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SUMMARY

SIMULTANEOUS DETERMINATION OF PRODUCTS HYDROLYSIS
GAMMA ORYZANOL BY HIGHPERFORMANCE LIQUID
CHROMATOGRAPHY

In this study, we investigated the preparation of ferulic acid, one of potential antioxidants
which is widely used in the pharmaceutical industry, and cosmetics, from the hydrolysis of
gamma oryzanol (y-oryzanol), compounds containing by-product of rice bran oil
processing. In alkaline solution using co-solvent, y-oryzanol hydrolysis reaction has been
studied and examined in terms of the different rates of alkaline catalysts, temperature, and
ultrasonic (20 kHz). We investigated suitable analysis conditions to simultaneously
analyze the product of the y-oryzanol hydrolysis reaction, optimized hydrolysis conditions
to obtain high efficiency. In heat treatment condition, with the intial concentration of y-
oryzanol of 6 mg/mL, and KOH/ y-oryzanol ratio is 20:1 (wt/wt), the reaction at 75 °C got
the efficiency of 83.3%. Meanwhile, at 60 °C using the ultrasonic assistance (20 kHz, 180
W), the efficiency was reached up to 93.3% in just 2.5 hours. The aim of this work is to
make a basic data for the ferulic acid production research process from soapstock, a
byproduct that has high y-oryzanol concentration.
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1. MO PAU ) bag thuc vat, 13 mot chat chéng oxi hoa,
Axit ferulic (FA) la mét hop chat chong ung thu; ngoai ra n6 con c6 kha
phenolic pho bién trong thanh phan té nang hap thu tia UV, gidm cholesterol

119



trong mau. Ngay nay, FA dugc str dung
pho bién trong nganh cong nghiép my
pham, lam chat phy gia thuc pham va
ngay cang dugc nghién ctru ung dung
rong rii trong linh vuc y té. Nhu ching
ta da biét, cac hop chét nitrit thudng
duoc st dung lam phu gia trong thuc
phim dé gitr mau va ngin ngira sy phat
trién ctia cac vi sinh vat, tuy nhién trong
moi truong axit cia da day, nitrit s€ phan
tmg v6i cac hop chat khac sinh ra
nitrosamine, 13 mot chat co kha ning gay
ung thu. FA c6 thé khoa phan Gmg hinh
thanh nitrosamine, do d6 ngan ngua
nguy co gay ung thu [1]. Bén canh do,
FA con c6 kha nang ngan ngura cac bénh
vé tim mach (cardiovascular disease),
bénh dai duong (diabetes), bénh
Alzheimer, chong ung thu dai trang
(colon disease), giam cholesterol trong
huyét tuong [2-9].

FA 1an déu tién duogc tong hop vao nim
1925, tuy nhién cac hoat tinh sinh hoc
cua no chi dugc nhan ra tur nhitng thap
ky 70 khi mot nha khoa hoc ngudi Nhat
kham phd ra tinh chit chéng oxi hoa
clia cac este ferulat chiét ra tir diu cam
gao. Kha ning chdng oxy hoa cia hop
chat nay duoc giai thich do ciu tao nhin
thom gan v6i ndi d6i lién hop, do do dé
dang tao ra gbc phenoxy tu do bén do
hiéu trng cong huong.
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Hinh 1. Cdc dang bén ciia goc tw do axit
ferulic
Khi gdc tu do tan cong axit ferulic, nd
s& dé& dang lay di mot nguyén tr H va
do d6 hinh thanh nén géc ty do bén cua
FA (Hinhl). Géc tu do nay duoc lam
bén do hiéu tng cong hudng, cip
electron chua phan chia khong chi khu
tru tai nguyén tir oxy ma n6 dugc phan
bb déu trén toan bd phan tir. Ngoai ra,
gbe ty do nay con duoc 1am bén boi

120

hiéu tng lién hop gy ra bdi nhom thé —
CH=C-COOH ¢ vi tri dbi xtmg voi
nguyén tir oxy chtra cip electron. Goc
tw do bén cua FA rat kém hoat dong va
khong c6 kha niang khoi mao chudi
phan tng khéac [10], do d6 FA la mot
tac nhan chdng oxy hoa rat hiéu qua.
Trong nhirng thép ky dau tién cua thé
ky 20, FA dugc tong hop bing phan
ung gitra vanillin voi axit malonic véi
hiéu suit kha cao nhung mat dén 3 tuan
dé phan tng hoan thanh, hon nira, san
pham 13 mot hdn hop giita 2 dang dong
phan trans- va cis- cia FA trong khi do
chi c6 trans- ton tai & dang tinh thé la
dang dong phan dugc thwong mai hoa.
FA 13 mot hop chat phenolic ton tai phd
bién trong thuc phém, vi du nhu cac
loai hoa qua cam quit, chudi, ca tim, cai
bap, cu cai duong, béng cai xanh, ca
phé [10,11], cam ngd, cam gao, cay
lanh (flax shives), laa mi (wheat) [12],
rom [13], cdy duong quy (Radix
Angelicae sinensis) [14], cdy xuyén
khung (ligusticum chuanxiong) [3].
Trong céac loai hat ngii cc, FA thudng
nam trong cac lop cam, bén canh do,
FA ciing xuét hién phd bién dudi dang
cac este, mot trong nhitng dang este phd
bién nhét cua FA 1a steryl ferulat, duoc
phat hién dau tién vao nim 1954 trong
dau cam gao. Do este nay dugc phin
lap tir ddu cam gao (Orysae Sativa L.)
va c¢6 chira nhém hydroxyl trong céu
trac nén nd thuong dugc goi la
oryzanol, trong d6 y-oryzanol la loai
déng phan phé bién nhat [10].

R4t nhiéu phuong phap khac nhau duoc
st dung dé diéu ché FA, trong do
phuong phap thuy phan trong moi
truong kiém véi su hd trg cua song siéu
am hodc vi song dugc dung kha phd
bién [2,3,6,12,15,16]. Phuong phép
chiét FA va cac hop chit phenolic khac
stt dung phan ung thuy phan két hop
v6i 4p sudt cao ciing di dugc nghién
ctru va dua ra dugc nhitng két qua kha



kha quan [12]. Nhin chung, cac nghién
ciru vé tach chiét, thu hdi FA tir cac
ngudn nguyén liéu ddu vao khac nhau
déu c6 mot diém chung do6 1a st dung
qué trinh thuy phan trong moéi truong
kiém, tuy timg nguyén liéu khac nhau
ma diéu kién phan tng s& khac nhau.
Muc dich ctia qué trinh nay mét phan
chinh 13 dé pha v& ma trén hitu co ¢
chira cac lipit va axit béo tu do trong
cac nguyén liéu dau vao (cac loai thuc
vat, ngt céc); mat khac chinh 1a tan
dung su thuy phan cua cidc hop chét
ferulat, este cua axit ferulic c6 trong céac
nguyén lidu dau vao dé diéu ché FA véi
hiéu sudt cao. Mic du c6 nhiéu nghién
ctru vé qua trinh tach chiét FA tir cac
ngudn nguyén lidu khac nhau, nhung
FA thu dugc sau cac phan ung thuy
phan bao gdm ca FA tu do va FA lién
két. Bén canh d6, cac nghién ctu diéu
ché FA tir cac san pham phu trong cac
quy trinh san xudt cong nghiép ciing
duoc quan tam, dién hinh 14 thu hdi FA
va y-oryzanol tir quy trinh san xudt dau
cam gao [17,18] dugc trinh bay dudi
dang patent. Tuy nhién, ban chat va cac
yéu t6 anh hudng cua phan tng thay
phan y-oryzanol trong san phim phu dé
tao thanh FA thi chua c6 nghién ctu
nao dé cap mot cach cu thé. Trong khi
do6, y-oryzanol c¢6 thé noi 1a mot thanh
phan dic biét trong cam gao, ma hau
nhu ko tim thiy trong cac loai ngii cbe
khac. Sy ddi dao cia ngudn cam gao tai
Viét Nam, cling nhu su ra doi cua nha
may ché bién dau cam gao tai Can Tho
(Cong ty TNHH Wilmar Agro Viét
Nam), véi ngudn san phdm phu
soapstock rat 16n va chua duoc khai
thac triét dé. Theo cac nghién ctru trude
[19], 96% vy-oryzanol trong cam gao bi
chuyen hoa vao soapstock, dan dén sy
mat mat cac hop chat co gia tri trong
dau cam gao. Vi€c tan dung va t6i uu
hoa san pham phu nay 1a diéu hét stc
can thiét, va co y nghia thiét thuc d6i
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véi mot dat nude xuit khau gao nhu
Viét Nam.

Nhim thuc hién muc tiéu do, trong bai
bao nay, chung t6i trinh bay phuong
phap thuy phan y-oryzanol trong hé
ddng dung moi, dé thu duoc axit ferulic
v6i hiéu suét cao, dong thdi nghién ctu
phuong phap phan tich dinh lugong cac
san phim cua phan tng thay phan y-
oryzanol. Nghién ctru nay s€ lam tlen deé
cho cac nghién ctru tiép theo vé& viée
diéu ché axit ferulic tir cac san phim
phu c6 chira y-oryzanol, vi du nhu dau
kiém thai (soapstock) — mot san pham
phu ctia nganh ché bién dau cam gao.
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Hinh 2. So' d6 phan ieng thity phédn y-
oryzanol

2. THUC NGHIEM
2.1. Héa chét va thiét bj
Chat chuan axit ferulic, y-oryzanol,
ethyl ferulat (Sigma Aldrich, M¥) c6 do
tinh khiét trén 99%. Cac dung méi hiru
co: etanol (EtOH), Etyl axetat (EtOAc),
Ethyl ete, axeton, tetrahydrofuran, iso-
propanol, n-hexan déu 1a hang chuin
phan tich dugc mua tir Merck, Puc. Cac
dung moi chuidn HPLC dé chay sic ky
long bao gém: Acetonitrile, MeOH, va
H,O0 ciling dugc mua tir Merck, Drrc.
Thiét bi siéu am dugc sir dung 1a may
siéu Am tan sb 20 kHz, Branson Sonifier
450. Cong suat ctia may siéu am Kaijo
duogc cai dat & 50 W va 180 W. Nhiét
d6 dugc diéu khién thiét bj diu nhiét
SANSYO SDT-04 P.
2.2. Phwong phap dinh luwgng
Axit ferulic, y-oryzanol va etyl ferulat
dugc phan tich bang sic ky long cao ap
pha ddo HPLC Model GL-7480 (GL
Science Inc., Tokyo, Japan), st dung
detector PDA (GL-7452, GL Science
Inc., Tokyo, Japan), bd ldy miu tu dong
(GL-7420, GL Science Inc., Tokyo,



Japan), va st dung cdt Inertsil ODS-3
Cis (4,6 mm x 250 mm, film thickness 5
um) (GL Science, Tokyo, Japan). Hai
phuong phap phan tich dugc st dung
nhu sau:
Phuwong phap A:
Phuong phap phan tich sit dung ché do
gradient v6oi hai pha dong la dung dich
axit HyPOy4 0,283% (pha A) c6 pH nim
trong khoang 3 - 4, va pha B 1a ACN.
Ché d6 gradient nhu sau: gitr cho ti 1&
pha B/A 1a 25 : 75 tai thoi diém 0-10
phat, va gradient t6i 100 : 0 trong thoi
gian la 5 phut; gitr tlep trong 20 pht,
16i tiép tuc gradient v& ti 1€ 25 : 75
trong 5 phat; tbc do dong la 0,8
ml/phit. Téng thoi gian chay mau 1a 40
phut.
Phwong phap B:
Phuong phap phan tich sit dung ché do
gradient v6i hai pha dong la dung dich
axit HyPOy4 0,283% (pha A) c6 pH nim
trong khoang 3 - 4, va pha B 1a hon hop
MeOH : ACN (1:1). Ché d6 gradient
nhu sau: gitr cho ti 1¢ pha B/A 1a 30 : 70
tai thoi diém 0 phut, va gradient t6i 100
: 0 trong thoi gian la 15 phut; gitr tlep
trong 25 phut, rdi tiép tuc gradient vé ti
1€ 70 : 30 trong 5 phut, 30 : 70 trong 5
phut va giir trong 5 phut; tc d6 dong 1a
0,8 ml/phit. Tong thoi gian chay mau 1a
55 phut.
Budc song hép thu cuc dai cua ca ba
chat axit ferulic, etyl ferulat va y-
oryzanol déu duoc dat tai 325 nm. Néng
dd cua cac chit dugc tinh dua trén
dudng chudn tuong Gmg véi hé (R?) déu
dat trén 0,999. Hiéu suat hinh thanh axit
ferulic dugc tinh dya trén phuong trinh

sau:
Néng a6 KA (ppm)+ 3,1

=— — *100%
Ning df FA (ppm)+3,14ndng d y-oryzanol (ppm)

2.3. Phwong phap thuc hién phan @ng
thity phan trong hé dong dung méi,
két hop sir dung song siéu Am

Céach tao hon hop phan tng véi cac ti 1&
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kiém/ y-oryzanol khac nhau bing cach
thay d6i nong d6 dung dich KOH dwoc
thé hién ¢ bang 1, trong cic binh
Erlenmeyer 250 ml c¢6 ndp vin kin, sau
do dat cac binh phan tng vao bé didu
nhiét, ¢6 dinh binh va khudy trong
khoang thoi gian 30, 60, 90, 120, 150,
180 phut, tai nhiét do tir 30 dén 75 °C
(nhiét d6 khao sat phai thp hon nhiét
do soi ciia cac dung moéi). Sau mdi 30
phut phan tng, 100 pl dung dich phan
tmg duoc 1ay ra, thém 100 pl axit axetic
dic (dé dung phan tng thuy phan lai),
300 pl EtOH (dé hoa tan ferulic néu tao
thanh), sau do phan tich dinh luong y-
oryzanol va FA bang HPLC.

Bang 1. Cach tao hon hop phan ing
dong nhat voi cac ti Ié kiém/oryzanol

khac nhau
KOHZ Vv-orvzanol
y-oryzanol (mL)  |Vgon (mL)|Vkon (mL)
(wt/wt)
4 (48 8 (480
20 mg/mL) 20 mg/mL)
4 (48 8 (384
16 mg/mL) 20 mg/mL)
4 (48 8 (240
10 mg/mL) 20 mg/mL)
4 (48 8 (192
8 mg/mL) 20 mg/mL)

Pé khao sat anh huong cua nhiét do dén
hiéu suét tao axit ferulic, ching t61 chon
ti 16 kiém/oryzanol cao nhat 1a 20:1
(wt/wt), nong dd oryzanol trong hdn
hop phan ng 1a 6 mg/mL v&i cac nhiét
do khao sat 1a: 30, 40, 50, 60, 75 °C.

3. KET QUA VA THAO LUAN

3.1. Phuong phap phén tich va phd UV-
VIS ciia cac hop chit tai buéc song 325
nm

Trong qua trinh thyc hi€n phan ng
thiy phan, ethyl ferulat 1a mot hop chat
trung gian hinh thanh qua phan wng
trans-este hoa (tramesterification). Cac
phan rng xay ra nhu sau:

RCOOR’ + KOH — RCOOK + R’OH



(1)
RCOOR’ + C,HsOH — RCOOC,H; +

R’OH (2)

RCOOC;Hs + KOH — RCOOK +
C,HsOH (3)

RCOOK + CH3COOH — CH3;COOK +
RCOOH (4)

Trong do:

- RCOOR’ 1a oryzanol

- RCOOK la Kali ferulat,

- R’OH gbc ruou clia y-oryzanol,

- RCOOC;Hs la etyl ferulat,

- RCOOH Ia axit ferulic.

Axit ferulic acid, etyl ferulat va vy-
oryzanol déu c6 budc song hap thu cuc
dai tai 325 nm, va phé cua ching duogc
ghi nhan bang detecto PDA. Mau sau
khi xtur 1y theo muc 2.3, dugc ti€ém vao
may sic ky 1ong cao ap (10 pl), va ap
dung 02 phuong phap phan tich nhu
trinh bay tai muc 2.2.

Dbi véi phuwong phap phan tich A, axit
ferulic acid, etyl ferulate lAn luot xuét
hién véi thoi gian Iuu tuwong ung 1a 2,5;
9,1 phut, trong khi d6 vy-oryzanol la
mot nhom cac ester cua axit ferulic xuét
hién 13 mot nhém céac pic tir 27,5 dén
33 phut nhu Hinh la. Trong khi d6, d6i
voi1 phuong phéap phan tich B, axit
ferulic acid, etyl ferulate lAn luot xuét
hién v6i thoi gian Tuu cham hon 1a 9,2;
14,2 phat, va y-oryzanol xuét hién rd
rang v6i bdn pic véi do phan tach rd rét
tir 32 dén 45 phat nhu Hinh 1b.

V&1 phuong phap A, viéc gitt cho ti 1€
pha B/A 1a 25 : 75 trong thoi gian 10
phat nham rta giai axit ferulic va etyl
ferulate ra khoi cot, sau do gradient toi
100 : 0 dé ting pha dong 1én ti 1& 100%
ACN véi muyc dich tiép tuc rira giai y-
oryzanol, hop chat kém phén cuc va cé
khéi lwong phan tir 16n hon. Do y-
oryzanol 13 mot nhom céc cht-cac este
cua axit ferulic, nén viéc xay dung
duong chuin hay tinh toan hiéu suét
déu dua trén viéc tinh téng dién tich pic
ctia cac chat. Tuy nhién, néu c6 thé tim
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duoc mét phuong phap phan tich khac
v6i pha dong va ché do gradient khac
nhim tach rd rang cac chat trong y-
oryzanol thanh cac pic riéng biét, thi
chung ta c6 thé khao sat duoc qua trinh
thiy phan clia ting ester trong hon hop
y-oryzanol, trong diéu kién chung ta co
day du cac chat chuan riéng biét cua cac
ester nay. Trong mdt nghién ctru trudc
cua tac gia [20] da chi ra cac pic cua
oryzanol trong sic ky long pha dao voi
diéu kién tuong tu, c6 thir ty nhu sau:
cycloartenyl  ferulate  (Or;), 24-
methylene cycloartanyl ferulate (Or),
campesteryl ferulate (Ors) and sitosteryl
ferulate (Or4) nhu mo ta trong hinh 1b.
Trén thuc té, chua c6 mot nghién ctu
nao mé ta phuong phap phan tich
HPLC cho hdn hop phan tng thily phan
bao gdm axit ferulic, etyl ferulat va y-
oryzanol, tuy nhién, phuong phap phan
tich riéng ré vy-oryzanol va axit ferulic
da duogc bao cdo nhu trinh bay tai Bang
2.
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Hinh 3. Phé UV-VIS tai bude séng 325
nm cua phan wng thuy phan
a) Phuwong phap phan tich A
b) Phwong phap phan tich B
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Hinh 4. Sy hinh thanh etyl ferulate
trong qua trinh phan ung

Dua vao két qua trén Hinh 4, ching ta
thiy san phdm trung gian etyl ferulat
hau nhu anh hudng khéng dang ké dén
hiéu sudt cta phan tng thily phan. Sau
3h phan tng, hiéu suat tao etyl ferulat
chi con lai khoang 2%. Hau hét etyl
ferulat da bi thuy phan thanh axit ferulic
nhu ching ta thay trén Hinh 1b.

Bdng 2. Mot s6 phurong phdp phan tich

da nghién ciru

TLTK Diéu kién phan tich
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Cot: Zorbax SB-C18 (5 pum, 3 x 250
mm) column.

Pha déng: H;PO4 (50 uM) : MeOH
(95:5 dén 45:55, v/v) tir 0 dén 51 phut,
gradient (45:55 dén 0:100 v/v) trong
20 phut tiép theo, giir 8 phit, gradient
vé 95:5 trong 5 phut tiép theo, giit 10

) phut.
[12] Toc d6 dong: 1 mL/phut.
:: D Ferulic acid
5
2% p-Coumaric
Vanillin acld
0 T Pt T - T T

TLTK Diéu kién phan tich

Cot: Poroshell120 EC-C18, 3,0x150
mm, 2,7um (Agilent Technologies,
USA).

Pha dong: ACN: MeOH (60:40, v/v)
trong 5 phut, gradient (65:35, v/v)
trong 20 phut.

Téc do dong: 0,8 mL/phut.

[20] !
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Cot: Cosmosil 5C18-AR-II (250 x 4.6
mm; Sum).
[21] Pha dong: H,O (pH =3) : ACN (75:25,

v/v) trong 5 phut, gradient (65:35, v/v)
_ trong 20 phut.
Toc d6 dong: 0,8 mL/phut.

3.2. Phian tng thiy phan trong hé
dong dung méi

Pé thuc hién phan tGng thiy phan y-
oryzanol st dung xuc tac kiém KOH
(kiém trong dung moéi H,0), can thiét
phai chon dugc dung moi dé tao thanh
hén hop dbéng nhdt giita y-
oryzanol/EtOAc va dung dich kiém. Vi
kiém KOH dugc hoa tan trong nudc, do
d6 can thiét phai st dung dong dung
moéi dé tron 1an dung dich y-
oryzanol/EtOAc va KOH/H,O. EtOH
v6oi nhi¢t do s61 78 °C hoan toan phu
hop dé thuc hién vai tro nay, gitp tao
thanh hén hop phan tng (y-oryzanol +
KOH) hoan toan ddng nhit, phan tmg
c6 thé duoc tién hanh tai nhiét do cao
nhat 1a 75 °C.

Xét v& mat cdu trac thi y-oryzanol 1a
mot hop chit rat khé bi thay phan do
cac nhom thé dang cholesterol 13 nhom
thé 16n (Hinh 1.5), gy nén hiéu ung




khong gian, m0t mat can trd cac tac
nhan hoa hoc tan cong nhom chuec este,
mat khac hiéu ung khong gian s€ lam
mat tinh phing trong hé lién hop, do do
phan ung thay phan y-oryzanol khong
tuan theo ty 1€ hop thirc trén trén ly
thuyét. Do vdy, chung toi tién hanh
khao sat phan ng thuy phan véi ti 1€
KOH/ y-oryzanol twong dbi cao, tir 8:1
dén 20:1 (wt/wt).

3.21. Anh hwéng cia # I¢
kiém/oryzanol téi higu sudt thiy phin
bay la mot trong nhiing ycu t6 _quan
trong nhat anh huong dén hiéu suét cua
phan Ung thuy phan. Chon nhiét do
phan tng ¢ dinh tai 60 °C; thay doi ti
1é kiém/y-oryzanol tir 8:1; 10:1; 16:1;
20:1 dé nghién ctru sy tao thanh ctia FA
trong cac khoang thoi gian khac nhau
30, 60, 90, 120, 150 va 180 phut.
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Hinh 6. Anh hwéng cia ti 1é
kiém/oryzanol dén hiéu sudt tao FA tai
75°C
Duya vao két qua trén Hinh 5 va 6 ta
thdy, ti 16 kiém/oryzanol cang cao thi
hiéu suét tao axit ferulic cang cao va thé
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hién rd tai nhiét do 60 °C, v6i hiéu suét
cao nhat 1a 62.3% véi diéu kién ti 1&
kiém/oryzanol 1a 20:1 (wt/wt). Tuy
nhién, néu tang ti 1¢ nay cao hon 20:1,
thi phan tng s& khong dong nhét va xay
ra sy tach pha, do wvay, ti I¢
kiém/oryzanol cao nhit ching toi st
dung trong nghién ctu 1a 20:1 (wt/wt).
Tai nhiét do 75 °C, ti I¢ 16:1 va ti 1€
20:1 dat hiéu sudt gan twong duong
nhau, khoang 83.2%. Diéu nay cho thiy
ca nhiét do va ti 16 kiém/oryzanol déu 1a
cac thong sé quan trong, bé trog cho
nhau va quyét dinh hiéu suit cua phan
tmg. Dbi voi bai toan chi phi thuc té,
nghién ctru s€ lam co s& cho viéc lya
chon tang nhi¢t d§ phan ing hay tang ti
16 kiém/ozyzanol can c vao chi phi
dién nang hodc chi phi hoa chat dé dat
hiéu suét twong duong.

3.2.3. Anh hwéng ciia nhiét d t6i hi¢u
sudt thity phin

Chon ti 1€ kiém/oryzanol 1a cao nhét 1a
20:1 (wt/wt), ndong dd oryzanol trong
hdn hop phan tng 13 6 mg/ml, khao sat
anh huong cta nhiét do dén hiéu suat
tao axit ferulic. Cac nhiét d§ khao sat
1a: 30, 40, 50, 60, 75 °C. Két qua nghién
cuu dugc chi ra tai Hinh 5. Nhiét dd
phan tng cang cao thi hiéu suit phan
ung thiy phan cang 16n: 18,8% tai 30
°C, 25,2% tai 40 °C, 45,8% tai 50 °C,
62,3% tai 60 °C va 83,2% tai 75 °C sau
3 gio phén {rmg. Nhiét d6 cao nhat phan
img c6 thé thyc hién duoc 1a tai 75 °C,
néu tiép tuc gia nhi¢t dén 4 gid sau phan
tng, hiéu suat s& dat duoc 1a 84,1%.
Két qua nay ciing chi ra, hiéu suat phan
ung bao hoa sau 4 gio, va vi¢c gia nhiét
thém khong 1am tang hiéu suit ctia phan
ung.
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Hinh 7. Anh hwéng ciia nhiét dg phan
ung voi hiéu sudt tao FA tai ti 1¢
kiém/oryzanol la 20:1.

So sanh véi két qua nghién ciu trude
do cua cong ty Tsuno (Nhat Ban), voi
hiéu suét dat duoc 1a 86% tinh theo Y-
oryzanol c6 do tinh khiét 80%, sir dung
isopropanol tai 90 °C, trong 8 gio [32];
ching t6i nhan thiy rang phuong phap
ciia chung to6i mang lai hiéu qua gan
nhu twong dwong, ¢ nhiét do thdp hon

va thoi gian chi bang mot nira.

3.2.4. Anh hwéng ciia séng siéu Gm tdi
hiéu sudt phan ikng thiiy phén

Véi sy hd tro clia song siéu Am tan s 20
kHz, phan ng thity phan duoc tién hanh
tai cac nhiét do tir 30 dén 60 °C. Phan
ung tai 75 °C, két hop thém song si€u am
20 kHz (Branson 450) s¢ lam cho qua
trinh mat dung moi dién ra rat nhanh va
do d6 pha v& su ddng nhit cua phan tmg.
Miat khéc, chung toi cling tién hanh khao
sat 2 mirc cong suat khac nhau 1a 50 W
va 180 W tai nhiét d6 60 °C, cac két qua
duoc thé hién trén Hinh 8.
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Hinh 8. Anh hwéng ciia séng siéu am 20
kHz téi hiéu sudt phan iing
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Két qua cho thay, sir dung song siéu am
20 kHz v6i cong suat 50 W tai 60 °C
hau nhu khong hiéu qua dé ting hiéu
suat phan ung so véi phuong phap gia
nhiét thong thuong; tuy nhién khi tang
cong suat 1én 180 W, hi¢u suat ctia phan
Ung thuy phan tang lén gép 1 )5 lan Nhu
ta da biét, song siéu Am vai tan sb thap
(20 kHz) hoat dong hi¢u qua nho vao sy
vO cua cac bong bdéng (cavitation
bubbles), qua d6 tao ra nhitng diém
néng cbd ap suit va nhiét do rat cao, va
nhd vay ma thuc ddy qua trinh phan tng
[22]. Viéc ting cong sudt cia song siéu
am tir 50 W 1én 180W, dong nghia voi
viée tang sd lwong cac bong bong siéu
am 1én nhiéu lan, va do do, giup ting
hiéu sudt cta phan ung 1én ti 93,3%
trong khoang thoi gian ngin hon 1a 2,5
gio. Pay 1a mot két qua rat kha quan so
v6i cac nghién cuu trude day da duogc
cong bd cua cong ty Tsuno (Nhat Ban)
nhu da dé cap toi trong muc 3.2.3.

4. KET LUAN

Trong nghién ctru nay, chung t6i dé tim
ra dugc diéu kién phan tich phu hop dé
phan tich dong thoi cac san pham cua
phan tng thiy phan y-oryzanol, tdi uu
hoa ti 16 KOH/ y-oryzanol (wt/wt) dé
thu duoc hiéu suét cao (ti 1€ 20:1, ddi
v6i ndong do dau tuong Ung cua y-
oryzanol 1a 6 mg/ml). Hiéu suit cia
phan &g bang phuong phap dong dung
moi dat 83,2 % tai 75 °C sau 3 gio phan
mg; va néu sir dung sy hd tro cua song
siéu 4m 20 kHz, 180 W, hiéu suit phan
ung dat 93,3% chi trong 2,5 gio tai 60
°C. Viéc ung dung song si€u am trén
quy md 16n khong phai la diéu dé dang,
can phai duoc can déi tinh toan cu the
gitra hi¢u suat va loi ich kinh té.
Phuong phap ddng dung moéi ma chang
toi da nghién ctru mang lai hudng di
kha thi, khong can st dung séng siéu
am van c6 thé dat hiéu suat trén 80%



dbi voi phan tng gia nhiét tai 75 °C.
Nghién ctru nay dua ra mot cai nhin kha
thi vé viéc san xuét axit ferulic tir cac
san phdm phu cua nganh cong nghiép
c6 chura y-oryzanol, dac biét 1a ddi voi
nganh san xuat dau cam gao.
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