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Tom tit:
Alpha glucosyl hesperidin (AGH) dugc cu tao tir glucose va hesperidin, 13 mot
loai bioflavonoid c6 trong vé ciia cac loai trai cay hg cam chanh (thu dugc tir cac
ngudn nguyén liéu tii ché), a-glucosyl hesperidin cé d tan trong nwéc va hoat
tinh sinh hoc vwot tri so véi hesperidin, cai thién kha ning hap thu va dé on
dinh. Hon thé nira, a-glucosyl hesperidin con cé tac dung lam sang da va cai
thién tinh trang quing thim duwéi mat. Théng qua phan vng chuyén nhém
glucosyl (transglucosylation) sir dung enzym cyclodextrin glycosyltransferase
(CGTase), hiéu suat chuyén hoa hesperidin thanh a-glucosyl hesperidin cao nhat
dat 65,3% khi sir dung CGTase ¢ ndng d6 22,5 IU/ml va tinh bot 5% (w/v), trong
diéu kién nhiét d9 55-60°C va thoi gian phan ing 8 gio. San pham ciia phan ing
chuyén nhém glucosyl di dwoc tinh sach va xac dinh cdu tric héa hoc 1a
glucosyl-a-(1—4)-hesperidin. Cau tric ciia ciac hop chat dwoe xic dinh thong
qua phé NMR va LC-ESI MS
Tir_khod: chuyén nhém glucosyl, enzym CGTase, hesperidin, a-glucosyl
hesperidin.
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Abstract:
Alpha glucosyl hesperidin (AGH) is composed of glucose and hesperidin, a
bioflavonoid found in various citrus fruits peels from upcycling resources, has
better water solubility and bioactivity than hesperidin to improve absorption
and stability. Moreover, a-glucosyl hesperidin has the effect of warming,
brightening and improving dark circles under the eyes. The via
transglucosylation using cyclodextrin glycosyltransferase (CGTase), the highest
hesperidin to a-glucosyl hesperidin conversion yield achieved was 65,3% using
22,5 mU/ml CGTase, and 5% starch (w/v), at 55-60°C for 8 h. The product of
transglucosylation was purified and its chemical structure was determined to be
glucosyl-a-(1—4)-hesperidin using. The structures of the compound were
determined by NMR and LC-ESI MS spectra.
Keywords: enzyme CGTase, hesperidin, transglucosylation, a-glucosyl
hesperidin.
Classification numbers: 2.4, 3.2

1. Pit van dé

Hién nay, cac thudc cd ciu tric méi ngdy cang duoc cac nha khoa hoc quan
tAm nghién ctru va diéu ché nham tao ra cic hop chat méi dua trén cau tric cac chét
¢6 san, ¢ hoat tinh sinh hoc cao vuot troi hon so véi cac chat ban diu. Hesperidin 1a
mot loai flavonoids, dugc tim thay nhiéu trong phan v6 va mang tring bam ngoai mui
clia trai cdy thudc chi cam chanh, c6 tac dung chdng két dinh tiéu cau, ting tinh thim,
bén thanh mach, céc rdi loan xo vita dong mach, nhdi mau co tim, suy tinh mach gay

té dau tay chan va tri [1]. Tuy nhién, hesperidin c6 do hoa tan trong nudc kém, dan
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dén sinh kha dung theo dudng udng thap. Trong khi d6 a-glucosyl hesperidin c6 d6
d6 hoa tan gap 300 lan so v6i hesperidin, do d6 c6 thé cai thién dugc sinh kha dung
so vOi hesperidin [2]. Do d6 ngoai tdc dung dugc ly tuong tu hesperidin, a-glucosyl
hesperidin con c6 mét sé tac dung duoc 1y nhu ha lipid mau, ha axit uric mau, 1a mot
chat bd sung hodc thudc hitu ich cho ngudi dang bi bénh béo phi [3]. Vi thé di c6 rat
nhiéu nghién ctru trén thé gidi vé tong hop hoat chat nay. Hau hét cac nghién ciru déu
dugc thuc hién & quy mo nhoé [4-7]. Theo T. Kometani va cs (1995) [4] da st dung
tinh bot 5% so v&i phan tmg nhu 13 chét cho glucose va 2 U/ml CGTase lam xuc tac,
& 40°C v6i pH 10 trong thoi gian 16 h, cudi cung 1a sir dung sephadex LH-20 dé tinh
ché san phém, thu dugc hon hop hesperisin glucosid, hi¢u suat 50%. Hon nita, theo
Titaporn va cong sy di sir dung nong 46 CGTase 200 IU/ml véi dung méi DMSO
80% dé hoa tan hesperidin (2% trong hdn hop phan ung), sir dung p-cyclodextrin 1a
chat cho glucose (khoang 1,5% theo thé tich phan ung), diéu kién pH 5 trong thoi
gian 6 h & nhiét do 60°C, thu duoc hdn hop hesperidin glycosid trong d6 a-glucosyl
hesperidin, hiéu suat 10% trén HPLC [5].

Trong khi d6, hién nay trong nudc chua c6 mot nghién ctiru vé tong hop hoat
chat nay ciing nhu hdn hop hesperidin glycosid. Bén canh d6, hang nim c6 khoang
500.000 tAn/nam rac thai tir nguon nguyén liéu tir vo cam quyt chanh, chtra ham luong
flavonoid khoang 1,28% trong v6, ham luong hesperidin chiém khoang 32-50% vé
khéi luong [8]. Vi thé dé tan dung duoc ngudn nguyén liéu hesperidin trong nuéc,
budc dau ching t6i dd nghién ctru quy trinh 1én men hesperidin thanh a-glucosyl
hesperidin & quy mo6 phong thi nghiém, tién t6i c6 thé thuc hién & quy mé 16n hon,
nham tan dung duoc ngudn nguyén liéu hesperidin trong nuéc, chu dong duoc ngudn
nguyén liéu hoa dugc trong tuong lai.

2. Nguyén liéu va phuwong phap nghién ciru

2.1. Nguyén liéu

Céac héa chét dung cho phan tmg hesperidin c6 do tinh khiét 95%, enzym
CGTase 90 TU/ml cua Trung Qudc sir dung ma khong can tinh ché. Cac hoa chat
DMSO, CH3CN, MeOH dung cho phan rng cia Merck, B-cylcodextrin, tinh bdt cua

Trung Qudc. Cac dung méi dugce sir dung cho trién khai sac ki 16p mong (TLC), sac
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ki cot 1a cac dung méi ctia Trung Qudc, duoc st dung ma khong can tinh ché. Dung
moi st dung cho phan tich HPLC 1a cdc dung méi cia Merck hodc Fisher.

Séc ki 16p mong (SKLM) thyc hién trén ban mong pha thuan trang sin silica gel
60F2s54 (Merck) hodc sir dung ban mong pha ddo RP-18 Fas4 (Merck), dugc quan sat
dué6i bude song UVass va UVigo nm. Diém néng chay duoc do trén may Buchi M360
ctia Thuy Sy. Pho cong hudng tir hat nhan (NMR) duoc ghi trén may Bruker AM 600
FT-NMR trong dung moi DMSO-ds sitr dung TMS 1am chit ndi chuan. Séc ki 1ong
ghép nbi khéi phd LC-ESI MS duge ghi trén may LC/MS-8045 Shimadzu, Nhat Ban.
Hé théng HPLC LC-20A (Shimadzu LC20, Nhat Ban), cot phan tich pha dao Vertical
Ci3 (250 mm x 4,6 mm, 5 pm)

2.3. Phwong phap nghién ciru

Sau khi tham khao cac phuwong phap tong hop trén thé gidi [4, 5], chung t6i da
tién hanh tong hop a-glucosyl hesperidin bang viéc st dung phan tng tao lién két
glycosid v&i xuc tac 1a enzym CGTase trong dung moi hiru co, & moi truong pH 5-
10, kiém so4t hiéu suat phan tng & ting thoi diém phan tng bang cach sir dung TLC
két hop HPLC dé xac dinh do chuyén hoa va d tinh khiét. Str dung nguyén liéu dau
hesperidin va enzym CGTase phu hop cho qué trinh glycosid hoa 1a mét yéu t6 dic
biét quan trong ciia quy trinh.

Tiép theo tién hanh nghién ctru khao sat cac diéu kién anh huong dén hiéu suét
phan tng, sau khi tong hop thanh cong a-glucosyl hesperidin, dé tiép tuc nang cao
duoc hiéu suat cua phan ung, tién hanh khao sat cac yéu té phu hop véi diéu kién
chuyén hoa hesperidin thanh a-glucosyl hesperidin dé t6i vu hod quy trinh, ning cao
dugce hiéu suét, giam duogc chi phi cho san Xuat, d@)ng thoi khic phuc dugc cac yéu to
anh huong dén qua trinh chuyén hod. So d6 va cac yéu t6 khao sat dugc thuc hién

nhu sau:
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3. Két qua va ban luin

Dé thyc hién quy trinh tong hop, chiing t6i sit dung véi luong hesperidin (0,5
g; 0,8 mmol; 1 equiv.), dugc hoa tan trong 0,2 ml DMSO, qué trinh phan ing dugc
str dung voi tac nhan glucosyl hoa 1a hd tinh bot 5% (0,5 g). Tiép tuc thém vao d6
enzym CGTase 11,2 TU (0,02 ml), phan tng dugc gia nhiét dén 45-50°C, qu4 trinh
phan tng dugc kiém soat bang TLC véi hé dung méi EtOAc:CH3COOH:H,0 (3:1:1,
v/V/V) & UVass nm va d6t nong véi thude thir H:SO4 10% trong nude. Thém vao do,
dé kiém soat duoc do chuyén hoa stt dung HPLC theo déi duogc tién trinh cta phan
g trong thoi gian 8 h. Két thuc phan tng loai bé phan cin trong hdn hop, phan dich
thu dugc dugc c6 can dung moéi dudi ap suét giam (¢ ap suét 10-20 mbar, nhiét do
50°C) thu duoc san pham thd. Tién hanh tinh ché san pham tho bang sic ki cot nhua
D101 (kich thude hat 0,315-1,25 mm), v6i hé dung moéi gradient HoO:EtOH tir 0%
EtOH, 10% EtOH, 20% EtOH, 30% EtOH, 50% EtOH thu dugc cac phan doan khac
nhau, trong d6 phan doan 20% EtOH va 30% EtOH chta san pham o-glucosyl
hesperidin. Tiép tuc thu hdi dung méi dudi ap suat giam (6 ap suat 10-20 mbar & nhiét
d6 50°C) thu duoc san pham a-glucosyl hesperidin.

CAu trac cua san pham sau khi tinh ché dugc xac dinh cdu trac bang céc
phuong phap phé 'H va *C-NMR két hop véi pho hai chiéu HSQC, HMBC, COSY
va MS. Trén ph6 'H-NMR ta thay xuét hién hai nhom tin hiéu proton dic trung cho
khung hesperidin va cac proton thudc vong duong. Cu thé hai tin hiéu proton dic
trung cho vong A ¢ ou 6,15 (1H, dd, J=4,5; 2,0 Hz, H-6) va ou 6,14 (1H, t, J=2,0
Hz, H-8). Thém vao dé cac tin hiéu proton & on 6,94 (2H, m, H-2', 5"), du 6,94 (1H,
m, H-6") dic trung cho cac tin hiéu proton thudc vong B. Su xuit hién ciia proton
methoxy & du 3,77 (3H, s). Ngoai ra mot tin hiéu proton chuyén vé truong thip & vi
tri on 5,49 (1 H, m) thudc vé proton H-2, mot tin hiéu khac thudc vé proton H-3 dic
trung cho khung hesperidin ¢ o 2,77 (1H, ddd, J=17,0; 7,5; 3,20 Hz), ou 3,25 (1H,
m) thudc vé proton H-3. Thém vao do su xuét hién cta céc tin hiéu & oy 5,05 (1H, t,
J=17,7Hz, H-1"), 6u4,58 (1H, s, H-1") dac trung cho hai proton anomeric cua vong
duodng cua hesperidin, su xuét hién cua tin hiéu du 1,065 (3H, q,J=6,2; 3,6 Hz, H-
6") chi ra sy xudt hién ctia duong rhamnose cua hesperidin. Thém vao d6 mét tin hiéu

proton anomeric & 8y 5,00 (1H, d, J= 3,8 Hz) chi ra sy xuét hién cia mot vong duong
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o trong cAu trac. Trén pho *C NMR ciia hop chét chi ra sy xuat hién cua 15 tin hiéu
carbon thudc khung hesperidin va 18 tin hi¢u carbon thudc vong dudng pyranose. Cu
thé, sy xuat hién ctia mot tin hiéu carbon & dc 197,05 ppm chi ra su xuat hién cua vi
tri C-3. Céc tin hiéu khac con lai thudc vé carbon cua vong B, A va C cua khung
hesperidin.

Két hop phdé HMBC, HSQC va COSY xéc dinh chinh xac vi tri lién két cua
cac vong duong véi aglycon va cac lién két glycosid trong cu trac. Trén phé HMBC
chi ra tuong tac giita proton H-1" (du 5,00) v6i C-4" (5c 79,7) diéu nay chi ra duoc
duong o-glucose gan véi dudng cua hesperidin thong qua carbon C-4" o-glucose-
(1—4)-B-glucose. Tuong tac gitra H-1" (ou 4,58) v&i C-6" (dc 65,7) chi ra dugce vi tri
lién két giira hai duong trong hesperidin & vi tri B-glucose-(1—6)-B-rhamnose. Thém
vao d6 twong tac gitta H-1" (dn 5,05) v6i C-7 (5c 165,1) chi ra vi tri lién két ciia duong
vo1 aglycon tai vi tri C-7 ctia khung hesperidin. Vi tri cia nhdém OCH3 dugce xac dinh
thong qua tuong tac gitra proton trong nhom -OCH3 (du 3,77) tuong tac voi C-4' (oc
148,01). Phd ESI-MS cua hop chét chi ra duoc pic ion gia phan tir [M + H] m/z
773,15. T cac gitt liéu trén cho thay hop chat thu duoc 13 a-glucosyl hesperidin. Ry:
0,4 (EtOAc:CH3COOH:H20 (3:1:1, v/v/v), Tae: 170-180°C; LC-ESI-MS: [M + H]*
m/z 773,15 (M+H]' 1y thuyét 773,25); 'H-NMR (600 MHz, DMSO-ds): 12,01 (1H,
brs, 5-OH); 9,10 (1H, brs, 3’-OH); 6,94 (1H, m, H-2"); 6,94 (1H, m, H-5); 6,90 (1H,
m, H-6"); 5,49 (1 H, m, H-2); 6,15 (1H, dd, J=4,5; 2,0 Hz, H-6); 6,14 (1H, t, J=2,0
Hz, H-8); 5,05 (1H, t, J=7,7 Hz, H-1"); 5,00 (1H, d, J = 3,8 Hz, H-1%); 4,58 (1H, s,
H-1"); 3,82 (1H, d, J = 10,2 Hz, H-6"a); 3,77 (3H, s, OCH3); 3,74 (1H, m, H-3"); 3,63
(1H, m, H-3"); 3,60 (1H, m, H-6a"); 3,52 (1H, m, H-6"b); 3,58 (1H, m, H-6"b); 3,56
(1H, m, H-3"); 3,52 (1H, m, H-6"a); 3,42 (1H, m, H-4"); 3,43 (1H, m, H-2"); 3,40
(1H, m, H-5"); 3,38 (1H, m, H-5"); 3,29 (1H, m, H-2"); 3,27 (1H, m, H-2"); 3,25 (1H,
m, H-3a); 3,25 (1H, m, H-5%); 3,15 (1H, m, H-4"); 3,15 (1H, m, H-4"); 2,77 (1H, ddd,
J=17,0; 7,5; 3,20 Hz, H-3b); 1,065 (3H, q, J = 6,2; 3,6 Hz, H-6"). *C-NMR (150
MHz, DMSO-dp): 78,9 (C-2); 42,1 (C-3); 197,1 (C-4); 163,0 (C-5); 96,4 (C-6); 165,1
(C-7); 95,6 (C-8), 162,6 (C-9); 103,4 (C-10); 131,0 (C-1"); 114,1 (C-2"); 146,5 (C-3");
148,0 (C-4"); 112,1 (C-5"); 117,9 (C-6"); 55,7 (OCH3); 99,2 (C-1"); 73,5 (C-2"); 75,9
(C-3"); 79,7 (C-4"); 73,3 (C-5"); 65,7 (C-6"); 100,8 (C-1"); 72,7 (C-2"); 70,4 (C-3™);
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70,7 (C-4™); 68,4 (C-5"); 17,8 (C-6"); 101,3 (C-1%); 72,5 (C-2*); 73,7 (C-3"); 69,6 (C-
4%); 72,5 (C-5"); 60,6 (C-6").

Bang 1. Dir li¢u phé ciia o-glucosyl hesperidin.

STT 13C- TLTK® '"H-NMR"
NMR? [5]
2 78,5 78,5 5,49 (1 H, m)
3 42,1 42,4 2,77 (1H, ddd, J=17,0; 7,5; 3,20 Hz), 3,25
(1H, m)

4 197,1 197,1
5 163,0 163,0
6 96,4 96,5 6,15 (1H, dd, J=4.,5; 2,0 Hz)
7 165,1 165,0
8 95,6 95,5 6,14 (1H, t,J = 2,0 Hz)
9 162,6 162,6
10 103,4 1034
1’ 131,0 130,9
2! 114,1 114,2 6,94 (1H, m)
3’ 146,5 146,5
4' 148,0 148,0
5’ 112,1 112,1 6,94 (1H, m)
6’ 117,9 117,9 6,90 (1H, m)

OCH3; 55,7 55,7 3,77 3H, s)
1" 99,2 99,1 5,05 (1H, t,J=17,7 Hz)
2" 73,5 73,6 3,29 (1H, m)
3" 75,9 75,8 3,56 (1H, m)
4" 79,7 79,7 3,42 (1H, m)
5" 73,3 73,5 3,40 (1H, m)
6" 65,7 65,9 3,82 (1H, d, J= 10,2 Hz); 3,58 (1H, m)
1" 100,5 100,4 4,58 (1H, s)

o 72,7 72,1 3,43 (1H, m)




DOI: 10.31276/VJST.2026.4094

3" 70,4 70,7 3,63 (1H, m)

4m 70,7 69,5 3,15 (1H, m)

5" 68,4 68,3 3,38 (1H, m)

6" 17,8 17,8 1,065 (3H, q, J = 6,2; 3,6 Hz)

1" 101,3 101,3 5,00 (1H, d, J = 3,8 Hz)

2* 72,5 73,2 3,27 (1H, m)

3° 73,7 75,8 3,74 (1H, m)

4 69,6 70,3 3,15 (1H, m)

5° 72,5 72,4 3,25 (1H, m)

6 60,6 60,5 3,60 (1H, m), 3,52 (1H, m)
5-OH 12,01 (1H, brs)
3'-OH 9,10 (1H, brs)

“150 MHz, DMSO-ds; *600 MHz, DMSO-ds, “100 MHz, DMSO-ds

Sau khi tong hop thanh cong a-glucosyl hesperidin chung toi di tién hanh
nghién ciru nang quy mod phan ung 1én 1,0 g/mé, qua trinh phan g dugc thuc hién
thong qua khao sat cac diéu kién anh hudng dén phan tng, dé dua ra diéu kién t6i wu
cho quy trinh tong hop.

3.1. Quy trinh chung cho cdc khdo sat

Pé thuc hién quy trinh khao sat chung t6i sir dung v&i luong hesperidin 14 1 g,
dugc hoa tan trong vira di dung moi khao sat, qua trinh phan trng dugc str dung véi
tac nhan cho glucose 1a hoa ho tinh bot 5% hodc B-cyclodextrin 0,5%. Tiép tuc thém
vao d6 enzym CGTase 11,2 TU (0,04 ml), phan tmg duoc gia nhiét 1én dén trong
khoang nhiét d6 khao sat, qué trinh phan tmg duoc kiém soat bang TLC véi hé dung
moi EtOAc:CH3COOH:H20 (3:1:1, v/v/v) & UVass nm va ddt nong véi thude thir
H2SO4 10%. Ngoai ra dé kiém soat duoc do chuyén hoa cua phan Gmg chinh xéc
chung t6i cling két hop v6i phuong phap HPLC. Phan tmg duoc thuc hién ¢ 8 h. Két
thiic phan tng loc loai bé phan chit ran khong tan trong hdn hop. Phan dich thu dugc
duoc ¢6 can dung moi dudi ap suat giam (4p suat 10-20 mbar, nhiét d6 50 °C) thu
dugc san pham tho. Tiép tuc dugc tinh ché bang phuong phép sic ki cot nhya D101,
v6o1 hé dung méi gradient H.O: EtOH tir 0% EtOH, 10% EtOH, 20% EtOH, 30%
EtOH, 50% EtOH thu dugc cac phan doan khac nhau, trong d6 phan doan 20% EtOH
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va 30% EtOH chira a-glucosyl hesperidin. Tiép tuc thu hdi dung méi dudi ap sut
giam (4p suit 10-20 mbar, nhiét d6 50°C) thu dwoc san phdm a-glucosyl hesperidin.

3.2. Khdo sdt anh huéng ciia dung moéi dén higu sudt phan irng

Do phén g sir dung enzym lam xuc tac, vi thé dung méi phan ung c6 vai tro
rat quan trong lién quan d6 bén cua enzym. Trong khi enzym bén viing trong méi
truong pH 4,5-6 va kém bén & nhiét d6 cao, thém vao d6 dung mai ciing 13 yéu t6
quan trong c6 thé pha v ciu tric ciia enzym lam giam d6 hoat dong chung. Diéu nay
dé giai thich trong qua trinh phan Gmg hiéu suét s& giam dan khi thuc hién phan tng
trong cac dung moi hiru co nhu CH3CN, MeOH va hi¢u suit thu dugc cao nhat khi
str dung v6i dung méi DMSO. O day DMSO 13 dung méi hoa tan hesperidin hoan
toan, déng thoi sy c6 mat co cua 5% tinh bot lam gidm néng d6 DMSO dan dén
enzym hoat dong t6t hon, dan dén ting hiéu suat ciia phan tmg. Két qua thu dugc nhu
bang 2 sau:
Bang 2. Khao sat Aanh huwéng ciia dung moi.

STT  Dung mai Hiéu suat (%)

1 CH;CN 10,5
2 H,0 15,6
3 MeOH 20,3
4 DMSO 30,5

Theo bang 2, hiéu suit cta phan tng véi cac dung mdi ting dan tir CH;CN
dén DMSO. Cu thé 1a hiéu suét dat thdp nhat khi sir dung véi dung moéi 1a CH3;CN
v6i hiéu suat 10,5%, va ting 1én mot chut khi thay dung méi nay bang H,O & méi
truong trung tinh on dinh vé d6 bén cua enzym, thi hiéu suét cai thién nén dén 15,6%.
O day c6 thé do CH3CN c6 kha nang hoa tan hesperidin kém, ddn dén hi¢u suat phan
tmg giam. Mit khac khi sir dung dung méi hitu co v6i mot thoi gian dai enzym rat
kho c6 thé giit nguyén dugc cu trac ban dau, diéu nay s& lam giam hoat tinh xuc tac,
d6ng thoi giam hiéu suat ciia phan ing. Thém vao d6, khi thay dung moi bang MeOH
thi d6 tan cua hesperidin co thé duogc cai thién, tuy nhién hi¢u suat cling chi dat 20,3%.
Theo d6 viéc sir dung DMSO 1am dung méi cho phan tig cé thé hoa tan duoc hoan
toan hesperidin, tuy nhién c6 thé 1am giam hoat tinh ctia enzym, do d6 chung toi sir

dung DMSO vira di dé hoa tan hoan toan hesperidin, dong thoi lam maéi truong cho
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enzym co thé hoat dong tdt nhat. Két qua thu dugc dugc thé hién trong bang. Ngoai
viée st dung 1am dung moéi cho phan tng dong thoi hdn hop dung méi c6 thé lam bén
dugc enzym, cai thién duoc do tan dé lam ting hiéu suat. Do d6 chung t6i di tham do
& ndong 6 DMSO 30%. Thi hiéu suat phan ung ting 1én dang ké dat 30,5%, cao hon
nhiéu so vé6i viée sir dung cac dung méi con lai. O day ngoai viec DMSO 1a dung méi
hoa tan hesperidin, n6 con cé tac dung 1a méi trudng séng ciia enzym xic tac cho
phan tng glucosyl hoa. Vi thé chung t6i d3 tién hanh sir dung DMSO cho phan tng.
Trong khi d6 do tan ctia hesperidin trong phan tng s& anh hudng dén hiéu suét cua
phan mg. Do d6 viéc cai thién do tan cia hesperidin 13 yéu to tién quyét dé gia ting
dugc do chuyén héa ciing nhu lam tang hiéu suat thu duoc san pham. Trong nghién
ctru nay, viéc thay d6i nong do %DMSO (trong nudc) cling dugc trién khai dé cai
thién do tan cta hesperidin, dong thoi dam bao véi do bén cia enzym. Bang viéc thay
d6i nong do % DMSO (trong nudc), tdi wu hod ti 1¢ dung méi cho phan tng ching
t6i da tién hanh khao sat voi cac ti 18 1a 10%, 20%, 40%, 60% va 80% DMSO (trong
nudée). Két qua khao sat dugc thé hién theo bang 3 sau:

Bang 3. Khio sit nong do dung méi DMSO.

STT Nong d0 DMSO (%)  Hiéu suit (%)

2 10 30,4
3 20 40,6
4 30 30,5
5 40 20,8
6 60 10,3

Theo bang trén khi khao sat véi nong ¢6 DMSO tir 30% xudng 10%. Nhin vao
bang chung ta thdy hiéu suat phan tng ting dan theo ndng do tir 10-20% ctia DMSO,
hiéu suat ting dan tir 30,4% & nong d6 10% DMSO dén 40,6% & nong do 20% va
giam dan xudng con 30,5% khi dung & ndng do 30% DMSO. Va tiép tuc giam chi
con 20,8% khi ting ndng do DMSO 1én dén 40%. Thém vao d6, hiéu suat tiép tuc bi
giam xudng kha thap chi con 10,3% khi thoi gian phan tng ¢ 8 h v6i ndng d6 DMSO
60%. Mit khac trong cac nghién ctru vé hoat tinh ctia enzym CGTase khi giam nong
d6 DMSO thi hiéu suat phan tmg ting 1én kha cao, diéu nay co thé lién quan dén su
pha hily cdu trac ciia enzym. O ddy c6 thé thdy & nong d6 DMSO 20% da dat duoc
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su cin bang gitra d0 bén cta enzym, ¢ ndng dd nay enzym bén hon din dén hoat hoa
phan tng t6t hon, c6 thé hoa tan dugc DMSO ciing c¢6 thé 1am 6n dinh xtc tac 1am
tang hi¢u suit ctia phan ung. Do d6 dung m61 DMSO 20% dugc lga chon cho cac
khao sat tiép theo.

Trong khi d6 hau hét cac nghién ciru trén thé gidi déu chi ra khoang pH tdi vu
cho enzym CGTase hoat dong, va c6 kha ndng hoat dong & pH khoang 5,0 dén 8.0.
Vi du, d6 pH t6i wu cho CGTase c6 ngudn gdc tir Bacillus macerans 1a pH 5,220 [9],
Bacillus stearothermophilus (pH 6,0) [10] va Bacillus subtilis (pH 8,0) [11]. Ngoai
ra co rat it tai liéu néi vé viée st dung CGTase & pH ¢ moi truong acid manh va kiém
manh, ngoai trir mot s enzym tir Bacillus sp. ATCC21783 (pH 4,0) va Bacillus ua
kiém (pH 10) [12]. Do d6 dé tim dugc diéu kién toi wu cho phan mg, chiing toi da
khao sat & khoang pH rong, dé 1am ting do tan ciia hesperidin. Ngoai ra pH cua phan
g 12 mot yéu t 16n anh hudng quan trong dén hoat dong xtc tac ctia enzym. Do d6
chung toi da sir dung pH tir 4 -10. Két qua dugc thé hién trong bang sau:

Bang 4. Khao sat anh huéng ciia pH dén hiéu suit .

STT pH phén trng Hiéu suat (%)
1 5-6 25,3
2 6-7 30,6
3 7-8 40,6
4 8-9 30,2
5 9-10 30,1
6 >10 18,3

Nhin vao bang 4 trén ta thdy d6 pH anh hudng 16n dén hiéu suat cia phan tng,
trong khi phan trng sir dung enzym lam xuc tac thi pH vira dong vai tro anh hudng
dén d6 bén ctia enzym vira c6 tic dung dén viéc hoa tan chat dau hesperidin. Theo d6
khi pH dat tir 5-6 thi hiéu suét cling chi dat 25,3% thép hon nhiéu so v&i viée st dung
pH & 6-7 12 30,6%. O day c6 thé khi thyc hién & pH thap, kha ning tan cua hesperidin
kém hon, diéu nay thé hién rd hon khi ting pH ctia phan tng 1én tir hai khoang 6-7
dén 7-8 thi hiéu suit ctia phan tng ciing tang 1én déng ké tir 30,6% dén 40,6%, co thé

¢ diéu kién pH cao hesperidin duoc cai thi¢n do tan, do d6 da lam tang hi¢u suat cia
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phan Gng. Vi thé tiép tuc nang pH cuia phan tng 1én 8-9, thi hiéu suit phan tmg giam
xudng chi con 30,2%, va tiép tuc giam xudng khi pH >10 hiéu suit chi con 18,3%.
Nhu vay d6 pH cta phan tmg phu hop nhét 13 pH 7-8, cac diéu kién khac nhu méi
truong acid hodc base co thé s& lam do tan cia hesperidin kém di hoac lam giam dg
bén cuia enzym anh hudéng dén hiéu suit phan tng.

Bang 5. Khio sat anh huéng ciia nhiét d9 dén hi¢u suat phan ing.

STT Nhiét dd phan ing (°C)  Hiéu suit (%)

1 25-30 20,3
2 35-40 40,6
3 45-50 50,2
4 55-60 57,6
5 70-75 56,5

Tién hanh khao sat anh huéng cta nhiét do dén phan ng, két qua dugc thé
hién nhu bang 5. Theo bang trén thi nhiét do khao sat cua phan tng dugc thuc hién
trong khoang 40-60°C, do nhiét d6 ctia phan ng anh hudong dén do bén cia xuc tac
enzym, c6 thé dan dén enzym bi dut giy ciu triic lam mat di hoat tinh xtc tac. Do do,
phan mg duoc khao sat ¢ nhiét do ting dan dé dam bao do bén cta enzym. Theo d6
hau hét & c4c nhiét do khao sat hiéu suat dat tir 20,3% dén 57,6%. Cu thé khi tién
hanh phan ng ¢ nhiét d thudng 25-30°C, thi hiéu suat chi dat 20,3%, c6 thé do nhiét
d6 thap enzym hoat dong kém din dén kha nang xuc tac cho phan tng giam. Do d6
tiép tuc ting nhiét d6 1én 35-40°C thi hiéu suit thu duoc ting 1én dang ké dat 40,6%.
Va hiéu suét tiép tuc ting 1én 50,2% khi nhiét do ctia phan tng trong khoang 45-50°C
va dat cao nhat 57,6% khi phan Ung ¢ nhiét 4o 55-60°C. Tiép tuc tdng nhiét do cua
phan tg 1én 70-75°C thi hiéu xuat thu dugc chi dat 56,5%. Diéu nay co thé khi ting
nhiét d6 enzym mét kha ning hoat hoa do céu trac bi dirt gdly, dan dén giam kha ning
xuc tac. Két qua khao sat cling phu hop véi cac bao cdo trude do vé nhiét do phan
g toi uu khi sir dung enzym CGTase trong khoang tir 40-60°C. Do d6 chung t6i lya
chon nhiét d6 phan tmg & 55-60°C cho nhiing khao sat tiép theo.
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Bang 6. Anh huwéng ciia tic nhin glucosid dén hi¢u suat phan vng

STT Tac nhén cho glucosid Hiéu suit (%)

1 Tinh bt 60,7
2 B-cyclodextrin 57,6

Tac nhan glucosyl trong phan Gng 12 mot yéu td quan trong trong phan tng
gin glucose vao phan tir hesperidin. Trong d6 enzym CGTase duoc sir dung phd bién
cho phan ing dan dén xay ra rt nhiéu qua trinh twong tac giita tic nhan glucosyl véi
hesperidin. O day hai tac nhan phd bién duogc st dung 1a tinh bot 5% va B-cyclodextrin
5%. Két qua cho thay dbi véi tinh bot 5%, thu duoc hiéu suat san pham a-glucosyl
hesperidin 1a 60,7%, cao hon so vdi khi sir dung B-cyclodextrin 1a 57,6%. Thém vao
d6 khi str dung tac nhan B-cyclodextrin phan tng sinh ra cac tap chat c6 thé 1a thé di,
tri-glucosyl (diéu ndy c6 thé quan sat trén TLC va HPLC) cao hon so véi str dung tinh
bot 5%. Piéu ndy c6 thé do B-cyclodextrin co d6 bén cao, kho bi thity phan hon tinh
bot & diéu kién 20% DMSO (trong nudc). Do d6 vai cac khao sat tiép theo chung toi
st dung tinh bot lam tac nhan glucosyl hoa.

Bang 7. Anh hwéng ciia enzym dén hiéu suat phan vng.

STT Luwong enzym (IU/ml)  Hiéu suit (%)

1 90 65,7
2 45 65,3
3 22,5 64,3
4 11,2 40,2
5 5,3 20,7

Dé khao sat anh hudng cua enzym dén hiéu sudt phan tng chung t6i khao st
v6i nong d6 enzym giam dan tir 90 TU/ml xudng 5,3 TU/ml, thé tich véi mdi ndng do
khao sat 1a 0,02 ml. Két qua khao sat anh hudng cta enzym dén hiéu suét cua phan
mg duogc chi ra trong bang 7, theo d6 hoat do ciia enzym anh huong dén do chuyén
hoa ctia phan tng, & ddy khi st dung v6i luong enzym 13 90 IU/ml thi hiéu suat cta
phan tng thu dugc dat cao nhat 65,7%. Mit khac qué trinh theo doi phan tng cho
thdy, ngoai san pham phan g 1a a-glucosyl-hesperidin thi con c6 cac chat phan cuc
khac dugc sinh ra c6 thé 13 di, tri-glucosyl vao céc vi tri OH khac nhau ctia hesperidin,
lam giam d¢ tinh khiét cta san pham, mic di d6 chuyén hoa cua phan tng kha cao.
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Hon nita, hiéu suét thu duoc tuong tu véi viée khi gidm hoat d§ enzym xuéng con 45
IU/ml. Tiép tuc giam hoat d6 ctia enzym xudng con 22,5 IU/ml, thi hiéu suat phan
g thu dugc cling gan twong duong 13 64,3%. Thém vao d6, khi giam hoat d6 cua
enzym xuéng con 11,2 TU/ml thi hiéu suét thu duoc chi dat 40,2%, va két qua thé hién
rd rang hon khi tiép tuc giam nong d6 xudng 5,3 IU/ml thi hiéu suat thu duoc chi con
20,7%.

Nhu vay khi st dung ndng d6 enzym trong khoang 22,5-90 IU/ml, thi hiéu
sudt phan (mg ting manh, bén canh d6 kha ning tao thanh cac san pham phu nhu san
pham thé di, tri-glucosyl s& duoc tao ra va anh huong dén hiéu suat cua phan Gng.
Trai lai, khi giam ndng do ciia enzym xudng tir 11,2 TU/ml va 5,3 TU/ml thi hiéu suat
phan tng giam rd rét, ¢ day co thé nong do enzym qua thap kho co thé chuyén hoa
sang glucosyl hesperidin cung vdi a-glucosyl hesperidin. Do d6 ching t61 sir dung
luong enzym 1a 22,5 TU/ml cho céc khao sat tiép theo.

Bing 8. Anh hwéng ciia thoi gian dén hiéu suit phén ung.

STT Thoi gian phan tng (h)  Hiéu suit (%)

1 3 25,5
2 6 40,8
3 8 65,3
4 10 55,3
5 24 20,5

Dua vao s6 liéu bang 8 thi thoi gian phan tmg anh huong dén hiéu suat phan
ung, theo do6 khi khao sat véi thoi gian 1a 3 h, ¢ nhié¢t d6 55-60°C, thi hi¢u sudt phan
g chi dat 25,5%. Tiép tuc ting thoi gian phan tmg 18n 6 h thi hiéu suat thu duoc
tang 1én gap doi dat 40,8 %. Ngoai ra sy khac biét vé thoi gian con thé hién rd hon
khi tdng thoi gian 1€n 8 h, thi hi¢u suat dat kha cao 65,3%. Bén canh do, khi tang thoi
gian 1én 10 h thi hiéu suat ciia phan ting giam dang ké chi con 55,3%, diéu nay c6 thé
do khi ting thoi gian thi enzym c6 thé s& hoat hod tiép tuc san pham a-glucosyl
hesperidin thanh thé di, tri-glucosyl (theo ddi phan tmg bang TLC va HPLC), dan dén
giam hiéu suat ciia phan ung. Dé lam rd diéu nay chiing t6i tiép tuc tang thoi gian
phan mg 1én 24 h thi hiéu suat phan tng lac ndy chi con 20,5%, ¢ thé do kéo dai

thoi gian phan tng luong enzym c6 thé tiép tuc xuc tac cho qua trinh chuyén hoé gin
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duong tiép theo vao san pham tao thanh thé di, tri-glucosyl hodc thé cac dudng vao
cac vi tri nhdm OH con lai cua hesperidin hoac a-glucosyl hesperidin. Do do, tir cac
diéu kién khao sat trén chiing toi di lya chon thoi gian cho phan ung 1a 8 h, va tién
hanh thuc hién phan tng & quy mo 1 g/mé.

3.3. Quy trinh téng hop a-glucosyl hesperidin 6 quy mé 1 g/mé phin iing

Hesperidin (1 g), dugc hoa tan vira da 0,3 ml DMSO, st dung véi tadc nhan
glucosyl hoa 1a hd tinh bot 5% (1 g). Tiép tuc thém vao d6 enzym CGTase 22,5 IU
(0,04 ml), phan tng duoc gia nhiét 1én dén trong khoang 55-60°C, trong thoi gian 8
h. Quéa trinh phan ung duoc kiém soat bang TLC v6i hé dung méi
EtOAc:CH;COOH:H,0 (3:1:1, v/v/v) & UVas4 nm va d6t nong véi thude thir H2SO4
10%. Két thiic phan tng loc loai bo phan chét rin khong tan trong hdn hop. Phan dich
thu dugce dugc co can dung moi dudi ap suat giam (ap suat 10-20 mbar, nhiét do 50
°C), thu dugc san pham tho. San pham thoi dugc tinh ché bang phuong phap sic ki
cot D101, v6i hé dung moi gradient HoO:EtOH tir 0% EtOH, 10% EtOH, 20% EtOH,
30% EtOH, 50% EtOH thu dugc cac phan doan khéac nhau, trong d6 phan doan 20%
EtOH va 30% EtOH chua a-glucosyl hesperidin, c6 can dung méi duéi ap sut giam
(ap suét 10-20 mbar, nhiét do 50°C), thu dugc 0,82 g san ph?lm. Hiéu suét phan Gng
65,3%. Do tinh khiét 83,4% dién tich pic trén HPLC.

Nhu vay, dé tai d¢a nghién ctru dugc quy trinh tong hop a-glucosyl hesperidin
v6i d6 tinh khiét cao va hiéu suat kha. Trong khi hau hét cac quy trinh trén thé gi6i
déu nghién ctru tong hop hdn hop hesperidin glucosyl ma chua dua ra duge quy trinh
diéu ché a-glucosyl hesperidin tinh khiét. Thém vao do, viéc lva chon néng do DMSO
20% la yéu t6 phi hop nhat cho phan ung tao lién két glucosid. Ngoai ra qua trinh
tinh ché da sir dung nhwa D101, hé dung méi rira giai EtOH:H,O dé thay thé cho viée
sir dung cac phuong phép tinh ché khac nhu sephadex LH-20, Amberlit XAD-16 [4]
trong cac nghién ciru trude day ciing 1a mot phuong phap tinh ché hidu qua kinh té
phu hop voi d6i tuong a-glucosyl hesperidin. Vi thé day 13 nhitng két qua kha quan
ctia dé tai c6 thé duoc ap dung & quy md 16n hon.

4. Két luan
Tir nguyén liéu dau 1a hesperidin chung t6i da tong hop thanh cong a-glucosyl

hesperidin bang cach sir dung enzym CGTase ¢ ndng d6 22,5 IU/ml va tinh bot 5%
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(w/v), trong diéu kién nhiét d6 55-60°C va thoi gian phan tng 8 h thu duoc hiéu suat
65,3%. Quy trinh cho do 6n dinh va hiéu suit khé, c6 thé nang quy mé phan tmg 16n
hon. Vi thé, véi nhitng két qua nghién ctru ciia dé tai, can tiép tuc nghién ctru toi vu
hoa quy trinh dé nang cao dugc hi¢u suét va do tinh khiét cta san phém, dé co thé ap
dung san xuit & quy mé 16n tan dung dwoc ngudn nguyén liéu hesperidin trong nudc,
ddng thoi dap Gmg duoc ngudn nguyén lidu hoa dugce trong twong lai.
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