TAP CHi CONG THUONG - CAC KET QUA NGHIEN CUU KHOA HOC VA UNG DUNG CONG NGHE

NGHIEN CUU CHUYEN HOA XANHCINNAMALDEHYDE
TU TINH DAU QUE THANH BENZALDEHYDE SU DUNG
XUC TAC 2-HYDROXYPROPYL-$-CYCLODEXTRIN

HOANG THI HA TRANG" - TRAN VU TRONG' - BUI THANH NHA' - HOANG HUU HIEP! -
NGUYEN VAN ANH' - NGUYEN TRUNG DUNG' - CAO HONG HA'~
"Truong Hoa va Khoa hoc Su s6ng, Dai hoc Bach khoa Ha Noi
'School of Chemistry and Life Sciences, Hanoi University of Science and Technology
Email: ha.caohong@hust.edu.vn

Ngay nhén bai: 18/5/2026
Ngay stra bai: 8/6/2026
Ngay duyét dang bai: 19/6/2026

Tém tit:

Nghién ciru nham xdy dung quy trinh chuyén héa xanh trans-cinnamaldehyde (CA) tir tinh dau qué thanh
benzaldehyde (BA) sir dung xiic tac 2-hydroxypropyl-B-cyclodextrin (2-HP--CD). Xiic tic dwoc tong hop
tr ﬂ cyclodextrm va ddc trung bdng phé hong ngoai FT-IR. Phan vmg oxy héa sir dung H>0: dwoc thuce hién
nham chuyén héa CA thanh BA, dong thoi khdo sdt anh hwong cua nhiét do, thoi gian phan ung, ty 1é mol
H:>0::CA, lwong xiic tac va dung méi propylene glycol (PG) dé xdc dinh diéu kién toi wu. Két qua cho thdy
diéu kién thich hop la 70°C, 90 phiit, 1y 1é mol H20::CA la 3:1 va 1y 1¢ khoi lwong xiic tac/CA la 1,5:1 trong
méi truong cé PG. O diéu kién nay, do chuyén héa CA dat 62%, d¢ chon loc BA dat 54% va hiéu sudt thu
hoi BA dat 33%. Hé xiic tac 2-HP-B-CD két hop véi PG cdi thién kha ning hoa tan CA, ndng cao hiéu qud
chuyén héa va cho thdy tiém ndng g dung trong tong hop benzaldehyde theo dinh huwéng héa hoc xanh tir
nguon nguyén liéu tw nhién.

Tir khéa: cinnamaldehyde, benzaldehyde, 2-hydroxypropyl-p-cyclodextrin, chuyén héa xanh.

Green conversion of cinnamaldehyde from cinnamon essential oil into
benzaldehyde using 2-hydroxypropyl-p-cyclodextrin as a catalyst

Abstract:

This study aims to develop a green process for converting trans-cinnamaldehyde (CA) derived from
cinnamon essential oil into benzaldehyde (BA) using 2-hydroxypropyl-f-cyclodextrin (2-HP-f-CD) as
a catalyst. The catalyst was synthesized from f-cyclodextrin and characterized by Fourier-transform
infrared spectroscopy. An oxidation reaction using H:0: was conducted to convert CA into BA, while the
effects of temperature, reaction time, H:0:-to-CA molar ratio, catalyst amount, and propylene glycol (PG)
as a solvent were investigated to determine the optimal conditions. The results show that the appropriate
conditions are 70°C, a reaction time of 90 minutes, an H:0:-to-CA molar ratio of 3:1, and a catalyst-to-CA
mass ratio of 1.5:1 in the presence of PG. Under these conditions, CA conversion reached 62%, BA
selectivity reached 54%, and BA yield reached 33%. The combination of 2-HP--CD and PG improved
the solubility of CA, enhanced conversion efficiency, and demonstrated potential for the green synthesis of
benzaldehyde from natural feedstocks.

Keywords: cinnamaldehyde, benzaldehyde, 2-Hydroxypropyl-f-cyclodextrin, green conversion.
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1. Pit van dé

Benzaldehyde (BA) tir tw nhién hodc qua qua trinh chuyén héa xanh tir nguyén lidu ty nhién la
aldehyde thom don gian nhat va 1a huong liéu dugc tiéu thu phd bién thir hai trén thé gidi (chi sau vanilla).
Benzaldehyde 1a nguyén lidu dong vai tro quan trong trong nganh cong nghiép thyc phadm, my pham va
dugc pham. Phin 16n BA trén thi truong hién nay dugc san xut théng qua cac con dudng hoa diu truyén
thong nhu oxy héa toluene pha 10ng hodc clo hoa, tao ra cic phu pham doc hai khong dap tmg duoc tiéu
chuan an toan cho thyc pham (Hardy, 1948). Trong bdi canh hudng téi sy phat trién bén viing, xu hudng
tong hop BA c6 ngudn gde ty nhién tir sinh khdi dang thu hat nhiéu s quan tim (Buck et al., 1987).

Trans - Cinnamaldehyde (CA), thanh phan chinh chiém tir 70-95% tinh dau qué (Cinnamomum cassia),
1a mot tién chat 1y tuong dé tong hop BA tu nhién thong qua qua trinh phén cit retro-aldol hodc oxy hoa
(Buck et al., 1987; Wright & Abbot, 1993), Hinh 1.

Hinh 1. Phdn iing chuyén héa cinnamaldehyde thinh benzaldehyde

XUc tac
—_— + AO
=~ t°C, H,O

Cinnamaldehyde Benzaldehyde Acetaldehyde

Trong do, qua trinh oxy hoa sir dung hydrogen peroxide (H,0,) dugc danh gia la con duong “hoa hoc
xanh” wu viét do san phdm phu duy nhét sinh ra 13 nuéc. Mic du vay, han ché 16n nhét caa CA 14 tinh ky
nudc manh, gay ra hién tuong tach pha trong méi truong phan tmg nudc, dan dén tdc do phan ing cham
va hiéu suat thap (Buck et al., 1987; Wright & Abbot, 1993). D¢ giai quyét van dé nay, B-cyclodextrin (B-
CD) va cac din xuét ciia n6, voi cdu triic hinh nén cut rdng mang “khoang” ky nude va bé mit wa nudc,
duoc sir dung nhu nhitng xtc tac si€u phan tu vu viét (Chen & Ji, 2010; Nie et al., 2014; Xu et al., 2016).
Qua trinh tao phtrc giita -CD va CA gitip hoa tan cac phan tir CA vao pha nudc, dong thoi dinh hudng
khong gian phan tng, thiic ddy tinh chon loc va giam ning lugng hoat hoa. Trong nghién ciru nay, tac gia
tién hanh bién tinh B-CD thanh 2-hydroxypropyl-B-cyclodextrin (2-HP-B-CD) nhim cai thién hoat tinh
xuc tic nho cai thiét tinh wa nudc cua B-CD. Ngoai ra, viée két hop v6i dung moéi propylen glycol (PG)
gitip chuyén phan tng chuyén hoa CA gan nhu dong thé thay vi di thé dang nhii tuong trong pha 1ong. Cac
nghién ctru chi tiét cac yéu td dong hoc, nhu: thoi gian, nhiét d§, dung moi, ty 1€ tdc nhan trong hdn hop
phan tng nham tdi wru héa quy trinh chuyén hoa xanh CA thanh BA.

2. Phwong phap nghién ciru

2.1. Héa chit va dung cu

Cinnamaldehyde (CA) 99 % va benzaldehyde 99% tinh ché tir tinh dau qué Lao Cai, Viét Nam,
B-cyclodextrin 99% (Trung Qudc); Propylene oxide (PO) (Trung Qudc); Propylene glycol (PG) (hing
Dow, M¥); Hydrogen peroxide (30%) (Trung Quéc); Sodium hydroxide (NaOH); Isopropyl alcohol (IPA)
99,8% (VWR, Phap). Thiét bi phén tich chinh bao gdm may quang phd UV-Vis DR 6000 (HACH, M¥);
may phan tich phd hong ngoai FT-IR, Nicolet iS20.

2.2. Téng hop xiic tic 2-hydroxypropyl-f-cyclodextrin (2-HP-5-CD)

Hoa tan 1,5 g NaOH trong 100 mL nudc cit, sau d6 bd sung 5,79 g p-CD va khudy tir trong 1,5 gio.
Tiép theo, 2,83 mL propylene oxide (PO) dugc thém tir tir vao hdn hop. Phan tng duoc duy tri ¢ nhiét do
phong véi tée do khuay 1000 vong/phut trong 24 gid. Két thac phan ung, hdn hop duge trung hoa lugng
NaOH du bang dung dich HCI lodng cho dén pH = 7. Hé duoc ¢6 quay chan khong dé loai bo dung méi,
thu duoc xuc tac dang gel 1ong, sau d6 dem sdy ¢ 180°C trong 5 gid va nghién min, thu duoc 2-HP-B-CD
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thd. 2-HP-B-CD thé duoc dua di tinh ché theo so dd thi nghiém Hinh 2.

Pau tién, 2-HP-B-CD thé dugc hoan tan vao ethanol 99,5% véi lugng vira du, sau do, khuéy déu hdn
hop trong khoang 30 phiit. Trong méi trudng ethanol, mudi NaCl khong tan s& dan két tia. Hon hop dugc
loc dé loai bo hoan toan phﬁn mubi khong tan nay. Dich loc thu dugc tiép tuc duogce lam lanh, sau d6 thém
acetone va khudy trong khoang 30 phut & nhiét d6 tir 0 dén 5°C cho dén khi san pham két tiia hoan toan.

Phén két tua duoc thu bang phwong phép loc, sau d6 hoa tan lai trong luong tdi thiéu ethanol 99% va
tiép tuc cho acetone vao dé két tua lai. Qua trinh hoa tan két tia nay duoc 13p lai nhiéu 1an nhim nang cao
do tinh khiét cua san phrflm, cho dén khi thu duoc két taa dang bt min, mau tr'fmg. Cubi cung, san phém
dugc sdy kho chan khong ¢ 80°C cho dén khi dat d6 4m theo yéu cau.

Hinh 2. Quy trinh tong hop va tinh ché 2-HP-5-CD tir f-CD
Dung dich
‘ B-cyclodextrin + NaOH + H,O>~ B-CD?NaIOH

C Khudy, hdi luu 1,5 giér )—l Nhiét 6 phong

1,2-propylen oxide 2-HP-B-CD va
(nhd giot tir tir) san phiam phuy

( Khudy1ge )—»l Nhiét & phang

HCI 1M Hon hop
Trung hda 2-HP-f-CD thé 1

Cb dac hén hop san
phim, 80 °C

=z
Loc, rira sdn phdm 2-HP-B-CD
( Két tinh, loc 0 - 5°C )—o

Acetone 2-HP-8-CD tinh
séy chan khang, 80 °C ché

2.3. Quy trinh chuyén héa cinnamaldehyde thanh benzaldehyde

Phan ting oxy hda dugc thuc hién nhu sau: cinnamaldehyde, propylene glycol, xtc tac (2-HP-B-CD)
dugc thém vio binh phan ting ba ¢6 gan sinh han hdi lvu. Hon hop duoc khudy tron ¢ nhiét d6 phong trong
10 phut trude khi tién hanh b sung hydrogen peroxide (H,0,) theo phuong phap nho giot. Sau do, hé¢ phan
ung duoc gia nhiét dén nhiét do da dinh va duy tri khuay lién tuc. Mau phan trng dugc thu tai cac thoi diém
dugc dua di phén tich bang phuong phap phd UV-Vis nham xéac dinh nong do ciia cinnamaldehyde (CA)
va benzaldehyde (BA).

Céc thi nghiém nghién ctru dong hoc phan tng chuyén héa dugce tién hanh bang cach nghién ctru cac
yéu t6: nhiét d9, thoi gian phan g, ndng do xuc tac, nong do chit oxy hoa, ty 1¢ dung moi,... (Bang 1)

a2-9-dH-Z doy Bugy yuy Anp

a9-g-dH-Z 242 yun yuuy Anp
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Bang 1. Cac tham s6 nghién ciru dong hoc phan wng chuyén héa CA thanh BA

Thong s6 khao sat Gia trj thay dbi
Thoi gian (phut) 0 30 60 90 120
Nhiét d6 (°C) 60 70 80 - -
Tilé mol H,O,:CA 1:1 2:1 3:1 4:1 -
Ti 1& khéi lwong xuc tac:CA 3:2 1:1 1:2 - -
Ty 1€ mol NaHCO,:CA 1:1 2:1 3:1 4:1 -

Hiéu qua xuc tac cia phan ung dugc danh gia qua ba thong s0 chinh: bo chuyén hoa CA (CH %); hiéu
suat thu hdi (H %); d6 chon loc (CL %), dugc xac dinh theo cac cong thirc sau:
Trong d6: Mca: la néng d06 cua CA tai thoi diém léy mau; cdo: 13 néng do CA ban déu; Npa: néng do
bo chuyén héa CA (CH%): CH% = (1 — :i) x 100%
CAp
D6 chon loc BA (CL %): H% = :ﬂ x 100%
CAg

H%
CH%

Hiéu suit thu héi BA (H %): CL% =

BA tai thoi diém lay mau.
3. Két qua va thao luin
3.1. Pic trung céu tric xiic tic 2-HP--CD

Két qua phan tich cdu trac ciia p-CD va 2-HP-B-CD bang phd hong ngoai FT-IR duoc trinh bay trong
Hinh 3.

Hinh 3. Phé hong ngogi FT-IR ciia méu -CD va 2-HP-$-CD

3325 2918 1640 1360 1152 1020
- poo 5
- e e
/\ /" 2-HP-g-CD :
— \ f v '
s ./
8
S
£
5
%
&=
|
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm?)

Két qua trén Hinh 3 cho thdy, cac dinh peak cia B-CD va 2-HP--CD gin nhu tring nhau. Diéu
nay 1a do mot phan nhom -OH trén vong cyclodextrin d3 duoc thay thé bang nhom -CH,-CHOH-CH,
(hydroxypropyl). Vi vay phd FTIR cia hai chét rit giéng nhau ¢ phan khung glucopyranose, nhung 2-HP-
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B-CD xuét hién thém cic dao dong dic trung ctia nhom hydroxypropyl (Yuan et al., 2015).

Céc dau hiéu dang tin cy tir phd FT-IR c6 thé ching t6 vat liéu 2-HP-B-CD d3 tdng hop thanh cong:

- Xuét hién mot dai ha”ip thy rong va manh ¢ 3325 cm’!, ddc trung cho dao dong kéo gidn cua nhom
hydroxyl (-OH). Trong d6, peak cia B-CD c6 cuong dd nhé hon so véi peak nay cia 2-HP-B-CD.

- So v6i B-CD ban dau, su xuét hién cua peak tai 2918 cm! ddi voi 2-HP-B-CD 16n va cuong do manh
va rong hon so v&i p-CD. Pay chinh 1a dao dong kéo dan lién két C-H trong nhém hydroxypropyl, -CH,).

- Su xuét hién cua peak ¢ 1360 cm™ ctia mau 2-HP-B-CD manh (dao dong bién dang C-H dbi xtmg) 1a
minh chtng cho sy gin két ciia nhém hydroxypropyl (-CH,) Ién vong cyclodextrin.

3.2. Vai tro ciia xuc tic va dung méi PG trong phdn irng oxy hoa

3.2.1. Xdy dung dwong chudn nong dg ciia CA va BA

Puong chuin ndng do ciia CA va BA dugc xay dung bang phuong phap do phd hap thu phan tir UV-Vis
nham muc dich xac dinh nhanh ndng d6 CA va BA bién ddi trong qua trinh phan @mg, Hinh 4. Mau chuan
cinnamaldehyde (CA) tinh khiét 99 % va benzaldehyde (BA) 99 %, dugc pha trong dung moéi methanol
v6i cac nong d6 khac nhau. Sau d6, cac mau duoc phén tich bang phuong phap do phd hap thy UV-Vis
trong dai budc song 190 dén1000 nm. Tir d6 xac dinh duge bude song hz‘ip thu cuc dai (A, ) cua BA va
CA dic trung. Cac dung dich chuan C1-C5 duoc pha tir dung dich gbc benzaldehyde (nong do 2500 pg/
mL trong methanol) thanh cac néng d6 tuwong ung cua C1-C5 lan luot 1a 2,5; 7,5; 12,5; 17,5 va 22,5 pg/
mL. Tuong ty d6i voi xay dung dudng chuin cinnamaldehyde, diy dung dich chta cinnamaldehyde véi
céac nong do 2,8 - 14,2 pg/mL dugc pha tir dung dich gbc c6 ndong d6 2835 pg/mL, (Bang 2).

Bang 2. Thong s6 xdy dung dwong chuin cinnamaldehyde va benzaldehyde

Mau chuén VBA, uL CBA, pg/mL VCA, uL CCA, pg/mL
C1 10 2,5 10 2,8
c2 30 7,5 20 57
C3 50 12,5 30 8,5
c4 70 17,5 40 1,3
C5 90 22,5 50 14,2

Hinh 4. Dé thi dwong chuin CA (a) va BA (b)
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3.2.2. Khdo sat so bg hoat tinh xiic tac va vai tro cua dung moi PG trong phan uing
Dé 1am rd hiéu qua ciia hé xuc tac, cac phan ing ddi chimg di dugc tién hanh (Bang 1). Khi phan tng
thuc hién trong moi truong khong cé xuc tac, sy tach pha nghiém trong gitta CA va pha nuéc chtra dan
dén hé nhil twrong kém bén viing, khién d6 chuyén hoa CA chi dat 34%, d6 chon loc 17% va hi¢u sut BA
& murc rat thap (6%).
Bang 3. Két qua khio st hoat tinh xiic tic trong phan iing chuyén hoa CA thanh BA, (Gia tri D9
chuyén héa (CH%), hiéu suit thu hdi BA (H%) va dé chon loc BA (CL %).

Phan (rng CL (%) CH (%) H (%) Nhiét do: 60°C

N e Thoi gian phan trng: 1h
Kh t 17 34 6

ong xue tac Lwong CA: 1,32g
Cé xuc tac: . 60 56 34 Lwong H,0,: 5mL
2-hydroxypropyl-B-cyclodextrin Lwong PG: 5mL

Su c6 mit cua 2-HP-B-CD da cai thién dang ké dong hoc qua trinh phan Gmg chuyén hoa. Két qua nay
duoc giai thich boi kha ning tao phuc tt giita xuc tac va co chit tham gia phan ting. Két qua nay 13 co s&
tién dé cho cac nghién ctru chi tiét trong phan dong hoc.

3.3. Két qua nghién ciru dpng hoc phan iing chuyén héa CA thanh BA

3.3.1. Két quad nghién ciru anh huong cia nhiét do

Két qua khao sat anh huong cua nhiét ¢ phan tng (yéu td quan trong nhét khi nghién ctru dong hoc)
dugc mo ta trén Hinh 5. Phan ing dugc thyc hién véi cac thong s6 thuc nghiém sau:

- Luong chit xuc tac 2-hydroxypropyl-p-cyclodextrin: 1,32g.

- Thé tich dung mai Propylene Glycol: 5mL.

- Lugng Cinnamaldehyde 99%: 1,32g.

- Nhiét d6 phan ung (°C): T = 40, 50, 60, 70, 80 va 90.

- Thoi gian phéan tng: t = 90 phut.

- Thé tich H,0, 30% = 5 mL.

Hinh 5. Két qud khdo sdt anh hwéng ciia nhigt dp dén higu suit chuyén héa CA (CH%), d¢ chon loc
(CL%) va hiéu sudt thu hoi BA (H%)
Khao sat nhiét d6 tir 40 °C dén 90°C cho thdy d6 chuyén hoa (CH%) CA ting tuyén tinh ty 1é thuin

100
80 4
60 4
=
40
H , %
20 4 CH, %
CL, %
0 ' ' ' " '
40 50 60 70 80 90

Nhiét @, °C

voi nhiét Ao (ting tor 80 % 1én 91%). Tuy nhién, dd chon lgc va hiéu suit tao BA tang sau do giam ¢ gia
tri nhiét do t6i wu tai 70°C véi hidu suit thu hdi BA H% = 58%, chon loc BA CL% = 64%. Khi nhiét d¢
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16n hon 70°C, sy sut giam hiéu suat thu (con 47% & 90°C) xdy ra do phan tmg qua mirc. Két qua nay cho
thay, tai nhiét do cao, BA sinh ra d& dang bi oxy hoa tiép (VD: acid benzoic) hodc phan hiy thanh cac san
pham phu khéc. Do d6, 70°C la diéu kién nhiét dong hoc tdi wu cho cac nghién ctru tiép theo.

3.3.2. Két qua nghién civu anh huong cia thoi gian phdn vmg

Két qua khao sat anh huong cua thoi gian phan ing dugce mé ta trén Hinh 6. Thyc nghiém nghién ciru
anh huong ciia thoi gian téi phan ing chuyén hoa CA thanh BA véi cac diéu kién sau:

- Luong chét xac tac 2-hydroxypropyl-B-cyclodextrin: 1,32 g.

- Thé tich dung méi Propylen Glycol: 5 mL.

- Luong Cinnamaldehyde 99%: 1,32 g.

- Thoi gian phan trng (phut): t = 0; 30; 60; 90; 120; 150 va 180 pht.

- Nhiét d¢ phan tng (°C): T = 70°C.

- Thé tich H,0,, 30% = 5 mL.

Hinh 6. Két qud khdo sdt anh hwéng ciia thoi gian phén tng dén higu sudt chuyén héa CA (CH%), d¢
chon lpc (CL%) va hiéu sudt thu hoi BA (H%)
Két qua trén Hinh 6 cho thay, hiéu suat chuyén hoa CA (CH %) ting theo thoi gian va dat trang thai 6n

100
—H %
50 —a—CH, %
——CL %
‘-'—-__-- ———
60 - al

/
N\

40 -

20 A / - _

0 30 60 20 120 150 180
Theéi gian, phit

dinh & khoang thoi gian tir 90 dén 150 phut. Viéc kéo dai thoi gian 1én 180 phut dan dén d6 chon loc giam
(tir 46% xudng 27%) do su canh tranh ctia cac phan tmg phy. Do vay, thoi gian phan tng t6i wu 1a 90 phut
nham téi wu hoa ning lwong va han ché sy phan hay BA san phdm va duy tri d6 chon loc (CL %) khong
giam nhiéu. Pong thoi, duy tri hidu suét thu héi BA (H %) 6n dinh > 21%.

3.3.3. Két qua nghién ciru anh hieong ciia nong dé chdt oxy héa va xiic tdc

Két qua khao sat anh hudng cua ndng do chét oxy hoa (H,0,) va xuc tac 2-HP-B-CD dugc mo ta trén
Hinh 7. Thyuc nghiém nghién ctru anh hudng cia cac yéu td nay dén phan ung chuyén héa CA thanh BA
véi cac diéu kién sau:

- Luong chat xac tac 2-hydroxypropyl-p-cyclodextrin: 0,66g (0,5%); 1,32g (1%); 1,98g (1,5%).

- Thé tich dung méi Propylen Glycol: 5 mL.

- Lugng Cinnamaldehyde 99%: 1,32 g.

- Thoi gian phan Ung (phut): t = 90 phut.

- Nhiét d6 phan ung (°C): T = 70°C.

- Thé tich H O, 30 % = 2,5 mL (ty 1& 2:1); 3,7 mL (ty 1& 3:1); 5,0 mL (ty 1¢ 4:1); 6,3 mL (ty 1& 5:1).

272
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Hinh 7. Két qud khdo sdt anh hwéng ciia ty 1¢ mol H,0,:CA (A) va ty xuc tac 2-HP-$-CD:CA (B) dén
higu suit chuyén héa CA (CH%), d¢ chon loc (CL%) va hi¢u sudt thu héi BA (H%)

100 100
H % Ho %
o{ A o, % 80 B CH, %
CL.% CL, %
60 - 60
= S
40 40 -
20 1 20
0 0
2:1 3:1 4:1 5:1 0 0.5 1 15 2
Ti1&8 2-HP-BCD:CA
Tilé H,0,:CA

Khi tang ty 1€ mol H,O,:CA tir 2:1 1€n 3:1, hi¢u suat BA tang vot tir 21% lén 31%. Tuy nhién, viéc tang
Ién ty I¢ 4:1 hay 5:1 chi mang lai su cai thién khong dang ke (dat 39% & 5:1) Hinh 7 (A). Xét trén khia
canh an toan cong nghiép va tinh kinh té thi ty 18 H,0,:CAla 3:1 dugc chon dé t6i wu hoa kinh té. Ngoai
ra, két qua khao sat ty 1€ xtic tdc 2-HP-B-CD:CA t6i uu dugc ghi nhén ¢ muc 1,5:1 (theo khoi lugng), Hinh
7 (B). Lugng xtic tac ndy vira du dé cung cap du sb lugng tdm hoat tinh dé dat do chuyén héa va d6 chon
loc t6i wru nht.

3.3.4. Két qua nghién ciru anh huong ciia lwong dung méi PG

Dung mdi c¢6 thé tic dong dang ké dén tdc d6 phan ung, dung mai thich hop c6 thé giup tao diéu kién
thuan loi dé phan tmg c6 d6 dong thé t6i wu (do CA va BA khong hoa tan trong nudc). Khi phan ting &
trang thai dong thé, cac tac nhan tham gia phan tng tot hon va lam ting tdc d6 phan ng, ting hiéu suit
phan tng. Dung mdi PG c6 kha ning hoa ta nuc va CA hodc BA, nén PG giup tuong tic voi cac chat
tham gia phan tng thong qua céc lién két hydro, twrong tac ion hodc cac twong tac khac, nhiing tuong tac
nay c6 thé anh huong dén d6 bén cua cac trang thai trung gian va anh huong dén dong hoc téng thé cua
phan tmg. Do d6, khao sat lwong dung méi 1a mot khia canh quan trong dé hiéu cach dung méi tac dong
1én qué trinh phan tmg va téi wu hoa diéu kién phan tmg.

Hinh 8. Két qud nghién ciru anh hwéng lwong dung méi PG dén hiéu sudt chuyén héa CA (CH%), dp
chon loc (CL%) va hiéu sudt thu hoi BA (H%)

100
H, %
80 ——CH, %
=t CL, %
_‘———__}-q.
‘5‘0‘ /
40
20
|
0 T T T T T
0 5 10 15 20 25

Thé tich cia PG, mL
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Thyc nghiém duoc tién hanh véi cac diéu kién:

- Luong chét xac tac 2-hydroxypropyl-B-cyclodextrin: 1,98g.

- Luong dung méi Propylen Glycol: 0; 5; 10; 15 va 20mL.

- Lugng Cinnamaldehyde 99%: 1,32 g.

- Nhiét d6 phan tng (°C): T = 70°C.

- Thoi gian phan Gng: t = 90 phut.

- Luong H,0, 30% = 5 mL.

Két qua trén Hinh 8 cho thdy, khi thé tich dung méi PG ting 5 dén 10 mL thi d6 chuyén héa CA (CH
%) tang tir 8% 1én 55% va cao nhat 1a 62%. Do chon loc BA (CL %) tang tir 15% 1én 45% va cao nhét Ia
54%. Hiéu suét thu hoi BA (H %) ciing ting % 1én 25% va cao nhat 1 33% khi c¢6 dung méi PG. Nhu vay,
khi c6 mat ciia dung méi PG gitip cai thién dang ké do chon loc ctia phan tng.

Nguoc lai, khi ting lugng dung mai tir 10 dén 20 mL, thi 36 chuyén héa CA (CH %) anh huong khong
dang ké 12 58% va 54%. Piéu nay cho thiy lugng dung méi anh huong khong dang ké dén do chuyén hoa
cua phan ung. Déng tho1i, d§ chon loc BA (CL %) dat trang thai on dinh trong khoang tir 53% va 56%, con
hiéu suat thu hoi BA (H %) giam nhe khi ting lugng dung moéi, tir 33% xudng 30%. Diéu nay cho thiy
tang lwong dung moi khong anh hudng nhiéu dén hi¢u suat thu hoi BA (H %).

4. Két luan

Nghién ctru da chung minh tinh kha thi clia quy trinh oxy héa xanh cinnamaldehyde thanh benzaldehyde
tu nhién bang dudi xtic tac chuyén pha 2-hydroxypropyl-p-cyclodextrin. Xtic tac duge tong hop thanh cong
va céu triic dugc xac nhan qua phd FTIR. Viéc tich hgp hé xuc tac siéu phan tir va dung moi Propylene
Glycol di khéc phuc hiéu qua trd ngai vé kha ning hoa tan cua CA, nang cao toc do truyén khéi va tinh
chon loc cia phan tng. B thong s6 diéu kién ti wu duge xac dinh bao gém: nhiét d¢ 70°C, thoi gian 90
phut, ty 18 2-HP-B-CD:CA 14 3:1, ty 18 lwong xuc tac:CA 1a 1,5:1 trong 10 mL dung méi PG. Tai diéu kién
nay, do chuyén hoa CA CH % = 62%, d0 chon loc BA CL % = 54 % va hiéu suét thu hdi BAH % =33 %m

Loi cim on: Két qud nghién civu ciia dé tai dwoc sw hé tro ciia nhigm vu nghién civu thudc chwong
trinh khoa hoc va cong nghé cip quéc gia KC.07/21-30, M s6 nhigm vu: KC.07.10/21-30.
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Abstract:

Vitex negundo L., a medicinal plant of the family Lamiaceae, is widely distributed across tropical
and subtropical Asia and Afvica. Its essential oil and phenolic-rich extracts have attracted interest as
natural antimicrobial and antioxidant agents amid the growing burden of antimicrobial resistance. This
concise review synthesizes available evidence across four bioactivity groups: Gram-positive bacteria,
Gram-negative bacteria, pathogenic fungi, and oxidative stress. The strongest antibacterial effects have
generally been reported against Gram-positive bacteria, particularly Staphylococcus aureus and Bacillus
subtilis. Gram-negative bacteria are less susceptible because of their outer lipopolysaccharide membrane;
nevertheless, activity has been documented against Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Vibrio cholerae, and related enteric pathogens. Recent studies also support antifungal activity
against Candida albicans. Overall, V. negundo is a promising but insufficiently standardized natural source.
Future research should prioritize chemical fingerprinting, standardized MIC/MBC and MIC/MFC testing,
antibiofilm assessment, cytotoxicity evaluation, and formulation-based delivery.

Keywords: Vitex negundo, essential oil, gram-positive bacteria, gram-negative bacteria, Candida albicans.

Tong quan vé thanh phan hoa hgc, hoat tinh khang khuin va chong oxy hoa
ciia tinh dau va cac hop chit hoat tinh sinh hoc tir Ngii trao (Vitex negundo L.)
Tom tat:

Ngil trao (Vitex negundo L.) la cdy duwoc liéu thuéc ho Lamiaceae, phdn bé rong rdi tai cdc khu viec nhiét
ddi va cdn nhiét déi & chau A va chdau Phi. Tinh dau va cdac dich chiét gidu hop chdt phenolic cia lodi cdy
nay dang dwoc quan tdm nhuw nhitng tac nhdn khang vi sinh vit va chong oxy hoa ty nhién khi tinh trang
khéng thuéc ngay cang gia ting. Nghlen ciru tong quan nay tong hop cdc bang chirng hién co theo bon
nhom hoat tinh sinh hoc: khang khudn trén vi khudn Gram dwong, vi khudn Gram am, khang nam, kha
nang chong oxy héa cia V. negundo. Tdc dung khdng khudn manh nhat thwong dwoc ghi nhdn doi véi vi
khudn Gram dwong, vi khudn Gram dm it nhay cam hon. Cdc nghién ciru gan ddy ciing cho thdy hoat tinh
khéng nam doi véi Candida albicans. Nhin chung, V. negundo la nguon dwoc liéu t nhién giau tiém néng.

Tir khéa: Vitex negundo, tinh dau, vi khudn gram dwong, vi khuan gram am, Candida albicans.
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1. Introduction

The search for plant-derived antimicrobial agents has been strengthened by the continuing rise of
antimicrobial resistance. Unlike single-target antibiotics, essential oils and phenolic-rich plant extracts are
complex mixtures that can act simultaneously on microbial membranes, intracellular enzymes, oxidative
balance and biofilm architecture. This multi-component profile does not automatically guarantee clinical
efficacy, but it provides a scientific basis for screening medicinal plants as complementary antimicrobial
leads (Vaou et al., 2021).

Vitex negundo L., commonly known as five-leaved chaste tree or Nirgundi, is an aromatic shrub or
small tree. The currently accepted scientific name is Vitex negundo L., and the species is placed in the
family Lamiaceae rather than the older Verbenaceae classification. Traditionally, the plant has been used
for inflammatory disorders, respiratory complaints, wounds, skin infections and pain-related conditions.
Pharmacological research has therefore focused on anti-inflammatory, antioxidant, antimicrobial,
antifungal, analgesic (Kamal et al., 2022).

The previous version of this review mainly summarized antibacterial activity of V. negundo essential
oil. In the revised version, the discussion has been shortened and broadened to include Gram-positive
bacteria, Gram-negative bacteria, pathogenic fungi and oxidative stress (Khwaza & Aderibigbe, 2025).

To provide a clearer overview of the current evidence, this review systematically summarizes
published studies on the chemical composition and biological activities of Vitex negundo with emphasis
on antimicrobial and antioxidant properties. The available literature is synthesized according to bioactive
constituents, antibacterial activity against Gram-positive and Gram-negative bacteria, antifungal and
antibiofilm effects, antioxidant capacity, and the proposed mechanisms underlying these biological
activities. Current research limitations and future perspectives are also discussed to identify priorities for
subsequent investigations.

Figure 1. Leaves and branches of Vitex negundo

L

‘s
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Source:Rastogi et al. (n.d.)
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2. Theoretical background and research methodology

2.1. Bioactive composition relevant to antimicrobial and antioxidant activity

The antimicrobial activity of V. negundo is closely related to its volatile terpenoids and non-volatile
phenolic constituents. Essential oils obtained from leaves, flowers, fruits or seeds are usually characterized
by gas chromatography-mass spectrometry. Reported volatile constituents include beta-caryophyllene,
caryophyllene oxide, sabinene, alpha-pinene, beta-pinene, limonene, 1,8-cineole, terpinen-4-ol,
germacrene D, valencene, alpha-copaene, eudesm-4(14)-en-11-ol and n-hexadecanoic acid (Khokra et
al., 2008). However, the dominant compounds vary according to plant part, geography, harvest season,
extraction method and drying conditions. This explains why inhibition zones, MIC values and target
microorganisms differ among studies.

In addition to essential oil constituents, V. negundo leaves and seeds contain flavonoids, phenolic acids,
iridoids, lignans and diterpenoids. Recent antioxidant profiling has highlighted isoorientin, chlorogenic
acid, agnuside, cynaroside and scutellarin as important contributors to free-radical scavenging activity.
Recent anti-candidal studies have also identified phenolic acids, including caffeic acid, chlorogenic
acid, p-coumaric acid and 2,4-dihydroxybenzoic acid, as relevant molecules against Candida albicans
(Wréblewski et al., 2024). Therefore, V. negundo should not be interpreted only as an essential-oil source;
its antimicrobial and antioxidant potential is better understood as the combined effect of volatile and
phenolic fractions.

2.2. Research methodology

This review was conducted through a structured literature survey of peer-reviewed publications
concerning the phytochemistry and biological activities of Vitex negundo L. Relevant articles were retrieved
from PubMed, Scopus, Web of Science, ScienceDirect, Google Scholar, and MDPI using combinations
of the keywords "Vitex negundo”, "essential oil", "phytochemicals", "GC-MS", "antimicrobial activity",
"Gram-positive bacteria", "Gram-negative bacteria”, "Candida albicans", "antioxidant activity", and
"biofilm". Peer-reviewed original articles and review papers published primarily between 2008 and 2026
were included. Studies lacking sufficient experimental information or unrelated to the objectives of this

review were excluded.

3. Results and discussion

3.1. Antimicrobial activity

The literature reviewed consistently indicates that the biological activities of Vitex negundo are closely
associated with its diverse phytochemical constituents. Although considerable variability exists among
studies because of differences in geographical origin, plant organs, extraction procedures, and analytical
methods, several common findings can be identified. Overall, the published evidence demonstrates stronger
antimicrobial activity against Gram-positive bacteria than Gram-negative bacteria, increasing evidence
for antifungal and antibiofilm activity against Candida albicans, and significant antioxidant potential
associated with phenolic-rich fractions. The following sections summarize these findings according to
each biological activity.

3.1.1. Gram-positive bacteria

Across published studies, Gram-positive bacteria have generally been more susceptible to V. negundo
essential oil or extracts than Gram-negative bacteria. This tendency is biologically reasonable because
Gram-positive bacteria have a thick peptidoglycan layer but lack the outer lipopolysaccharide membrane
that restricts penetration of hydrophobic compounds (Islam et al., 2024). As a result, lipophilic terpenoids
can more readily interact with the cytoplasmic membrane, disturb membrane integrity and promote
leakage of intracellular components.

Staphylococcus aureus and Bacillus subtilis are the most frequently reported Gram-positive test
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organisms. Essential oils obtained from different plant organs have shown inhibitory effects against both
species, with leaf and flower oils often performing better than fruit oil. Supercritical fluid extract and
hydrodistilled oil have also been reported to show prominent activity against S. aureus and B. subtilis.
The activity has been associated with terpinen-4-ol, beta-caryophyllene, caryophyllene oxide and related
oxygenated terpenoids. The available evidence supports V. negundo as a stronger candidate for Gram-
positive control than for Gram-negative control, although the exact potency remains study-dependent (Ai,
2014).

From a pharmaceutical perspective, the activity against S. aureus is particularly relevant because this
species is associated with wound, skin, respiratory and healthcare-associated infections. Nevertheless, most
data remain in vitro, and many studies rely on agar diffusion (Hodille et al., 2017). Because essential oils
diffuse poorly through agar, future studies should prioritize broth microdilution, MIC/MBC determination,
time-kill curves and antibiofilm testing against clinically relevant strains, including methicillin-resistant
S. aureus.

3.1.2. Gram-negative bacteria

Gram-negative bacteria are less susceptible to essential oils because the outer membrane, porins
and efflux systems restrict the entry and retention of hydrophobic molecules. Despite this barrier, V.
negundo has shown measurable activity against Escherichia coli, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Vibrio cholerae, Vibrio parahaemolyticus, Vibrio mimicus, Shigella spp. and Aeromonas spp
(Kamruzzaman et al., 2013). The response is usually weaker or requires higher concentrations than those
needed for Gram-positive bacteria.

The most notable evidence for Gram-negative activity comes from studies on enteric pathogens, where
methanolic leaf extract showed bactericidal activity against Vibrio cholerae and reduced bacterial burden
in an infant mouse intestinal model. This suggests that non-volatile polar or semi-polar constituents may
contribute to antibacterial effects beyond the essential oil fraction. Against E. coli and P. aeruginosa,
essential oil and extracts have generally produced moderate inhibition (Atiar Rahman et al., 2023). Such
results should be interpreted as proof of biological potential rather than direct therapeutic equivalence to
standard antibiotics.

For Gram-negative applications, the mostrealistic future direction is not necessarily using crude oil alone,
but improving delivery and combining it with permeabilizing or synergistic strategies. Nanoemulsions,
lipid carriers and polymeric systems may increase dispersion of hydrophobic terpenoids, improve contact
with bacterial membranes and protect volatile constituents from oxidation. Combination studies with
conventional antibiotics are also warranted, particularly for resistant Gram-negative pathogens (Nano-
Enabled Advances in Tea Tree Essential Oil (Melaleuca Alternifolia): Composition, Bioactivity, and
Emerging Roles in Food Protection, n.d.).

3.1.3. Pathogenic fungi and antibiofilm potential

The earlier literature mentioned fungal inhibition only briefly, but recent studies make this part more
important. Candida albicans is the main fungal organism investigated. Seed essential oil has shown strong
antifungal potential against C. albicans, with one study reporting MIC at 4.0 ng/mL. More recent work
on leaf phenolic acids has demonstrated both anti-candidal and antibiofilm activity, including membrane
damage and biofilm eradication after treatment with caffeic acid. These findings are important because C.
albicans biofilms are substantially more tolerant to conventional antifungal drugs than planktonic cells.

The antifungal effect of V. negundo is likely mediated by more than one chemical class. Essential-oil terpenoids
may disrupt fungal membrane integrity, whereas phenolic acids may promote oxidative imbalance,
interfere with adhesion or biofilm maturation, and affect fungal enzyme targets. In silico work has
proposed fungal proteins such as secreted aspartic proteinase 2 as possible targets, but these predictions
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still require biochemical validation. Future antifungal studies should include MIC/MFC, biofilm inhibitory
concentration, mature-biofilm disruption, ergosterol interaction, ROS measurement and mammalian-cell
cytotoxicity (Ravi et al., 2026).

3.2. Antioxidant activity and relationship with antimicrobial effects

Oxidative stress is relevant to this review for two reasons. First, antioxidant compounds may protect
host tissue from inflammatory or infection-related oxidative injury. Second, some antimicrobial actions
of phenolics and oxygenated terpenoids involve disturbance of microbial redox balance, ROS generation
or oxidative damage to proteins, lipids and nucleic acids. Thus, antioxidant capacity and antimicrobial
activity should be considered complementary but not identical outcomes.

Several assays have been used to evaluate V. negundo antioxidant activity, including DPPH, ABTS,
FRAP, ORAC, nitric oxide scavenging, lipid peroxidation inhibition and metal-chelating methods.
Ethanol extract, supercritical fluid extract and phenolic-rich fractions have shown meaningful free-radical
scavenging activity. In a recent LC-ECD/LC-MS/MS study, 39 antioxidant components were screened
and 19 compounds were quantified across different batches. Agnuside, chlorogenic acid, isoorientin,
scutellarin and cynaroside were highlighted as key contributors. This supports the use of chemical
fingerprinting rather than only total phenolic content when standardizing V. negundo materials (Shahidi
& Samarasinghe, 2025).

For product development, antioxidant data should be integrated with antimicrobial data. A candidate
formulation would be stronger if it demonstrates: stable chemical composition, reproducible MIC
values, measurable antibiofilm effect, antioxidant protection in cell-based oxidative-stress models, and
low cytotoxicity. Without these endpoints, the claim should remain limited to in vitro antimicrobial and
antioxidant potential.

Taken together, the available evidence suggests that both volatile terpenoids and non-volatile phenolic
compounds contribute to the antimicrobial and antioxidant activities of V. negundo. Nevertheless, several
methodological limitations still restrict the interpretation and translation of these findings into practical
pharmaceutical applications.

3.3. Proposed mechanisms and research gaps

The proposed antimicrobial mechanisms of V. negundo include disruption of microbial membranes,
leakage of intracellular ions and proteins, impairment of proton motive force, reduction of ATP synthesis,
enzyme inhibition, ROS-related stress and antibiofilm action. Terpenoids such as alpha-pinene, sabinene,
1,8-cineole, beta-caryophyllene and caryophyllene oxide are lipophilic and can partition into microbial
membranes. Phenolic acids and flavonoids may contribute through redox modulation, protein binding and
interference with adhesion or biofilm formation (Patel et al., 2026).

However, important limitations remain. First, chemical profiles vary greatly among plant organs and
collection sites. Second, agar diffusion methods are still overused even though they are not ideal for
hydrophobic essential oils. Third, many studies do not report MIC, MBC, MFC, positive controls, solvent
controls or cytotoxicity in a standardized manner. Fourth, in vivo antimicrobial data remain scarce. Finally,
molecular mechanisms are often inferred from general essential-oil literature or in silico predictions
rather than confirmed by membrane-permeability assays, proteomic analysis, transcriptomics or validated
enzyme assays.

To strengthen future evidence, studies should be designed with authenticated plant material, voucher
specimens, GC-MS or LC-MS fingerprints, standardized microdilution protocols, clinically relevant
isolates, antibiofilm assays, antioxidant assays using at least two complementary methods, and mammalian-cell
safety testing. Formulation studies should evaluate nanoemulsions or lipid-based systems because they
may increase dispersibility and stability of hydrophobic volatile compounds.
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Table 1. Summary of selected studies related to antimicrobial and antioxidant activities

of Vitex negundo

al., (2013)

resistant enteric bacterial pathogens

No. | Authors/year Title DOI
1 Khokra et al., Essential Oil Composition and Antibacterial Studies of | 10.4103/0250-
(2008) Vitex negundo Linn. Extracts 474X.44610
2 Nagarsekar et al., | Evaluation of Composition and Antimicrobial Activity of | 10.4103/0250-
(2010) Supercritical Fluid Extract of Leaves of Vitex negundo |474X.78537
Nagarsekar et al., Ant|OX|d.a.nt and Antlllp|d Peroxidation Potential of 10.4103/0250-
3 Supercritical Fluid Extract and Ethanol Extract of
(2011) ) . 474X.95629
Leaves of Vitex negundo Linn.
Kamruzzaman et In vitro and in vivo bacter.|C|daI.act|V|ty of Y/tex 10.1016/S1995-
4 negundo leaf extract against diverse multidrug

7645(13)60038-3

5 |Aietal, (2014)

Antifungal Properties and Chemical Analysis of
Essential Oil from Vitex negundo Seeds

10.9734/
BJPR/2014/7079

Comparative Evaluation of Polyphenol Contents and

(2026)

evaluation and in silico targeting of DNA Gyrase B and
Secreted Aspartic Proteinase 2 (SAP2)

Saklani et al., Antioxidant Activities between Ethanol Extracts of
6 (2017) Vitex negundo and Vitex trifolia L. Leaves by Different 10.3390/plants6040045
Methods
Development of nanoemulsion from Vitex negundo
7 Balasubramani et | L. essential oil and their efficacy of antioxidant, 10.1007/s11356-017-
al.,, (2017) antimicrobial and larvicidal activities (Aedes aegypti  [9118-y
L.)
Analysis of Antioxidant Compounds in Vitex negundo |10.3390/
8 |Wuetal, (2024) || caves Using Offlne 2D-LC-ECD and LC-MS/MS | molecules29133133
Jaiswal & Kumar, Identification, qu.antlfl.catlon, a.nd b.loactlwt.y of Vl.tex 10.1016/j.
9 (2025) negundo phenolic acids as efficacious anti-candidal mvemed.2025.101550
and antibiofilm agents targeting Candida albicans y ' '
Phytochemical profiling of Vitex negundo seeds via
10 Mustafa et al., UHPLC-QTOF-MS/MS analyses with antimicrobial 10.1371/journal.

pone.0343965

4. Conclusion

Vitex negundo L. essential oil and related phenolic-rich extracts demonstrate consistent in vitro activity
against Gram-positive bacteria, moderate but variable efficacy against Gram-negative bacteria, promising
antifungal and antibiofilm effects against Candida albicans, and considerable antioxidant potential.
Current evidence indicates that V. negundo is a valuable natural source for antimicrobial lead discovery
and pharmaceutical development rather than an immediately applicable therapeutic agent. Nevertheless,
further studies are required to establish standardized phytochemical profiles, validate antimicrobial
efficacy using harmonized methodologies, clarify the underlying mechanisms of action, evaluate safety
through comprehensive toxicological studies, and develop advanced formulation strategies. These efforts
will be essential for translating the promising experimental findings into clinically relevant pharmaceutical

applicationsHll
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