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Tom tit. Tinh dau co nhiéu tiém ning trong cong nghé bao quan trai cay sau thu hoach vi kha ning khang
cac vi sinh vat. Tuy nhién, su bay hoi cta tinh dau dat ra nhitng thach thirc cho hiéu qua khi dé thoi gian
lau. Bé giai quyét vin dé nay, nghién ciu nay kham pha viéc tong hop mot phuac hop bao gdbm beta-
cyclodextrin (B-CDs) va dau vo buai Citrus maxima (GEO) dé tang cuong hoat tinh 6n dinh cua nd. GEO
d3 duoc xac dinh bang phuong phap sic ky khi két hop véi phd khéi (GC-MS). Két qua cho thay c6 hién
dién cua 12 hop chat bay hoi, trong d6 c6 bdn chit chinh cua GEO bao gém: limonene (72.865%), o-
cymene (13.891%), y-terpinene (3.653%) va a-pinene (2.980%). Su hinh thanh phuc hop B-CDs/GEO da
dugc x&c nhan bang pho hong ngoai FT-IR va phuong phép docking phan tir. Pac tinh khang vi khuan caa
phtc hop da dugce danh gia trén Echerichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853)
va Staphylococcus aureus (ATCC 29213) bang cach sir dung phuong phap do duong kinh viing wc ché va
nong do wc ché tdi thiéu (MIC), véi gia tri MIC 1a 40mg/mL dbi véi Echerichia coli (ATCC 25922) va
Pseudomonas aeruginosa (ATCC 27853), va 20mg/mL dbi voi Staphylococcus aureus (ATCC 29213).
Hon nira, phirc hop ciing da thé hién hiéu qua khang nim bang cach tc ché su phat trlen cua Aspergillus
oryzae va Mucor sp. trong khoang thoi gian tir 1 dén 3 ngay. Nhirng két qua nay lam ndi bat tiém nang cua
B-CDs/GEO nhu chat khang vi sinh vat ty nhién va c6 thé duoc sir dung nhu vat lidu bao goi thuc pham c6
hoat tinh.

Tir khoa. Vi bao, tinh dau buai, B-cyclodextrin, vi khuan, nam mdc, bao quan trai cay

1. GIOI THIEU

Tinh déu 13 mdt hdn hop chira cac hop chét bay hoi c6 cac tac dung sinh hoc khac nhau va dugc tng dung
trong nhiéu linh vyre nhu: thue pham, d6 udng, my pham, thude va lam chét tao hwong vi ciing nhu cho liéu
phap huong thom. Tinh diu ciing duoc st dung vi cac dic tinh diét khudn, chéng oxy hoa va chéng ung
thu. Bén canh d06, viéc ung dung tinh dau thuong than thién véi moi truong va khong ddc hai. Tuy nhién,
do tinh kém 6n dinh, d& phan huy va bay hoi ctia ching [1], pham vi ing dung ciia tinh diu trong bao quan
thyc pham con han ché. Tinh dau 1a hdn hop ciia hon 300 hop chét khac nhau, da phan ching & trang thai
hoi do 4p suit hoi cua chung cao & 4p suét khi quyén va nhiét do phong [2]. Nhirng hop chét bay hoi nay
tuong ung voi nhiéu nhém hoa hoc khac nhau, bao gf”)m: alcol, ether, aldehyde, ketone, phenol, hgp vong
khac nhau va dac biét 1a terpenoids [3]

Sy thay d6i thanh phan cac chit hoa hoc va ty 18 phan tram hoat chét trong tinh dau thién nhién phu thudc
vao phan bé dia 1y ciing nhu diéu kién méi trudng [4]. Tinh diu buéi Citrus maxima 1 san phim phuy chinh
clia nganh cong nghiép chiét xuat nudc tréi cay va duge sir dung rong réi trong nganh thyc pham, my pham
va duoc phém. Tinh dau buédi duoc chiét xuat tr vo budi va da duge st dung trong mot thoi gian dai voi
huong thom dic trung [5]. C4c thanh phan co hoat tinh sinh hoc thudng ton tai trong tinh dau cua ciy co
mui nhu: limonene, a-pinene, B-pinene va o-terpinolene cé tac dung khang khuan va cé phd hoat dong
rong. Huseyin Karakaya, Oussalah, M. va cong sur nghién ctru nhiéu tac dung khang khuan ¢ tinh dau trén
cac loai thuc vat khac [6-9].

Cong ngh¢ vi bao (microencapsulation) hién nay c6 thé dugc sir dung dé bao v¢ tinh dau bay hoi ra moéi
truong bén ngoai va gitr tinh 6n dinh cho tinh dau. Cong nghé nay duogc mo ta van tat 1a qua trinh bao phit
cac chét c6 thé 1a khi, 16ng hodc rén vao trong 16i. Cac hat vo c6 kich thudce tir vai trim dén hang ngan
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micrometre[10]. Cyclodextrins (CDs) la cac oligosaccharide vong xoan duoc tao ra do vi khuan nhu
Bacillus macerans phan hiy tinh bot. Pic tinh ndi bat nhat ciia CDs 1a kha nang lién két phan tir v6i hoa
chat d¢ tao ra cac phirc hop. Phirc hgp duoc tao thanh khi cac hop chat gin két va di vao bén trong 13i ctia
CDs. Ngoai ra, khong c6 lién két cOng hoda tri nao bi phd v& hoac duogc tao ra, va cac tuong tac ky nudc cod
thé 1a luc twong tac chinh trong viéc tao ra cac phirc hop nay. Tinh dau c6 tinh chat ky nuéc, do d6 CDs rat
thich hop trong viéc tao ra cac twong tac va giit 1y cac hop chit cua tinh dau. Bén canh do, cac hop chit
tir bén trong cac hat CDs s& dugc giai phong cham ra méi truong bén ngoai [11]. V&i dic tinh khong doc
hai va hiéu qua khang khuan va khang ndm cua tinh dau dé kéo dai thoi gian bao quan thuc pham. Do do,
viéc két hop tinh dau va CDs c6 thé mang lai nhiéu tic dung trong bao quan thyc phiam. Ngoai ra, nhiéu
nghién ctru cho thay su gia ting dang ké tinh lién két cua tinh dau khi chiing dugc tao phirc voi CDs so véi
mg dung ctia ching dudi dang phan tir tw do. Viée sir dung cac phiic hop cac chat véi CDs thay vi chét tu
do s& mang lai loi ich la duy tri tAc dung trén thuc phém 1au hon va dugc su dung voi lidu luong chinh xéc
hon tranh giy doc hai c6 thé xay ra va lam giam dang ké cac sira ddi cam quan khéng mong mudn c6 thé
xay ra dé dam bao an toan thyc pham.

Nham phat trién cac chat bao quan xanh cho thuc pham, nghién ciru nay nham muc dich 1am co sé khoa
hoc dé tao ra cac tai khir tring, hodc cac hop gidy c6 kha nang khang vi sinh vat img dung kéo dai thoi
gian bao quan thyc pham. Dé dat dwoc muc tiéu nay, tinh ddu budi da duoc tach chiét, xac dinh thanh
ph?m hoa hoc va tao vi bao voi B-CDs. Co sé khoa hoc cta viée tao ra phire hop vi bao da duogc danh gia.
Bén canh d6, kha nang khang khuén va khéang nam d3 dugc khao sat nham tao tién dé cho viéc phat trién
va tmg dung phirc hop p-CDs/tinh dau budi.

2. VAT LIEU & PHUONG PHAP NGHIEN CUU
2.1. Vat ligu

Hoa chat B-cyclodextrin (B-CDs) (Macklin Biochemical), Amikacin 10mcg, méi truong MHB, PDA
(Himedia, An Do);

V6 budi duoc thu tir vuron tai tinh Tién Giang, Viét Nam;

Cac gidng vi sinh vat bao gém: Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC27853),
Staphylococcus aureus (ATCC 29213), Aspergillus oryzae, Mucor sp..

2.2. Phwong phap
2.2.1. Ché tao phirc hop p-cyclodextrin (B-CDs) va tinh dau budi (GEO)

Tinh dau dugc chiét xuat tir vé budi bang phuong phap chung cét hoi nuée. Phic hop tinh dau budi (GEO)
va B-cyclodextrin (B-CDs) dugc chuan bi biang cach cho vao 1g p-CDs tinh khiét hoa tan trong 1 mL dung
dich ethanol-nudc cét (1:3, v/v), tron déu bang cdi chay sir. Tiép tuc cho vao lan lugt GEO véi cac nong do
200 mg (GEO1), 400 mg (GEO2), 600 mg (GEO3). Tron déu trong 5 phut. Phtrc hop -CDs/GEO dugc
1am khd bang may dong khd. Nghién thanh bot min va luu trit. Dac tinh ciia mau duoc mang xéac dinh bang
Fourier Transform infrared Spectroscopy (FT-IR) .

2.2.2. Phuong phép xac dinh thanh phan hda hoc cua tinh dau budi (GEO)

Phuong phép sac ky khi ghép khéi pho (GC/MS) thyc hién trén may SCION 456-GC (USA), cot mao quan
Fused silica (Rxi-5ms, RESTEK, M¥) (dai 30m; duong kinh 0.25mm; phim day 0.25mm) lién hgp véi may
khéi phé MS SCION SQ, khi mang Heli (1.0 mL/phut) [12]. Chuong trinh nhiét d6: 80° C (1 phut), ting
5° C/phut dén 170° C, ting 50° C/phat dén 280° C va giir 6n dinh nhiét do ¢ 280° C.

2.2.3. Khao sat kha nang khang khuan caa san phim

Tién hanh dénh gla kha ning khang khuan cua phirc hgp B-CDs, (B-CDs, Al), (B-CDs, A2), va (B-CDs,
A3). Can 0.5 g vao 20 mL mdi truong agar nudc thit da dugc hap khir tring. Tién hanh d6 dia. Sau khi hn
hop héa ran, tién hanh tréi cac chung vi sinh vat E. coli, P. aeruginosa, S. aureus véi mat do 5x10° CFU.mL
1. Panh gia sy xuét hién cua céc khuan lac.

Tir két qua tot nhat bén trén, tién hanh xac dinh kha nang khang khuan théng qua vong phan giai vi khuan.
Hoat tinh khang khuan caa p-CDs/GEO dugc biéu hién dua trén kich thuéc vong khang thong qua phuong
phap khuéch tan giéng thach. Hn hop tinh dau s& tc ché sy phat trién cua E. coli, P. aeruginosa, S. aureus
tir d6 hinh thanh nén vong khang. Tién hanh tao 2 giéng trén dia bing dau duc kim loai c6 duong kinh 0.8
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cm. Mdi giéng cho vao 100 pL dung dich p-CDs (160mg mL) va B-CDs/GEO (160mg mL™), Gidy khang
sinh ddi ching Amikacin 10mcg (Himedia, An D). Trai cac vi sinh vat E. coli, P. aeruginosa, S. aureus
vao dia & mat do 0.5 McFarland (1.5 x 108 CFU.mL?).

Hoat tinh wc ché cac chung vi khuan thir nghiém duoc xac dinh phuong phap pha lodng hoat chat. Pha
lo&ing hdn hop B-CDs/GEO trén dia 96 giéng va chat chi thi mau resazurin dugc s dung dé xac dinh nong
d6 wc ché téi thiéu (MIC, Minimum Inhibitory Concentration). Dé khao sat hoat tinh khang khuan, hdn hop
nay duoc pha lodng thanh cac nong do khao sat tir 0 — 160 ug.mL™. Dich vi khuan dugc nudi cay qua dém
va dugc pha lodng sao cho mat do dat 10°-10° CFU.mL™. Mdi giéng gém 50 pL dich vi khuan trong moi
truong MHB va 50 pL hdn hop ABC & cac nong do pha lodng khac nhau. Céc giéng d6i ching am chira
dich vi khuan va méi truong. Cac giéng d6i chimg dwong chira dich vi khuan, méi truong va khéang sinh
Amikacin & cac nong d6 pha lodng khéac nhau tir 0 — 2.5 mg/mL. Mdi nghiém thirc duoc lap lai 3 1an. Cac
dia thir nghiém va d6i ching sau d6 duoc i ¢ 37°C. Sau 24 gio, 20 pL thudc thir resazurin 0.01 % dugc cho
vao mdi giéng. Quan sat su thay d6i mau, ghi nhan gia tri MIC. Chat chi thi resazurin c6 mau xanh trong
dung dich. Cac giéng c6 sy d6i mau cia dung dich resazurin tir mau xanh sang mau hdng cho thay co su
tang truong cua vi khuan trong giéng. Nong do e ché tdi thiéu (MIC) duoc dinh nghia 1a nong do thap
nhét trong ddy nong do thir nghiém cuia hoat chat c6 thé e ché sy tang truong cia vi khuan (khong 1am doi
mau resazurin) [13].

2.2.4. Khao sat kha nang khang nim cua san pham

Tién hanh danh gid kha ning khang nim cua phac hgp B-CDS/GEQ2. Chiing nim méc Mucor sp. va
Aspergilus oryzae dugc nudi trén cac dia moi treong PDA (200g khoai tay, 20g dextrose, 20g agar va 1 lit
nudc) u 7 ngay ddi véi A. oryzae va 5 ngay dbi voi Mucor sp.. Sau do cit va chuyén nhitng khoanh agar
tron c6 duong kinh 5mm chira to nim sang cac dia méi truong PDA c6 bo sung B-CDs/GEO2 0.2g/mL va
0.3g/mL. va dé & nhiét do phong. Kiém tra tc d6 lan to ctia nam mdc phét trién tir khoanh cay ban dau sau
mdi 2 ngay. Kha ning khang nim dugc xac dinh bang cach do dwong kinh sgi to nAm trong mdi truong
PDA c6 hoac hoac khong c6 B-CDs/GEO2 [14, 15].

2.2.5. Phan tich quang phé hong ngoai bién ddi Fourier (FT-IR):

Dé xac dinh tinh chét cua phuc hop p-CDs/GEO, phuong phép quang phé hdng ngoai bién d6i Fourier (FT-
IR) dugc st dung. Phuong phap FT-IR duoc st dung dé xac dinh céc tuong tac va cau tric phan tur cua cac
chat dya trén viéc phan tich phé hap thu hoic phan xa cua tia hong ngoai twong tac véi mau. Phd FT-IR
ciia CDs, GEO va phuc hop B-CDs/GEO duge xac dinh bang thiét bi quang phd hong ngoai Fourier
(Frontier FT-IR/NIR, Perkin Elmer, USA). Cac phé duoc ghi lai & 6 phan giai 4 cm™ va 40 lan quét/1phat
trén budc séng tir 450-4000 cm'L,

2.2.6. M0 hinh gén két phan tu cua tinh dau va p-CDs

Phuong phap mé hinh héa sy gin két phan tir dugce ding dé xac dinh sy twong tac cua cac phan tir. Phan
mém AutoDock 4.2 (The Scripps Research Institute, La Jolla, CA, USA) da duoc sir dung trong nghién ciru
nay dé du doan cac hop chat cd kha ning lién két manh véi p-CDs [16]. Cau trlic ciia B-CDs, la cau tir lién
két trong cAu tric cua protein kinase (1ZON) duoc ldy tir Ngan hang Dix liéu Protein (PDB ID: 1ZON) [17].
Céu tric ba chiéu (3D) cua cac cau tir tinh dau duoc ldy tir dit liéu Pubchem [18]. CAc ciu tir tinh dau va p-
CDs dugc thém cac nguyén tir hydro va cac dién tich Gasteiger bang phan mém AutoDockTools [19].
AutoGrid 4.2 da duoc sir dung dé tinh toan so dd Iudi trudc khi ghép ndi phan tir. Khdng gian cua ludi la
40 x 40 x 40, v6i khoang cach ludi 14 0,375 A. Sau d6 sir dung phan mém AutoDock 4.2 dé danh gia ning
lugng lién két (kcal.mol ) cua tinh dau va -CDs.

2.2. Phwong phap théng ké va xir Iy s6 liéu

Céc thi nghiém dugc thyc hién véi 3 Ian I3p lai, S6 lieu thu thap duoc tinh gié tri trung binh cac 1an I3p lai,
do lech chuan. Tat ca cac so liéu dugc xtr ly bang cong cu Data analysis trong Microsoft excel 365 va thong
ké bang phan mém Statgraphics XVIII (One-way ANOVA, n=3).
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3. KET QUA VA THAO LUAN
3.1. Thanh phin héa hoc ciia tinh dau buéi (GEO)

Thanh phan hoa hoc cia tinh dau da dugc phan tich boi GC-MS. Sic ky do duoc thé hién trong Hinh 1.
Ham luong tuong ddi ciia mdi thanh phan dugc tinh bang phuwong phap chuan hoa dién tich Peak. Cac thanh
phan hoa hoc duge xac dinh theo thoi gian luu va thu vién khéi phd NIST. Thanh phan héa hoc chinh dugc
trinh bay trong bang 1 va hinh 1.

Bang 1: Thanh phan hoa hoc chinh cua tinh dau vo budi

T |Rt Tén chit g/i‘);“ lwong | Mass El?étiu;?ég hep
1 3.929 a-Phellandrene 0.510 136 924
2 4.065 a-Pinene 2.980 136 934
3 4.659 Sabinene 0.389 136 920
4 4.757 L-B-Pinene 1.196 136 952
5 4.863 B-Myrcene 1.546 136 942
6 5.562 0-Cymene 13.891 134 953
7 5.684 Limonene 72.865 136 930
8 6.235 y-Terpinene 3.653 136 943
9 12.077 9-Oxononanoic acid methyl ester 0.532 186 900
10 12.952 Limonene-1,2-diol 0.455 170 890
11 20.333 Myristic acid, methyl ester 0.429 242 868
12 21.424 Tridecanoic acid, methyl ester 1.553 228 866

Hinh 1: Sic ky @5 GC cua tinh dau vo buoi
i
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Thanh phan héa hoc chinh ciia tinh dau vo budi thu duoc 12 12 hgp chét chiém 99.1%. Trong d6 chiém cao
nhat lan luot 1a limonene (72.865 %), o-cymene (13.891 %), y-terpinene (3.653 %), a-pinene (2.980 %),
tridecanoic acid (1.553 %), B-myrcene (1.546 %), L-B-pinene (1,196 %). Két qua cho thay thanh phan chinh
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khong c6 su khéc biét so vai cac nghién ciu khac. Ham lugng limonene (72.865%) tuong tu nhu nghién
ctru ciia Virendra S. Rana [20] véi ham lugng limonene (70.9%). Tuy nhién, hop chat Limonene (72.865
%), thap hon 7.9 % so véi nghién ciru caa H.X. Phong [21]. Trong khi d6, thanh phan o-cymene (13.891
%) cao hon so v&i nghién ciru cua Natale Badalamenti [22] trén cac ving trong budi C. maxima & Sicily
(Italy) voi ham lugng o-cymenen (0.6 %).

3.2. Phan tich quang phd hong ngoai bién doi Fourier (FT-IR)

Tuong tac tao phuc giira tinh dau budi va B-cyclodextrin (B-CDs) dugc danh gia so bo bang phuwong phap
FT-IR (Hinh 2) Két qua phan tich pho FT- IR cua phuc hop B-cyclodextrin (8-CDs) trudc va sau khi them
vao tinh dau budi (GEO) cho thay ca hai mau déu hap thu & mot sé peak gidng nhau. Peak hap thu manh &
938-1031cm™ va 1156 cm, cho thy cd sy hién dién caa hop chit glycosidic C — O va C — C. Phé hdng
ngoai cua phac hop B—cyclodextrin va tinh dau budi (GEO) khong c6 su khéc biét so vaoi B-CDs (a, b). Tuy
nhién, khi b6 sung GEO vao B-CDs di lam giam d6 hap thu. Mot s6 nghién ctru két hop giita p-CDs va tinh
dau cua kinh gidi cay (oregano essential oil) ciing cho thay cé su tring phé hap thu [23]. Binh hap thu cua
carbonyl (C=0) cuia cac carboxyl acid & 1721.75 cmt d6i véi phirc hop tinh dau B-CDs duoc pha trong
dung dich con. Didu nay c6 thé thay rang. Lugng tinh dau trong d6 c6 cac thanh phan la myristic acid,
tridecanoic acid, 9-oxononanoic acid giai phdng khoi phuc hop.

BCD

1721.75 cm?

T TIDE

Trasmittance (')

WWavenumboer (cna—1)

Hinh 2: Phé Fourier Transform Infrared (FT-IR) a.p-cyclodextrin b. B-cyclodextrin-tinh dau budi. c. B-cyclodextrin-
tinh dau budi trong con

3.3. M6 hinh phan tir gan két tinh diu va p-CDs

Dé danh gia cac tuong tac giita cac phan tir tinh dau va voi p-CDs. Phuong phéap gan két phan tir sir dung
AutoDock 4.2 da duoc thuc hién. Céc phdi tir dwoc gan vao viing trung tm cia p-CDs, két qua thé hién
trong Hinh 2. Két qua cho thiy Limonene-1,2-diol, a-Pinene va L-B-Pinene twong tac manh nhat véi f-CDs
v6i nang luong lién két 1an luot 12 -4,6 kmol™, -4,1 kmol™, va -4,1 kmol. Két qua md hinh phan tir cho
thy rang cac phan tir vira khit voi viing ky nudc vai cau tric xoan cau hinh tuyén tinh. Phan tich chi tiét
cho thiy hai twong tac lién két hydro yéu dwoc hinh gitra nhém OH cua Limonene-1,2-diol va -CDs véi
khoang cach 3,1 A. Hai tuong tac nay da hd trg cAc phan tir Limonene-1,2-diol gin vao vi tri lién két cua
B-CDs.

Hinh 3: M6 hinh gin két phan tir gitra Limonene-1,2-diol va B-CDs bang phan mém AutodocVina 4.2. ) nhin
ngang, b) nhin tur trén xuéng
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3.4. Panh gia kha ning khang khuin cia phirc hep p-CDs-GEO:

Phuc hop B-CDs/GEO vei cac ti 1€ GEO khac nhau (1gram B-CDs: 200mg GEO (B-CDs/GEO1); 1gram B-
CDs: 400mg GEO (B-CDs/GEO2); 1gram B-CDs: 600mg GEO (B-CDs/GEO3)) dugc chuan bj theo phuong

phap 2.2.1. Két qua dém khuan lac trén mdi dia 1a co s¢ dé lya chon phiic hop p-CDs/GEO tét nhit cho
nhitng thi nghiém tiép theo. Két qua duoc trinh bay & hinh 3.

I | Staphylococcus aureus

|| Pseudomonas aeruginosa

Escherichia coli

Hinh 4: Cac chung vi sinh vat (mat db 10° CFU/mL) dugc u trén dia petri v6i cac nghiém thuc a). B-CDs/GEO1,; b).
B-CDs/GEOQ2; c). B-CDs/GEO3

Két qua hinh 4 cho thay B-CDs/GEO2 va p-CDs/GEO3 c6 kha ning khang manh nhat lan luot 13 S. aureus>
P. aeruginosa> E. coli. Trong d6 ca 2 phirc hop p-CDs/GEO2 va B-CD/GEO3 déu cho thiy kha ning diét
99% Staphylococcus aureus. Do dé, chung t6i chon phic hop B-CDs/GEO2 cho nhiing nghién ctu tiép
theo.

Ching toi tién hanh danh gia uéc luong kha ning khang khuan caa phac hop p-CDs/GEO2 dya vao dudng
kinh viing khang khuan ddi vai cac vi sinh vat gram duong S. aureus va vi khuan gram am P. aeruginosa
va E. coli. Theo cac nghién ciru duoc cong bé trude day, duong kinh caa ving e ché (DIZ) dugc danh gia
nhu sau: Khong nhay cam (duong kinh < 8.0 mm), nhay cam vira phai (8.0 < duong kinh <14.0 mm), nhay
cam (14.0 <duong kinh <20.0 mm), va cuc ky nhay cam (duong kinh > 20.0 mm). Két qua cho thay B-
CDs/GEOQ2 c6 hoat tinh khang khuan nhit dinh ddi véi tit ca cac mam bénh da duoc thr nghiém, DIZ dat
gid tri toi da gia tri d6i v6i S. aureus (16.2 + 2.1 mm), tiép theo 1a P. aeruginosa (13.3 + 1.3 mm), E. coli
(10.1 + 0.4 mm), nhu trong Bang 2. Két qua cho thay phiic hop B-CDs/GEO2 ¢ mirc d6 nhay cam vira
phai d6i véi cac chang vi sinh vat gram am. Trong khi do, két qua cho thiy phuc hop nay cé hiéu qua va
nhay cam di véi vi sinh vat gram duong.

Bang 2: Kha ning khang khuan caa phic hop tinh dau budi: p-CDs-GEO2

Vi khuan Puong kinh khang khuan cua: Puong kinh khang khuan
[1[1-CDs-GEO2 cua Amikacin
Staphylococcus aureus 16.5+ 0.5 mm 23.0+ 0.2 mm
Pseudomonas aeruginosa 13.1+£ 0.3 mm 16.0 £ 0.5 mm
Escherichia coli 10.1+0.2 mm 14.2+0.1 mm
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Hinh 5: Hoat tinh tic ché a. Staphylococcus aureus, b. Pseudomonas aeruginosa c. Escherichia coli cua p-CDs-
GEO2 dua trén vong khang khuan.

Nong d¢ trc ché téi thicu (MIC) dugc dinh nghia 1a nong do thap nhat trong day nong do thir nghiém cua
cac phuc hop vi bao cé thé tc ché sy tang truong cua vi khuan (khong lam doi mau resazurin). Két qua
dugc trinh bay ¢ Hinh 6.

7
S.aureus B .\
N

S. aureus |[

P. earuginosa
| /

/ ',"‘»’
i

E. coli § e

P. aeruginosa

E.coli

S. aureus

P. earuginosa

E.coli ¥ & ™ ¥ # v
Hinh 6. Nong d¢ trc ché téi thiéu (MIC) trén cac chiing vi khuan S. aureus, P. aeruginosa, E. coli va cac chang
duong, chirng &m trén cac chung vi khuan thir nghiém
A. S. aureus, b. P. aeruginosa c. E. coli B. Chting duong va chirng &m

O S. aureus, B-CDs/GEO2 c6 nong do MIC dat gia trj thip nhat 1 20.0 mg/mL cho thiy B-CDs/GEO2 ¢6
kha ning khang t6t dbi voi S. aureus ngay ca khi & nong do thap. S. aureus la mét trong nhitng vi khuan
phd bién sbng ¢ da, 15 chan 16ng va dudng tiéu hoa caa con ngudi. Nhitng cong nhan khéng cé triéu ching
c6 thé 1am nhidm thuc pham qua tiép xdc bang tay hoic lay truyén thdng qua dich tiét duong hd hip. Do
do6, S. aureus tro thanh ngudn gay ngd doc thuc phdm. Nhiém doc duong tiéu hda nay xay ra sau khi n
phai thyc pham bi nhiém doc t6 do S. aureus sinh ra.Vi vay, nhiém thuc pham do S. aureus gay ra la mot
van dé nghiém trong ddi véi ca nganh cong nghiép thuc pham va hé thdng chiam sdc stc khoe [24]. Huseyin
Karakaya bao c4o hoat tinh trc ché vi sinh vat ¢ tinh dau budi Citrus maxima véi nong do nong d trc ché
t6i thiéu (MIC) 2.0 ug/mL [25]. Nghién ctru cua Oussalah, M. cho thy S. aureus rat nhay va bi wc ché boi
26 loai tinh dau khéc nhau véi nong do e ché téi thiéu < 4.0 pL/mL [26]. Tuy nhién, viéc nghién cau cac
phtrc hop vi bao va tinh dau c6 kha ning chong lai S. aureu con nhiéu han ché va chua phd bién. Cho nén
kha ning khang S. aureu trong nghién ctru nay cho thay nhiéu tiém ning wng dung trong cong nghé thuc
pham.

P. aeruginosa 1a vi khuan co hoi gay bénh ¢ nguoi. Bac biét, trong thuc pham thit dong lanh P. aeruglnosa
c6 thé SOng & nhiéu nhiét do khac nhau. Do do, P. aeruginosa ciing 1a mdi nguy trong quan ly va bao quan
thuc pham [27]. Trong nghién ctu ndy cho thay phirc hop B-CDs/GEO2 ¢6 kha ning wc ché P. aeruginosa
VGi gia tri MIC=40.0 mg/mL. Lachimanan Yoga Latha va ctv (2010) d& nghién ctru hoat tinh khang khuan
cua chiét xuat Vernonia cinerea (L.) véi P. aeruginosa cho gié tri ndng dé wc ché tdi thiéu (MIC) 1a 3.1
mg/mL [28].

E. coli Ia tryc khuan gram am, d& dang phat trién trén moi truong nudi cdy théng thuong; hiéu ky khi tay
tién; 18n men nhiéu loai dudng va sinh hoi. Trong duong tiéu hoa, E. coli chiém khoang 80% cAc vi khuan
hiéu khi. Nhung E. coli ciing la vi khuan gay bénh quan trong, dimg dau trong cac vi khuan gay tiéu chay,
viém duong tiét niéu, viém duong mat; ding dau trong cac cin nguyén gy nhiém khuan huyét. E. coli c¢6
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thé gay nhiéu bénh khac nhu viém phdi, viém mang nio, nhiém khuén vét thuong [29]. Trong nghién ciu
nay cho thay phirc hop p-CDs/GEO2 c6 kha ning tc ché E. coli véi gia tri MIC=40.0 mg/mL. Jin Wang
(2019) da st dung tinh dau cua nhuc dau khdu Myristica fragrans Hott. Két hop B-CDs dé chéng lai céac vi
sinh vat gay bénh trong thuc phim nhu: S. aureus, S. epidermidis, E. coli, Klebsiella pneumoniae,
Saccharomyces cerevisiae va Bacillus subtilis. Trong d6 gia tri MIC véi Escherichia coli 1a 1.9 mg/mL

[30].

Bang 3. Ndng do tc ché téi thiéu (MIC) cua p-CDs-GEO?2 véi cac chung vi khuén duoc thir nghiém

Chiing vi sinh vit Nong dd we ché tdi thiéu cia: 0 0-CDs-GEO2 (mg/mL)
S. aureus 20.0
P. aeruginosa 40.0
E. coli 40.0

Hiéu qua cuia phirc hop bao gém B-CDs/GEO2 ddi véi vi khuan Gram dwong S. aureus tét hon so véi chong
lai vi khuan Gram am (E. coli, P. aeruginosa), két qua phii hop véi cac két qua trude d6 ciia Smith-Palmer
(2002) va Sun (2014) [31, 32]. C6 thé giai thich riang cac dic tinh khang khuan caa B-CDs/GEO2 ¢ lién
quan dén dic tinh wa béo, dan dén tich tu trong mang. Céc hop chét nay s& thay thé lipid cé trén mang va
anh huong dén cau tric caa mang té bao [33]. Tuy nhién, vi khuan Gram &m c6 mot mang bén ngoai, cung
cAp mot bé mat wa nudc, e ché sy lién két cua hop chat wa béo nhu tinh dau bay hoi véi mang té bao [34].
3.5. Panh gi4 kha niing khang nim ciia f-CDs/GEO2:

B-CDs/GEO2 duoc hoa tan va phdn tan trong méi trudng thach. Hiéu qua khdng nim cua p-CDs/GEO2
dugc xac dinh bang cach do dwong kinh soi to nam trong méi truong PDA. Két qua dugc trinh bay trong
bang 4, hinh 7. Két qua cho thay rang khi B-CDs/GEO2 duoc khuéch tan trong PDA, su phét trién soi nam
cua 2 loai nam thtr nghiém bi e ché & mot mirc do nao d6. Su khac biét dang ké & mau c6 va khong c6
GEO2 c6 thé duoc quan sat thay mot cach rd rang qua duong kinh soi to ndm. Sy phét trién cua soi to ndm
ctia cac loai ndm thir nghiém khéac nhau, manh nhat Ia Mucor sp., tiép theo 1a Aspergilus oryzae. Khi c6 sur
bd sung B-CDs/GEQ2, hau hét soi to nam bi wc ché. Nhitng két qua nay chi ra rang B-CDs/GEO2 c6 thé
kiém soét sy phat trién cia nim va ching té hoat tinh khang nim tdt trong khoang thoi gian tir 1-3 ngay.
Sau thoi gian 5 ngay, hoat tinh khang nam van con, tuy nhién bat dau c6 sy lan to nam & ca Mucor sp. va
Aspergilus oryzae

Bang 4: Budng kinh to cua Mucor sp. va Aspergilus oryzae

Nam moc Puong kinh to ndm (cm) trén| Pudng kinh to ndm (cm) trérl Puong kinh to nim (cm) tréq
moi trudng PDA (mm) moi truong PDA ¢6 bd sung| méi truong PDA ¢ bo sung
B-CDs/GEQO?2 (0.2g/ml) B-CDs/GEQO2 (0.3g/ml)
Ngay 3 Ngay 5 Ngay 3 Ngay 5 Ngay 3 Ngay 5
Mucor sp. 4.5 £0.06 9.0+0.00 | 0.7+0.06 1.4+0.10 0.7+0.0 1.3 +0.06
Aspergillus oryzae | 2.0 £0.10 3.4+0.06 | 0.6+0.06 1.4+0.06 06+0.1 1.4 +0.06

Ngay 5
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Hinh 7: Hoat tinh khang nim cuia p-CDs/GEQ2 véi a) Mucor sp. b) Aspergilus oryzae
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4. KET LUAN

Trong nghién ctru nay, chung t6i da tong hop duoc phuc hop B-cyclodextrin va tinh dau budi. Ty lé p-
cyclodextrin véi tinh dau buoi cho hoat tinh khang khuan 1a 1g B- cyclodextrin: 400 mg tinh dau buoi. Két
qua phan tich FT-IR va gin két phan tir (molecular docking) cho thay Limonene-1,2-diol, a-Pinene va L-
B-Pinene c6 kha ning gin két vao B-cyclodextrin. Cac vi bao cua tinh dau budi ¢ hoat tinh khang khuan
v6i S. aureus MIC=20.0 mg/mL, P. aeruginosa va E. coli MIC=40.0 mg/mL. Phuc hop B-cyclodextrin va
tinh dau budi c6 kha ning khang nam Mucor sp va Aspergilus oryzae tot tir ngay mot dén ngay ba. Qua
nghién ctru ndy, chung t6i dé xuat rang viéc sir dung phwong phap vi bao tinh dau budi véi B-cyclodextrin
c6 thé dugc ap dung trong nganh céng nghiép thuc pham dé kéo dai thoi gian bao quan caa san pham tréi
cay.

L&i cam on: Nghién ciru nay duoc thyuc hién duéi su hd trg vé kinh phi theo chwong trinh nghién cttu khoa
hoc cap co s ciia Truong Pai hoc Nguyén Tét Thanh theo sé hop dong: 2022.01.80/HD-KHCN
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STUDY ON THE ANTIBACTERIAL ACTIVITY OF p CYCLODEXTRIN INCLUSION
COMPLEXES WITH Citrus maxima PEEL ESSENTIAL OIL
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Abstract. The potential of essential oil in post-harvest fruit preservation is well-recognized due to its
inherent ability to inhibit microorganisms. However, its volatility poses challenges for prolonged
effectiveness. To address this issue, the present study explores the synthesis of an encapsulation complex
involving beta-cyclodextrin (B-CDs) and Citrus maxima peel essential oil (GEO) to enhance its sustained

26



Téc gia: Tran Lé Tric Ha va Céng s

activity. GEO’s were determined by gas chromatography coupled with mass spectrometry (GC-MS). GEO's
GC-MS investigation revealed the presence of 12 volatile compounds, with the following four being the
essential oil's primary constituents: limonene (72.865 %), o-cymene (13.891 %), y-terpinene (3.653 %) and
a-pinene (2.980 %). The formation and characterization of the f-CDs/GEO complex were confirmed using
FT-IR spectroscopy and molecular docking methods. The antimicrobial properties of the complex were
evaluated against Echerichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), and
Staphylococcus aureus (ATCC 29213) using the inhibitory zone diameter and minimum inhibitory
concentration (MIC) methods, with MIC values of 40.0 mg/mL against Echerichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853), and 20.0 mg/mL against Staphylococcus aureus (ATCC 29213).
Furthermore, the complex demonstrated antifungal efficacy by inhibiting the growth of Aspergillus oryzae
and Mucor sp. over a 1 to 3-day period. These findings highlight the potential of B-CDs/GEO as natural
antimicrobials and could be used as active food-packaging material.

Keywords. Microencapsulation, beta-cyclodextrin, Citrus maxima pell essentail oil, antibacterial,
antifungal
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