdp: (a) Tin hiéu mdnh phé 55 cua mdu trdng (tréi) va méu
frang thém 100 pg/kg acrylamide (phdi); (b) Tin hiéu mdnh
phé 58 cia mdu trdng (tréi) vé méu trang thém 100 ug/kg
acrylamide-d3 (phdi)

Nhu két qud thu dugc trong

+ MRM (72.1 -> 55.0) BLANK2.d Smooth

+ MRM (72.1 -> 5§5.0) M+C100PPB_01.d...

Hinh 2, miu tring khong cho tin £ x102] 5438 i, £ x103- * 5.263 min.
hiéu tai thdi gian t = 5,26 phit d6i |8 s.25- - -
vGi manh ion 55 trong khi tin hiéu ) 72‘ 6
N ~ N P ] 5
nay thu dugc peak don 10 rang vGi 4.5 -
tai thoi gian luu nay doi v6i mau 4.25 3
tring thém ,chuéfn acrylamide e ]
(Hinh 2a). Két qua tuong ty thu 3.5 : _; el Wit
dugc d6i v6i chit ndi chuin 3 4 5 6 7 8 s 4 5 ® 7 8

acrylamide-d3, sy khac biét 1a rd

Acquisition Time (min) Acquisition Time (min)

rang gifta mau tring va miu thém
chuin khi bit tin hiéu cho manh

+ MRM (75.1 -> 58.0) BLANK2.d Smooth

(a)

+ MRM (75.1 -> 58.0) MAUBLANK.d Smo...

ion thit cap c6 khéi lugng 58 (Hinh £ x102 4.421 min. 2 x104 5.272 min.
2b). Nhitng két qua thu dugc trén |8 o~ 3 7
day ching t6 mot cach chic chin 1'4_ e
vé tinh dic hiéu cao trong phép : 0.6
dinh ludgng acrylamide trong ca e 0.4
phé bing phuong phap sic ky 16ng by 0.2-
ghép khdi phd. bt o
3.2. Gi6i han phdt hién va 3 4 5 6 7 8 3 4 5 6 7 8

khodng nong do tuyén tinh dinh

Acquisition Time (min) Acquisition Time (min)

lugng acrylamide trong mdu
ca phé

Gi6i han phat hién cta phuong phip (MDL)
dudgc xdc dinh biing cdch phan tich lip lai 6 1an miu
tring thém chuin & ndng dd thap khi con xuat hién
tin hiéu ctia chat phan tich véi ty 1& tin hiéu chia
trén nhiu nén S/N = 3 113, K&t qud thi nghiém thuc
t€ (Hinh 3), gidi han phét hién cta acrylamide 1a
MDL =30 pg/kg va MQL =100 ug/kg

Kiém tra hiéu suit thu hdi tai gid tri ctia gidi han
dinh lugng phuong phip (MQL) trong xic dinh
acrylamide trong mAu ca phé, két qui thu dugc
hiéu suat thu hdi tai MQL cho két qua tir 87,1-
97,8% v6i do tai lap RSDr < 3,53% , ching td gia
tri MQL thu dugc 1a tin cdy doi v6i phép phan tich
dinh lugng (theo AOAC 2016) '],

(b)

Khoang tuyén tinh ding dé dinh lugng doc t&
acrylamide trong miu ca phé dudc khio sit dua
trén phuong phap ndi chuin. Phuong trinh hdi quy
dugc xay dung la tuong quan gitta ty 1& dién tich
peak clia acrylamide so vdi dién tich peak clia chat
noi chudn acrylamide-d3 véi ty 1& ndng do tuong
ting. K&t qua thu dugc vé khodng tuyén tinh 100
dén 1000 pg/kg v6i hé s6 tuong quan (R?) 1a 0,999.

3.3. Higu sudt thu hoi, do ldp va do tdi lip ciia
phuong phdp

Do thu hdi va d6 lip lai clia phuong phip dudc
x4c nhan dua trén phan tich cic miu thém chuin &
3 miic ndng do thap, trung binh va cao. Hiéu suat
thu hdi & cdc mitc nong dd 100, 400, 800 pg/kg
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Hinh 3: Tin hiéu cia mdnh ion thii cdp 55 trong xdc dinh gidi han phét hién

va giéi han dinh Iigng cua phuong phdp

ACRYLAMIDE: +ES| MRM Frag=60.0V CID@3.0 (72.1 -> 55.0) M+C50PPB_01.d
x102 Noise (PeakToPeak) = 1141.2400; SNR (5.263min) = 3.8

1

ACRYLAMIDE: +ESI MRM Frag=60.0V CID@39.0 (72.1 -> 55.0) M+C50PPB_02.d
%102 Noise (PeakToPeak) = 1149.0201; SNR (5.258min) = 3.8

1

ACRYLAMIDE: +ESI MRM Frag=60.0V CID@39.0 (721 -> 55.0) M+C50PPB_03.d
x102 Noise (PeakToPeak) = 1014.8401; SNR (5.268min) = 4.2

1

ACRYLAMIDE: +ES| MRM Frag=60.0V CID@8.0 (72.1 -> 55.0) M+C50PPB_04.d
x102 Noise (PeakToPeak) = 955.3401; SNR (5.253min) =4.6

bt b o b b don o, docdo g e e beeete o d bl ] L L e

e s WY L S B e o N SN A SV

1 5| 1
.37
ACRYLAMIDE: +ESI MRM Frag=60.0V CID@8.0 (72.1 -> 55.0) M+C50PPB_05.d
%103 Noise (PeakToPesk) = 1227.0000; SNR (5.273min) =34
1 5273 1
4 82
ACRYLAMIDE: +ES| MRM Frag=60.0V CID@3.0 (72.1 -> 55.0) M+C50PPB_D6.d
%102 |Noise (PeakToPeak) = 1277.0801; SNR (5.289min) = 3.2
i 53 !
LB
!
M

Y Sy

P S’ SNy EE IS M SN RISV S S S

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6 62 64 66 68 7 72 74 76 78 & 82 84 86 88
Counts vs. Acquisition Time (min)

tuong ng thu dugc la 87,1, 94,9 va 95,4%
(Béang 3).

BAng 3. K&t qud khdo sat hiéu sudit thu héi, dé Iép lai,
dod tdi lép cla phén tich acrylamide trong ca phé

Hiéu suét thu hdi cho tit ci cic mic o o 0
ndng o thu duge cho gid tri tir 87,1-99.4%, th:;"fhi%n H (%) R?":é)@ R?E?z()k)
cdc gia tri nay dap tng tot doi v6i quy dinh
cta mot phuong phédp dinh lugng tudng ing 100 pg/kg 87,1-97,8 3,45 3,54
v6i khodng ndng do tir 100 pg/kg-1000 400 ughkg 94.9-98 6 11 121
pg/kg (80-110%). PO lap lai cha phuong
phdp dugc x4c dinh khi phan tich lip sdu 800 pg/kg 95,4-99.4 1,57 1,70

trén ba mau tring thém chuin & 3 mic
ndng dd 100, 400, 800 ug/kg. PO 1éch chuin tuong
doi (RSD) quan sit dugc tuong tng 1a 3,45%,
1,11%, 1,57%. K&t qua thu dugc tot hon nhiéu so
vGi quy dinh cia AOAC 2016 (RSD < 11%).

3.4. Ung dung phuong phdp trén phdn tich
mau thit

Phuong phip dudc ting dung d€ phan tich 31
mAu ca phé thuc t&. C4dc miu ca phé rang xay dudc
14y mAu thanh 2 nhém véi mic do rang vira phi va

396 $6 5 - Thang 3/2022

rang dam dé dinh gid mdc d6 hinh thanh
acrylamide theo mtic do rang. Cdc miu nay dudc
mua trén thi trudng vdi cdc nha sdn xuit khac nhau
dugc dong gbi diing quy cdch san pham cé thong tin
nhu loai ca phé rang, mifc rang, ki€u sd ché tir nha
s&n xut.

K&t qud phan tich thu dugc cho thay 23/31
mau (74,19%) c6 chita acrylamide vi nong do tr
97,33-560,48 ug/kg trong d6 6/31 miu vugt
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ngudng t6i da cho phép (< 400 pg/kg) chi€m
19,35%. S6 mAu phat hién acrylamide d6i véi ca
phé rang vira 12 9/17 mau chi€m 52,94%, trong d6
chi ¢6 1/17 miu vudt ngudng t6i da cho phép
chi€m 5,88 %. 100% cdc miu ca phé véi mitc do
rang dam (14/14) déu phdt hién acrylamide
v6i 35,71% s6 miu vudt qud ngudng tdi da cho
phép. Piéu nay cho thdy miic d6 rang 4nh hudng
tryc ti€p d€n ham lugng ddc t6 acrylamide trong
ca phé.

4. K&t luan

Phuong phap phan tich dinh lugng cé d chinh
xdc cao di dugc thim dinh va tng dung d€ phan
tich acrylamide trong cdc miu ca phé bing

HPLC-MS/MS véi chit ndi chuin 1a ddng phan
deuterium héa ctia acrylamide. Pudng hiéu chuin
thu dugc trong khodng khoang dinh lugng rong tir
100-1000 pg/kg c6 hé sd tuong quan rat cao (R? =
0,999) vé6i gi6i han phat hién phuong phdp 30
ug/kg. Nhitng thong s6 ndy cho phép phuong phap
ting dung trong pham vi ndng do rong va do nhay
cao. P ding va do tdi lip cla phuong phép tot
hon nhiéu so v6i yéu ciu cin thi€t ddi v6i mot
phuong phdp dinh lugng & ndng d6 ppb. Phuong
phdp di dudc tng dung d€ phan tich acrylamide
trong cdc miu thuc t& va c6 thé 4p dung trong
nghién cttu, dinh gid chit lugng vé sinh an toan
thy'c phdm d6i v6i cdc sdn pham ca phé m
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ABSTRACT:

In this study, the liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) method
was validated and applied to determine acrylamide in the coffee sample. Under the optimal
experimental conditions, the linear ranged from 1000 pg/L to 1000 pg/L with the method
detection limit (MDL) of 30 pg/L and the method recovery was from 87.1 % t6i 99.4%. The
relative standard deviations (RSD) for six repetitive experiments are lower than 3.54 % at
different acrylamide concentrations. These merits show that the method is well adapted for
quantitative analysis at trace concentration. This method was used to analyze some coffee
samples collected from Ho Chi Minh City. Results showed that 74.19% of samples were presented
with acrylamide in the concentration range from 97.33 to 560.48 ng/kg. 19.35% of samples were
over the maximum permission level of acrylamide in coffee. The observation also showed that the
deeper roasted coffee samples resulted in a higher contamination level of acrylamide. 100% of
sample coffee with deep roasted were detected acrylamide, and 35.71% of samples exceeded the
maximum permission level. This study shows that acrylamide contamination in roasted coffee is
severe and it is an urgent task to control the food safety of coffee.

Keywords: acrylamide, coffee, toxicology, HPLC-MS/MS.
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TINH CHAT CHUC NANG
VA CONG NGHE SAN XUAT CUA HMO

® MA BiCH NHU

TOM TAT:

Sita me 12 ngudn dinh dudng t6t nhi't d€ ddm bao sitc khde cho tré so sinh vi c6 ddy di dinh
dudng ciing nhu tit cd cdc thanh phin hoat tinh sinh hoc cin thi€t cho sy phét tri€n t8i uu trong
nhitng thing dAu ddi. Sita me chl y&u bao gdbm nudc, lactose, lipid va protein sita, trong d6 dic biét
giau carbohydrate phifc tap, dugc goi chung 1a oligosaccharides trong sita me (HMO). Bai viét
nhim trinh bay vé tinh chat, chifc ning cia HMO va quy trinh cdng nghé dé san xuat HMO.

T khéa: HMOs, oligosaccharides trong sita me, carbohydrate phic tap.

1. Giéi thi¢u vé HMO va vai tro cia HMO

Céc oligosaccharide trong stta me (HMO) la
loai dudng phiic hgp cé ty nhién trong sita me va
cung c&p nhiéu chifc niing c6 1gi cho tré so sinh. Sita
me chita hon 150 HMO khéc biét vé ciu tric, dugc
chia thanh 3 loai, nhu: trung tinh fucosyl héa, trung
tinh khong fucosyl hda va c6 tinh acid hoidc sialyl
héa. Cac HMO sialyl héa va 2-fucosyllactose (2-
FL) c6 tac dong dén su phat trién clia ndo va ning
luc hoc tap cua tré. Cic HMO khdc khong dugc
acid hoéa 1a chit nén uu tién cho cic vi khuin
bifidobacteria va HMO hoat ddng nhu mdi nhtt dé
ngin chian sy bam dinh cta cic mam bénh vi rit
hoic vi khuén vao cdc thu thé trén t& bao [1].

HMO chii y&u dugc xay dung tr 5 loai
monosaccharide (Hinh 1): D-glucose (Glc), D-
galactose (Gal), N-acetylglucosamine (GIcNAc),
L-fucose (Fuc), Acid sialic (N-acetylneuraminic
acid; NeuS5Ac). Biéu dd ctia monosaccharide theo
quy udc quic t€ cong nhan va duge biéu dién nhu
sau: HMO c¢6 chia lactose (Galb 1-4Glc) gidn gdc
fucose va/hoic acid sialic [2]. Mot phan 16n HMO
dugce hinh thanh 1a do su kéo dai cta lactose theo

ki€u mach thing hoic phin nhinh bdi 2 loai
disaccharide: lacto-N-biose (Galb1-3GIcNAc)
(Loai I) hodc N-acetyllactosamine (Galbl-
4GIcNAc) (Loai II), cdc ciu tric xuong sdng cot 16i
nay dugc gin vdi fucose va/hoic acid sialic - vi tri
fucosyl héa thay ddi giita cdc vi tri 2, 3 hoidc 4 trong
khi sialyl hda xay ra G vi tri 3 hodc 6 [3]. Ngay nay,
HMO dudc sdn xuit thuong mai ngay cang trd nén
phd bién, cdc chitc ning ciia HMO khién ching trd
nén cé tiém ning d€ cai thién sic khde va gidi
quyét tinh trang chifc ning clia tré sd sinh.

1.1. HMO la mét prebiotic trong siia me

HMO déng vai tro 1a chat nén trao di chit cho
cdc vi khuin chuyén biét nhu Bifidobacterium
longum subsp. G tré sd sinh. H&é qua la nhiing vi
khuin nay c6 1gi th€ sinh trudng va phat trién
manh. Cic vi khuin khic khong thé st dung HMO
dugc do d6 chiing khong phat trién tot hoic ngitng
phét trién. Nguyén nhan 1a dé st dung dugc HMO,
vi khudn doi hdi can c6 mot lugng 16n enzyme, chit
van chuyén va cdc phan tif khdc. Mot s nghién citu
cho thdy, nhitng HMO khac nhau dugc chuyén héa
bdi cic vi khuin khéc nhau.
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Hinh 1:. (@) Cdu tric chung va cdc kiéu lién két frong HMO (b) DS phong phu tudng déi
(biéu thi bdng ty Ié mol) cua HMO trong siia me.

HMOs
(@ at2 (b)
Building &3 Y Y Y Yﬁ
Blocks —
O ommitore
(26 ’ Core structure
FucA OGa'
B =4
GIcNAc Sialylation

Neutral Fucosylated
Neutral Core
Acidic Sialylated

N6i cach khic, khong phai tit cd HMO déu c6
nhitng sy thay ddi giong nhau vé thanh phin hay
hoat dong trong hé vi sinh vat ti€u héa. Cac hiéu
trng tién sinh hoc c6 thé 1a ciu tric cu thé va HMO
12 mot nhém glycan da dang vé cau tric [4]. Sita
me chifa glycoconjugates trong d6 cdc ciu tric
carbohydrate phifc tap gin & ddu khir d€ tao thanh
glycolipids, hodc dugc gin vao glycopeptides,
glycoproteins, glycosaminoglycans va mucins. Cac
chdt nay déu 1a glycan [4]. Vi thanh phin HMO
khéc nhau giita cc phu nif, nén ngudi ta c6 thé dua
ra gia thuyé&t sita ctia nhitng phu nit khic nhau 4nh
huéng khdc nhau dé€n hé mircobiome dudng rudt
clia tré so sinh. Piéu nay cho thdy, 4nh hudng d&n
k&t qué sitc khde ngdn han cla tré sd sinh, nhung
ciing c6 hau qua lau dai d6i véi tinh trang stic khoe
va nguy co gy bénh sau nay.

1.2. HMO déng vai tro nhu chdt chong dinh

Nhiéu mam bénh do virus, vi khuin hoic ky
sinh tring don bao cin bim vao bé mit t& bao
bi€u mo dé sinh s6i ndy nd, trong mot sd trudng
hdp c6 thé xAm nhap va gy bénh. Thong thudng,
chit gdn ban dau la trén bé mit t€ bao bi€u mod
(glycans) con dudc goi la glycocalyx. Trong khi
nhitng glycan nay dudc lién hgp vdi protein hodc
lipid va HMO gidng v6i mot s ciu tric glycan va
déng vai trd nhu cac thy thé c6 thé hoa tan ding ra
tru6c (mdi nhit) ngin chin sy lién k&t ca mam
bénh vdi cdc t&€ bao bi€u mo [1]. Cdc madm bénh
khong con kha ning bam trén bé mit t&€ bao dudgc
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nifa va sé€ bi ria tréi ra ngoai ma khong gy bénh
cho tré sd sinh [5].
1.3. HMO hoat dong nhu chét chong vi khudn

HMO c6 thé bdo vé tré so sinh khoi céc tdc
nhan gy bénh bing cich hoat ddong nhu prebiotics
cung cap cho vi khudn c6 1gi mdt Igi the phat trién
va bing c4dch déng vai trd nhu chidt chong 4n mon &
phuong dién tudng tac gitra vi sinh vat va vat cha
[5]. Ngoai ra, HMO c¢6 th€ c¢6 mot cich truc ti€p
hon @€ kiém soat mam bénh. Mot s& nghién cttu da
dua ra két ludn Streptococcus agalacticae khdng
con kha niing sinh s6i khi c6 HMO. Mot vi du dién
hinh, GBS la mét trong nhitng tic nhian gy bénh G
tré sd sinh hang dau 4nh hudng d&n khoang 1/2000
tré sd sinh § My [4]. GBS khu trd & dudng sinh duc
ciing 1am ting x4c sudt nhiém trung dudng ti€t niéu
(UTIs) & phu nit mang thai.

Mot s6 nghién cdu khi dwa GBS st dung
glycosyltransferase dé k&t hgp cic HMO cu thé
vao mang &€ bao cla ching, sau d6 ngin chin sy
ting sinh GBS gidng nhu mot s& khdng sinh ban
trén thi trudng. HMO khong chi c6 thé bdo vé khdi
cdc mam bénh do vi rit, vi khudn hoic dong vat
nguyén sinh. HAu hét cdc nghién cttu gan diy cho
thdy HMO ciing 4nh hudng dé&n tuong tic giita nAm
va vat chi. Mot thi du dién hinh, Candida albicans
12 mot loai nAm phd bi€n & rudt tré sd sinh, gy ra
phan 16n cdc bénh nAm xam nhap & tré sinh non va
c6 lién quan nhiéu dé&n cic rdi loan dudng rudt, de
doa tinh mang nhu viém rudt hoai tit va thing rudt
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[6]. Piéu tri bing HMO lam gidm ddng k€ sy xAm
nhip clia cic t&€ bao biéu mod rudt non § ngudvi
(pIEC) cua C. albicans theo cach phu thudc vao
liéu lugng.

1.4. HMO lam thay di phdn iing ctia biéu mo
va té’bao mién dich

HMO c6 thé khong chi tic dong truc ti€p dén vi
khuin ma con gidn ti€p bing cich thay ddi phin
ing clia t& bao chd. Mot s& nghién cifu da dua ra
két luan: “HMO c6 thé diéu chinh qud trinh chét
rung, ting sinh va biét hda clia t€ bao bi€u mod
rudt” [6], [7], “HMO ciling dugc chitng minh 1a lam
thay ddi bi€u hién gen clia t€ bao biéu mo rudt din
dén thay ddi glycocalyx bé mit t& bao [7]. Do d6,
HMO khong chi 4nh hudng dén su gin két ciia vi
khu#n - vat chd bing cdch dong vai tro 13 cic thu
thé€ hoa tan, ma con thay ddi su bi€u hién clia cdc
thu thé glycocalyx bing cach lap trinh lai t&€ bao
biéu mo.

2. Quy trinh cong nghé san xuat HMO

Ngay nay c6 nhiéu phuong phip d€ sin xuat
HMO. Tuy nhién, phudng phap tdng hop héa hoc
dang dan dudc chuyén sang sidn xuidt cong nghé
sinh hoc do chiing gitp sdn xuit s6 lugng 16n va gid
ca phit hop @€ bd sung vio cic sin phdm thuong
mai nhu sita bot va bot dinh dudng danh cho tré sg
sinh. Chinh vi vy, viéc thi€t k& va t8i uu héa nha
mdy sdn xult t& bao vi sinh vt va sdn xudt HMO
trong qué trinh 1én men cong nghiép d&€n qua trinh
tinh ché& cin thiét dé thu dugc sin phim cudi ciing
dang rat dugc quan tAm. Céc phuong phéap sdn xuit
HMO nhu'sau:

e Phan lap tir sita me d€ xac dinh cau triic va cho

cic ting dung R&D cd ban. Tuy nhién, cich ti&p
can nay khong phu hgp @€ san xuat HMO thuong
mai.

e Tdng hop héa hoc cho cic chuong trinh tién
lam sang va 1am sang d€ san xudt 2-FL va lacto-N-
neotetraose (LNnT) trén quy md 16n. Tuy nhién,
phuong phdp nay c6 quy trinh phic tap, nguyén li¢u
tho bi han ch& va c6 chi phi cao. Piéu nay di lam
cho qua trinh t8ng hgp héa hoc HMO trd nén dit dd
ddi véi cac ing dung sita va dinh dudng.

e Phuong phép sinh tdng hop cilia t& bao vi sinh
vat biing cdch ghép hai hodc nhiéu chat dong nhat
clia t&€ bao khic nhau, do d6 san xuét thanh cong s
lugng 16n hon LNnT va oligosaccharide fucosyl
hoéa.

e Phuong phap tdng hgp chemoenzym, trong d6
glycosyltransferase dugc bi€u hién tdi t8 hgp va
dudc st dung cling véi cdc chat nhan va cd chat cho
dudc kich hoat nucleotide phut hgp. N6 da dugc ap
dung d€ tao ra céc thu vién cia HMOs cho muc
dich nghién cttu va da dang vé ciu tric. Tuy nhién,
tong hdp héa chat khong thé cung cAp khdi lugng
thuong mai cia HMO phiic tap.

2.1. Quy trinh sdn xudt HMO tit E. coli [8]

San xuat HMO thdong qua qua trinh 1én men vi
sinh vat da dugc chitng minh 1a m6t con dudng kha
thi vao cudi nhitng ndm 90. Escherichia coli 1a vi
khuin dudc st dung phd bi€n nhu mdt cong cu
nghién citu, nhan ban va tinh phit hgp 16 rang nén
dugc nghién cttu @€ thuc hién san xuidt HMO trong
thuong mai. Dudi day 1a sd dd vi khudn E. coli sin
xudt HMOs 2-FL va difucosyllactose (DFL) tir
sucrose va lactose. (Hinh 2)

Hinh 2: S0 dé vi khudn E. coli sén xuét HMOs 2-FL va difucosyllactose (DFL) i sucrose va lactose

LEGEND
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Mannose (Man) : (€] t Sl Neutral Core
Sucrose (Suc) | Sucrose Suc-6-P Fru-6p Man-6P GOP-Fuc | : G“"A Acidic Sialyl

H ylated
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Nguén: Tdc gid téng hop
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e Cic y&u t6 4nh hudng dén qua trinh sinh
tong hdp HMO tir vi sinh vat

+ Cdc nguyén liéu thd & dau vao dugce chuin
bi va khi tring & quy md cong nghiép. Sugar
ngudn bd sung ngoai sinh 13 lactose: sit dung
lactose nhu 13 co chdt cho viéc sdn sinh HMO.
Hién nay, qué trinh 1én men dé sin xudt HMO
nhd ngudn lactose tif bén ngoadi cung cap.
Lactose bi phin cit a-galactosidase dugc ma
héa bdi gen lacZ & vi khudn E.coli, khdng sinh ra
san phdm phu difucosyllactose (DFL), tinh 6n
dinh cao.

+ Céc y&u td bén trong ndi bao lién quan sy
hoat dbéng cua sugar-nucleotide donor. Céc
sugar-nucleotide donor, gitip vi sinh vat hip thu
hiéu qué lactose d€ san xuat HMO.

+ Hoat dong va tinh dic hiéu cha sugar
transferases. Nhitng core enzymes cia HMO 1a &
giai doan nay. Chuyén tir sugar nucleotide thanh
lactose hoac HMO. Nhitng phan Gng dugc xtc
tic b3i enzyme cho phép vi sinh vit ting trudng
va sinh sén, duy tri cAu tric ban than va ddp tng
moi trudng xung quanh.

+ Ngudn carbohydrate dudc thém vao dudgc
chuén bi va khi¥ tring & quy mo6 cong nghiép dé
tranh tap nhiém cho chling vi sinh vat. Trong qué
trinh sdn xudt HMO mdi ngudn carbon cé uu
nhugc diém riéng. Sucrose 12 lta chon ot vé gi,
kha ning hoa tan, tinh 8n dinh héa hoc, tuy nhién
E.coli phéi tdi tao lai con dudng trao ddi chat.
Glucose va glycerol d& dang chuyén héa bdi E.
Coli nhung glucose tao ra sin phaAm phu khong
mong mudn trong qud trinh khit tring béing nhiét.
Gi4 thanh glycerol dit so véi glucose. Ngudn
carbon dau vao ciing phai ddp Gng su phit hop cla
chiing vi sinh vat, ngudn oxy bi van chuyén trong
qué trinh 1én men ciing gay bt 1i cho chuyén hda
ky khi. o) giai doan nay, ning lugng tir cic hgp chat
hitu co, glucose, fructose sau khi tham gia dudng
phan s& dudc chuyén héa thanh acetyl coA thong
qua qu4 trinh hi€u khi va di vao chu trinh acid citric,
san phdm quan trong cta chu trinh nay 12 NADH
dugc tao thainh NAD+ d€ ti€p tuc st dung cho 1an
dudng phan ti€p theo.

2.2. So do khoi (Hinh 3)

0 giai doan moi trudng cAn dudc tiét tring va
hoa tan truc ti€p vao lactose, bdi lactose c6 do hoa
tan thAp va dé bi dong héa thanh lactulose. Cic
thong s6 cong nghé nhu pH, nhiét do, ndng do O,,

402 $6 5 - Thang 3/2022

Hinh 3: So dé quy trinh céng nghé sén xudt
HMO tu E.coli

Nguén: Tdc gid tong hop

ndng do co chit cho tdi wu vi sinh vat can dudc quan
tam. Budc k& ti€p, qua trinh 1én men lactose d€ sin
xuat ra HMO st dung E.Coli. E.Coli c6 thé dong
héa lactose thdong qua cdc enzyme lactose
permease (lac Y) va b-galactosidase (lacZ), nhung
trong sdn xudt HMO sy thdy phin ndi bao cla
lactose thanh glucose va galactose bdi b-
galactosidase cin dugc gidm ti thi€u dé dat hiéu
qua trong tong hop 20-FL va cic HMO khédc. Su
biéu hién clia transferase va ky thuit enzyme trong
qua trinh 1én men 1a nhd sy biéu hién cia
transferase va k§ thuit enzyme. Enzyme chuyén
héa cic nucleotide dudng thanh 2- FL la 4-1,2-
fucosyltransferase wcfB. Emzyme cho t6¢ do hinh
thanh 2 - FL cao va khdng sinh ra sin phdm phu
difucosyllactose (DFL).
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Céc y&u t6 anh hudng dén qu4 trinh 1én men
nhu: tdc do 0,, ngu6n carbon, d6 pH, sy hinh
thanh va tdi ddng héa cdc sdn phaAm chuyén héa,
moi trudng thay ddi nhanh, ndng do cd chi't gidm
nhanh, tinh 6n dinh ctia vi sinh vat, tdc dd bd sung
ngudn carbon phdi phii hgp véi tinh chat sinh ly
clia vi sinh vat, khd niing cung cip O, clda thiét bi
1én men cin phdi ki€m soat d€ tranh hién tugng
chuyén héa ngudc va 1én men ky khi c6 hai, thanh
phin y&u t6 vi lugng clia mdi trudng gidp phin
hily cdc chit chuyén héa giy tc ch& nhu acid
formic [9]. Budc theo sau, tdch sinh khdi va tap
chat. T4ch sinh khoi dé thu pha 1dng va tich cic
cdu tif 10 ldng trong pha 16ng nhu protein,
lipopolysaccharide, acid nucleic va cdc phan t&
khdc. Phuong phdp st dung & giai doan nay la ly
tam, vi loc, siéu loc va loc nano. Ngoai ra, cin
loai bé ion ra khdi pha 16ng bing phuong phip
dién phan va nhuya trao d6i ion. Khit mau st dung
phuong phép thang hoat tinh va chat hdp phu tong
hgp. Sau d6, tinh sach sin phdm bing sit dung
phuong phdp sic ky va két tinh. Ti€p theo, tao
hinh sdn phim, st dung cdc phuong phap nhu sdy,
sy phun va tao hat. Giai doan cudi cling, 1a d6ng
26i va bdo quin sin phdm.

3. Nhitng thiach thic trong san xuat HMO
hién nay

Nhd sy phat trién linh vic cong nghé sinh hoc,
ky thuat enzyme da gidi quyé&t dugc bai toan kinh t&€
trong viéc sdn xuat HMO, so sdnh véi phuong phap

Loicam on:

tong hop bing héa hoc hoic chemoenzymatic.
Phuong phap 1én men it tn kém va c¢6 thé mé rong
quy md san xudt HMO vi s§ lugng 16n bd sung vao
stra cong thdc tré nhd. Tuy nhién, trong qué trinh
san xudt HMO thuong mai, doi hoéi phdi x@ ly
nghiém ngit tif qui trinh diu vao clia ngudn dinh
dudng va quy trinh tinh sach HMO. Ngay nay, cic
HMO dudc san xuat theo phuong phdp héa hoc va
1én men nhu tong hgp 2-FL, LNnT dugc sy gidm sdt
clia cd quan thuc phadm va dugc phdm Hoa Ky. Pic
diém ndi bat cia ch€ phdm 1én men vi sinh 14 tinh
kh3 thi clia viéc md rong vé quy mo kinh t&€ va sin
Xuit vdi quy mo 16n. Mic du tinh sach, nhung HMO
tif khdi lugng 16n c6 thé sé thach thifc nha sin xuat
néu ndng dd HMO qua thidp. Vi vay, ning suit
HMO phai dat dudc chi ti€u cao hon, phit hgp san
xuit & quy mo cdng nghiép.

4. K&t luan

Nhitng tién bd trong cdng nghé sin xuit
oligosaccharide, tdch chi€t va tinh sach di cung cap
cd hdi cho nghién citu 1¢i ich tiém niang ctia HMO.
Hdn hgp HMO dugc phan tich tir sita me c6 cdng
thitc 2-FL va tdng hgp HMO biing phuong phap 1én
men thong qua qud trinh k§ thudt sinh hoc da tdng
hdp va phan tdch sdn xudt HMO tuong tu sita me,
v6i quy mo 16n dudc sdn xuat trong cong nghiép.
Diéu nay dd mé& dudng cho viéc phat trién cdc sin
ph4m b& sung c6 chita 2-FL vio san phdm sita cong
thitc ctia tré nhd va cdi thién tinh trang dinh dudng
cho tré sg sinh ®

Nghién citu dugc tai trg béi Tap doan Vingroup - Cong ty Cé phdn va hé tro béi Chuong trinh hoc
bong Thac si, Tién si trong nudc ciia Quy Ddi mdi sdang tao Vingroup (VINIF), Vién Nghién citu Dit li¢u

lén, ma s6' [VINIF.202.TS130. M@ Bich Nhu].

Tdc gia tréan trong giti 1oi cdm on dén Truong Dai hoc Vin Lang dé cung cdp ngan sdach cho nghién

citu nay.
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ABSTRACT:

Breast milk is the best nourishment source for an infant because it provides full nutrition as
well as all of the bioactive compounds needed for healthy growth throughout the first few months
of life.Breast milk is primarily made up of water, lactose, lipids, and milk proteins, with a high
concentration of complex carbohydrates known as human milk oligosaccharides (HMO). HMO
serves a variety of biological functions in the body. This paper is to present the function of HMOs
and the technological process to produce HMO in dairy products.

Keywords: HMO, human milk oligosaccharides, complex carbohydrates.
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