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Tém tit. Nghién ctru nay duoc thuc hién nhdm danh gid hoat tinh khang ndm cta tinh dau 14 Trau
khong (Piper betle L.) d6i v6i ndm Botrytis cinerea va kha nang tng dung trong bao quan trai Dau tay
sau thu hoach théng qua mang bao tinh bét chita tinh dau. Két qua cho thdy tinh dau 14 Trau khéng c6
hoat tinh khéang n&m Botrytis cinerea rd rét, thé hién qua duong kinh vong v khuan dat 20,0 £ 1,8 mm,
noéng do tic ché nadm tdi thi€u (MIC) la 1/8% va néng do diét ndm tdi thiéu (MFC) ddi véi Botrytis
cinerea 1a 0,5%. Trong thtt nghiém bao quan, trai Dau tay duoc xt ly bang mang tinh bt tich hop tinh
dau & cac néng d6 0, 0,5, 1,0 va 1,5% va theo doi trong 8 ngay ¢ nhiét do phong. Pén ngay tht 8,
nghiém thtec chtta 1,0 va 1,5% tinh dau c6 ti 1& nhiém ndm mdc thap hon so véi ddi ching (twong tng
7,1, 6,4 va 46,5%); hao hut khoi lwgng giam con 11,23% va 10,27% (d6i ching 17,61%), trong khi do
cing qua va ham lugng chét rén hoa tan duy tri 6 mace lan lwot 1a 13,85-14,23 N va 10,01-10,31%. Biéu
nay cho thdy mang bao tinh bt sinh hoc chira 1,0-1,5% tinh dau tao hé rao can kép, tc ché€ hiéu qua su
nay mam ctia ndm mdc va cho hiéu qua bao quan tot hon so véi d6i chiing va mang tinh bot khong
chtta tinh dau. Tong hop céc chi tiéu vi sinh, hda sinh, cam quan va trang thai bé mét cho thdy mang
bao tinh bot chita 1,0% tinh dau 1a Trau khong la cong thirc phit hop nhat cho muc tiéu bao quan tong
thé trai Dau tay sau thu hoach.

Tt khoa: tinh dau 14 Trau khong, Botrytis cinerea, trai Dau tdy, mang bao tinh bot, bdo quan sau
thu hoach

Antifungal activity of Piper betle L. leaf essential oil against
Botrytis cinerea and the application of a biodegradable starch-based
coating system for strawberry preservation

Mac Thi Ha Thanh', Dang Quang Anh', Nguyen Ngoc Hoan!, Dao Ngoc Yen Binh!, Bui Thi Chau’,
Ngo Nguyen Nhu Quynh?, Ngo Thai Bich Van!, Vo Van Quoc Bao?*

! The University of Danang - University of Science and Technology, Da Nang, Vietnam
2University of Agriculture and Forestry, Hue University, Hue, Vietnam

* Correspondence to Vo Van Quoc Bao <vvgbao@hueuni.edu.vn>
(Received: 26 May 2026; Revised: 13 June 2026; Accepted: 16 June 2026)

DOI: 10.26459 /hueunijns.v135i1C.8491 103



Mac Thi Ha Thanh va CS.

Abstract. This study was conducted to evaluate the antifungal efficacy of Betel leaf essential oil against
Botrytis cinerea and to investigate its potential application in postharvest preservation of strawberries
through starch-based edible coatings enriched with essential oil. The results demonstrated that Betel
leaf essential oil exhibited pronounced antifungal activity, as evidenced by an inhibition zone diameter
of 200 + 1.8 mm, a minimum inhibitory concentration of 1/8% and a minimum fungicidal
concentration of 0.5%. In the preservation experiments, strawberries were coated with the starch-based
films containing essential oil at concentrations of 0, 0.5, 1.0, and 1.5% and stored at ambient
temperature for 8 days. By day 8, the treatments containing 1.0 and 1.5% essential oil showed
significantly lower mould incidence than the control (7.1 and 6.4 vs. 46.5%), a weight loss reduction to
11.23 and 10.27% (control 17.61%), while fruit firmness and total soluble solids were maintained at
13.85-14.23 N and 10.01-10.31%, respectively. The findings revealed that the bioactive starch-based
coat containing 1.0-1.5% essential oil established a dual-barrier preservation system, effectively
suppressing mould development and therefore providing better preservation than the control and the
starch-based coat without essential oil. In terms of microbiological, physicochemical, sensory, and
surface quality attributes, the starch-based film containing 1.0% Betel leaf essential oil represented the
optimal formulation for comprehensive postharvest preservation of strawberries.

Keywords: Betel leaf essential oil, Botrytis cinerea, strawberry, starch coating, postharvest preservation

1 Mo dau

Dau tay (Fragaria x ananassa) la mot trong
nhitng loai qua mong c6 gia tri kinh t€ va dinh
dudng cao, duoc nguoi tiéu dung trén toan thé
giéi wa chudng nho huwong vi ddc trung va ham
lwong doi dao cac hop chat sinh hoc, ddc biét 1a
acid ascorbic va cac chat chong oxy hoa [1]. Tuy
nhién, vdi dac tinh sinh 1y la loai qua c6 cau trac
mo mém, 16p biéu bi mong va ham luong nudce
cao, Dau tay cuc ky man cam véi cic ton thwong
co hoc va sy tan cong cta vi sinh vat sau thu
hoach [2]. Trong s6 cac tdc nhan gay bénh, ndm
moc xam Botrytis cinerea duoc xem la nguyén
nhan c6t 161 gay ra nhitng ton that kinh t&€ nang né
nhat d&i véi chudi cung tng trai Dau tay trén toan
cau [3]. Bao ti Botrytis cinerea c6 thé lay nhiém tir
giai doan dong rudng, tiém an trong cau trac hoa
va bung phat manh mé ngay ca ¢ diéu kién bao
quan lanh, lam qua théi nhiin va huy hoai hoan

toan gia tri thwong phdm ctia qua [4].

Trong nhiéu thap ky, viéc kiém soat bénh
thoi xam chu yéu phu thudc vao cac loai thudc trie
nam tong hop hoa hoc. Mac du mang lai hiéu qua
tiec thoi, hoa chat, néu lam dung, sé dan dén su
tich lay dw luwong ddc hai trén bé mat néng san,

gay 6 nhiém moi truong va lam gia tang sy xuat
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hién ctia cac chung nam khang thudc [5, 6]. Trude
ap luc tr cdc quy dinh an toan thuc phdm ngay
cang khét khe va xu huéng tiéu dung xanh, viéc
phat trién cac giai phap bao quan sinh hoc (bio-
preservation) an toan, than thién véi méi treong
dang tro thanh wu tién hang dau trong cong nghé
sau thu hoach [7].

Trong bdi canh d6, mang bao sinh hoc cau
tao tit cac biopolymer tw nhién nhu tinh bot,
chitosan, hay alginate dang nhan duwoc su quan
tam dc biét. Tinh bot, véi nhiéu vu diém nhu gia
thanh thap va kha nang tao mang t6t, c6 thé hinh
thanh mot rao can ban tham trén bé mat qua [8].
Lép mang nay gitp kim ham tdc d6 ho hap, giam
thiéu sy khuéch tdn hoi nwdc va kim ham cdc bién
doi sinh ly sau thu hoach [9]. Tuy nhién, ban than
mang tinh bot thuan lai thi€u cac ddc tinh khang
vi sinh vat, khién kha nang bao vé qua trudc sw
xam nhiém cta ndm bénh bi han ché nghiém
trong [10]. D& khic phuc nhuoc diém nay, chién
lwgc tich hop cac hop chét sinh hoc ¢6 hoat tinh
nhu tinh dau thuc vat vao polymer nén dang
duoc xem la mot hudng di dot pha [11].

Tinh dau la Trau khong (Piper betle L.), mot
loai cay duoc liéu ban dia pho bién tai Viét Nam
va Pong Nam A, da dwoc y hoc ¢6 truyén va y

hoc hién dai chttng minh ¢6 pho khang khudn va
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khang ndm cyc ky manh mé [11, 12]. Hoat tinh
sinh hoc cta tinh dau 1a Trau khong la két qua
cua sw ¢ mat doi dao cta cac hop chét phenol ky
nudc nhu eugenol, chavibetol va
hydroxylchavicol [13]. Cac nghién cttu in vitro gan
day da cho thay rang cac dan xuét cta eugenol c6
kha ndng tuong tac truc ti€p, lam gian doan hé
ergosterol trén mang t€ bao cua Botrytis cinerea,
dan dén ro ri ion nodi bao va gay hoai tir bao tir
nam [14, 15].

Mic du tiém nang cua tinh dau la Trau
khong la rat 16n, viéc ting dung truc ti€p chung
lén néng san bi can tré do tinh ky nudc cao, tinh
dé bay hoi, d0 nhay véi anh sdng va dic biét 1a
nguy co gay doc tinh quang hoc hoac lam bién doi
huong vi ban dia ctia qua néu st dung 6 nong do
khoéng phu hop [16]. Viéc nhit hda tinh dau va
phan tan ching vao mang lwdi mang tinh bot
khong chi giai quyét dugc van dé hoa tan ma con
tao ra co ché giai phong cé kiém soat, duy tri
nong d¢ chat khang nam hiéu qua trén bé mat qua
trong su6t chu ky luu trie [17].

Céc cong bd hién c6 vé 14 Trau khong van
chu yéu tap trung vao déc diém hda hoc, hoat tinh
sinh hoc tong quat hodc tng dung trén cac loai
thuc pham va trai cay khac nhau; dix liéu tryec tiép
vé viéc st dung tinh dau 14 Trau khong trong
mang bao tinh bot dé kiém soat nam Botrytis
cinerea va duy tri chat lwong trai Dau tay sau thu
hoach van con han ché [18]. Tt nhitng thuc tién
d6, nghién ctru nay duoc thuc hién nham danh
gia hoat tinh khang nam in vitro cua tinh dau 14
Trau khong d6i véi Botrytis cinerea va khao sat
hiéu qua ctia mang bao tinh bt chita tinh dau la
Trau khong trong bao quan trai Dau tay sau thu
hoach théng qua cac chi tiéu hu hong, nim mdc,

hao hut khoi lwong, hda sinh va cam quan.
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2 Vatliéu va phuwong phap

2.1 Vatliéu

Tinh dau 14 Trau khong duwogc chiét xuat
bang phuong phap chung cat 16 cuén hoi nudc tir
ngudén nguyén liéu thu hai tai Thanh phd
Da Néng.

Trai Dau tay (Fragaria x ananassa) dwoc
tuyén chon ky ludng tir Hop tac xa Dich vu nong
nghiép tong hop Lién Héng (phan phdi cho hé
thong siéu thi GO Da Nang). Qua dwoc chon cd
d6 chin dong déu (75-85% bé mat qua chuyén
mau do dac trung), kich thudc dong nhét, khong
bi t6n thuwong co hoc hay ¢6 ddu hiéu lay nhiém vi

sinh vat.

Chung ndm mdc gay bénh thdi xam Botrytis
cinerea, d6i twong kiém dinh, duoc cung cdp tuw
Truong Pai hoc Khoa hoc Tu Nhién, Dai hoc
Qudc Gia Tp. H6 Chi Minh. Tat ca cac hoa chat,
dung moéi va moéi truong nudi cdy (PDA va PDB)
st dung trong nghién ctru déu dat tiéu chuan

phan tich.

2.2 Panh gia hoat tinh khing nim cua
tinh dau

Phuwong phap khuéch tan giéng thach

Botrytis cinerea dwoc nudi cdy trong moi
treong PDB & nhiét d6 phong dé€ thu huyén phu
nam, sau do trai déu 100 uL dich ndm 1én bé mat
dia PDA v6i d¢ day khoang 4 mm. Cac giéng
thach duwong kinh 6 mm duwgc tao trén bé mat moi
treong va nap 50 pL tinh dau nguyén chat vao
mdi giéng. Pia duoc d& & nhiét d6 phong trong 2
gio, sau d6 u trong t6i 0 nhiét d¢ phong trong 3
ngay. Hoat tinh khang nam duwoc danh gia thong
qua duong kinh vong vo khudn (ZOI) theo cong
thizc:

ZOI(mm) =D —d

trong d6 D la duong kinh vong v6 khuan va d la

duong kinh giéng thach.
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Xac dinh néng do ttc ché toi thiéu (MIC,
Minimum Inhibitory Concentration)

Tién hanh bang phuong phap vi loang
trong moi truong long trén dia 96 giéng. Tinh dau
duwoc pha loang bac 2 trong moi truong PDB
(chtta 0,5% Tween 80 dé ting dd phan tén) nham
tao day nong do tir 4% giam dan xudng 1/64%.
Mbi giéng gom 50 uL dich ndm va 50 pL dung
dich tinh dau 6 néng d6 twong ting. Cac giéng doi
chiing chi chita moi treong PDB va tinh dau ¢ cac
noéng do tuong ung dé kiém soat do vo trung. Dia
dwoc 4 ¢ nhiét d0 phong trong 5 ngay. MIC la
nong do6 thdp nhat cta tinh dau ma tai d6 khong

quan sat thay sy phat trién cua ndm trong giéng.

Xac dinh noéng do diét ndm t6i thiéu (MFC,
Minimum Fungicidal Concentration)

Tt cac giéng khong quan sat thdy suw phat
trién ctia ndm trong thi nghiém MIC, hat 100 uL
dich nudi cdy da dwgc u véi tinh dau c6 nong do
twong tng 1xMIC, 2xMIC va 4xMIC, sau do6 cdy
trai lén bé mat moi truong PDA. Céc dia dwoc i &
nhiét d6 phong trong t6i va theo doi su moc lai
cua ndm. MFC la néng d¢ thap nhat cua tinh dau
khong cho ndm phat trién tré lai trén moi

treong thach.

2.3 Chuén bi 16p bao tinh bot chira tinh dau 14

Trau khong

Lecithin dwoc st dung lam chat nhai hoéa.
Can 2,0 g lecithin, hoa tan trong nuwdc cat va gia
nhiét ¢ 40-50 °C, sau d6 khudy tit ¢ toc do 800
vong/phut trong 15-20 phut. Tinh dau 14 Trau
khong dwgc b6 sung tir tir vao dung dich lecithin
theo ty 1é twong tng voi tlrng nghiém thitc dé tao
nhi tuong tinh dau - lecithin. Dung dich tao
mang duoc pha bang cach phan tan 5,0 g tinh bot
trong nudc cat, gia nhiét 6 80 °C trong 30 phut va
khudy lién tuc (1000 vong/phut) d€ ho hda hoan
toan. Sau khi lam ngudi xuéng 40-50°C, bd sung
sorbitol 1% lam chéat héa déo. Cudi cung, nhii

twong tinh dau — lecithin duwoc phdéi tron tir tir vao
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nén tinh bot — sorbitol va khudy lién tuc; dich
mang dong nhat 1a ché phdm tinh bdt chira tinh
dau 14 Trau khéng (TB-TDT). Cong thiic 16p bao
duoc xay dung theo bon mitc nong do tinh dau: 0,
0,5, 1,0 va 1,5%.

2.4  BGO tri thi nghiém bao quan trai Diu tay

Thi nghiém goém 5 nghiém thtrc: d6i chiing
(khong xtt ly), mang nén khong chtra tinh dau
(0%) va cac mang chita tinh dau ¢ néng d¢ 0,5, 1,0
va 1,5%. Mobi nghiém thirc dugce bo tri 15 trai/l
lan lap, véi 3 Tan lap ddc lap, tuong duong
khoang 0,7-0,9 kg mau ban dau cho mdi nghiém
thite. Trai Dau tay dwoc nhung trong dung dich
16p bao tuong tng, dé€ rao ty nhién, sau dé bao
quan 6 nhiét d6 phong (30 + 2 °C), d6 am khong
khi 75-80%, trong diéu kién théng thoang va han
ché& nhiém chéo. Cac mau duoc theo ddi & cac thoi
diém 0, 2, 4, 6 va 8 ngay bao quan. Thi nghiém két
thic khi qua c6 dau hiéu hue hong r6 rét va khong

con gia tri cdm quan.

25 Cac chi titu danh gia chat lwgng sau
thu hoach

Ty 1& ndm mdc dugc xac dinh bang quan
sat truiec ti€p tai ting thoi diém bao quan. Qua
duoc xem la nhiém ndm khi xudt hién sgi ndm
hodc d6m mdc nhin thdy dwoc trén bé mat. Ty 1é

ndm mdc duoc tinh theo cdng thirc:

Tam (%) = n/N x 100

trong d6 Tnum la ty 1€ ndm mdc (%); n la sO trai cd
ndm mdc; N la tong sO trai theo doi.

Hao hut khoi luwong duwge xac dinh bé“mg
can ky thuat vdéi do chinh xac 0,01 g tai cac thoi
diém bao quan. Ty 1é hao hut khéi luong duoc
tinh theo cong thitc:

M (%) = (a—b)/a x 100
trong d6 M la hao hut khéi luong (%); a la khoi
lwong ban dau cta mau (g); b 1a khdi lugng mau

tai thoi diém phan tich (g).
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Do cling ctia qua duoc xac dinh bang thiét
bi do luc Lutron FR-5120-3, sit dung dau do hinh
tru duwong kinh 3 mm. Trén mdi trai Dau tay, tién
hanh do ngau nhién tai ba vi tri khac nhau trén bé
mat qua; két qua duoc 1dy trung binh va biéu thi
bang Newton (N).

Dénh gia cam quan do mét hoi dong gom 9
thanh vién da qua huén luyén thuwc hién. Chat
long cam quan cua trai Dau tay dwoc danh gia
theo thang diém 10 véi cac tiéu chi mau sdc, mui,
trang thai bé mat; cau truc duwoc md ta cu thé tr

twoi tot dén hu hong hoan toan.

Ham lwong vitamin C duoc xac dinh bfing
phuong phap chudn d6 oxy hoéa kht, st dung
dung dich iod chuan va ho tinh bot 1% lam chat
chi thi.

Tong chat ran hoa tan (TSS) duoc xac dinh
bang khtic xa ké va biéu thi bang do Brix (%).

2.6 Xurlyséliéu

S6 liéu dwgc xt ly bang phan mém Minitab
22. Phueong phap phan tich phuwong sai (ANOVA)
mot nhan t6 duoc 4p dung d€ danh gia sw khac
biét tong thé. Sy khac biét c6 y nghia thong ké
gitta cac gia tri trung binh ctuia ba Tan ldp lai cho
moi nghiém thtc duoc kiém dinh hau nghiém
bang kiém dinh Tukey; cac nghiém thiic ¢ cling
chi® cai ky hiéu a, b, ¢, ... cho biét dai lwong khong
khéc biét c6 y nghia thong ké ¢ mtec tin cay 95%
(p <0,05).

3 K&t qua va thao luan

3.1 Hoat tinh khang nim Botrytis cinerea cua
tinh dau 14 Trau khong
Kha nang tc ché€ ndm mdéc xam Botrytis
cinerea ctia tinh dau 14 Trau khong duwgc minh
chiing rd nét qua thir nghiém khuéch tan giéng
thach (Hinh 1). Tinh dau nguyén chat tao ra vung
e ché€ manh mé véi duong kinh vong vé khuan

dat 20,0 + 1,8 mm. Két qua nay ching to chung
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ndm moc xam nhay voi tinh dau 14 Trau khong
khao sat va cho thdy tinh dau cé tiém nang tng
dung nhw moét tac nhan khang ndm ty nhién trong
bao quan tradi Dau tay sau thu hoach. Botrytis
cinerea 1a tac nhan gy moc xam rat 16n trén qua
twoi sau thu hoach, vi vay kha ndng ttc ché duoc
ghi nhan trong nghién ctru nay c6 gid tri thuc tién
ro rét [15].

Hinh 1. Két qua khuéch tan dia ndm Botrytis cinerea (1):
Thudc khang ndm thwong mai Ibisaol (Medisun); (2):
Tinh d4u la Trau khong; thanh kich thuée: 1 cm

Két qua vi pha loang cho thdy tinh dau la
Trau khong e ché hoan toan sy phat trién quan
sat duoc ctua Botrytis cinerea & néong do tc ché tdi
thiéu MIC = 1/8% (Hinh 2). C4c mau khong ghi
nhan sy phat trién cia ndm trong thit nghiém
MIC. dwgc cdy chuyén trén moi truwong thach
PDA va u trong 5 ngay (Hinh 3). Két qua cho thay
ndm van c6 kha nang phuc hdi sinh truong &
nong do thap hon 1/2%, trong khi khong quan sat
thdy su hinh thanh khuén lac ¢ néng d6 4xMIC
(1/2%). Do d6, ndng do diét ndm t6i thi€u cta tinh
dau la Trau khong ddi véi Botrytis cinerea duoc
xac dinh la 1/2%. Gia tri MFC cao gdp bon lan
MIC cho thdy tinh dau khong chi c6 tac dung tic
ché tam thoi ma con c6 tac dung diét ndm ro rét

dd6i véi nam Botrytis cinerea.

Cac nghién ctru truede day cling ghi nhan
cac hop chat dan xuat ctia eugenol cé hiéu lyc cao

ddi véi Botrytis cinerea va nhiéu loai ndm sau thu
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hoach khac [19]. Vé co ché, hoat tinh khang ndm
cua tinh dau 14 Trau khéng nhiéu kha nang lién
chat

phenylpropanoid nhu eugenol, chavibetol va cac

quan dén cac hop phenol  va
cau ti thom ky nude, von duoc ghi nhan la thanh
phéan déc trung ctaa Piper betle. Cac hop chét nay
c6 thé tuong tac véi mang t€ bao ndm, lam giam

tinh toan ven cua mang, tang tinh thdm thau va

4% 2% 1% 12% 1/4%

Tinh déu
+

NAm Botrytis
cinerea

Tinh ddu + PDB

anh huong dén hé sterol mang, dac biét la
ergosterol; ttt d6 can trd sinh treedng ctia hé soi va
kha nang moc lai cia ndm [20]. Vi vay, tinh dau la
Trau khong co hoat tinh khang ndm manh d6i véi
Botrytis cinerea va du co so d€ tich hgp vao 16p
bao tinh bdt nham khao sat hiéu qua bao quan trai
Dau tay o diéu kién in vivo.

PDB  Tinh diu100%

1/8% 1/16%  1/32% 1/64%

NG NN
06699,

ING

Hinh 3. Két qua xac dinh gid tri MFC cta tinh dau 14 Trau khong d6i véi ndm Botrytis cinerea sau 5 ngay theo doi

Nam Botrytis cinerea dwge xtt ly véi tinh dau 14 Trau khong ¢ cac nong d6 twong tng gid tri IXMIC (A); 2xMIC (B);
4xMIC (C).

3.2 Anh huéng ciia mang bao TB-TDT dén ty
1é nAm mdc, hao hut khéi lwong va dé
cing cua trai Dau tay

Ty 1é nAm méc
Ty 1é ndm mdc trén trai Dau tay tang theo

thoi gian bao quan O tdt ca cdc nghiém thuec,

nhung muc tdng khac nhau ro rét tuy theo nong

d6 tinh dau trong mang bao (Hinh 4). Trong 2

ngay dau, tdt ca cac mau chwa c6 ndm mdc. Tir

ngay thtt 4, trén mau d6i ching bat dau xuat hién
nam voi ty 1€ 17,7%, cao hon 1 rét so voi cac mau
c6 bao mang, trong do6 trén nghiém thitc 1,0% va

1,5% chua xudt hién ndm. Dén ngay thi 8, ty 1é

nadm mdc & mau ddi ching tang 1én 46,5%, trong

khi trén cadc nghiém thuc 0, 0,5, 1,0 va 1,5% lan
lwot 1a 36,7, 19,4, 7,1 va 6,4%. Nhu vay, hiéu qua
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khang ndm tang rd khi bo sung tinh dau, déc biét
¢ khoang nong d6 1,0-1,5%.

Két qua nay cho thdy mang nén tinh bot tu
than da co tac dung nhat dinh trong viéc can trd
sw xuat hién ndm mdc nho tao 16p bao ban tham
trén bé mat qua, nhung hiéu qua chi that sy rd khi
c6 thém tinh dau la Trau khong. Diéu dé phu hop
voi xu hudng chung da dugce xac nhan trong phan
tich gdp trén trai Dau tay: 16p bao an dwoc lam
giam dang ké ty 1& hu hong va th6i mdc so véi
mau khong bao, con 16p bao chtra tinh dau
thuong cho hiéu qua khang ndim manh hon nho
bd sung pha hoat tinh sinh hoc.

Vé mdat co ché, kha ndng tc ché nam
Botrytis cinerea trong thi nghiém in vivo tai nong
ddé 1,0-1,5% tuwong quan thuan véi két qua
MIC/MFC da xac dinh trude d6 (1/8% va 1/2%).
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Tinh dau duoc gitt va phan tdn trong mang
polymer ctia mang cé thé duy tri mét 16p hoat
chét trén bé mat qua va kim ham sy ndy mam cta
bao t&t va su phat trién cua hé s¢gi ndm. Céc

nghién ctu gan day trén trai Dau tay cing ghi

00000 00000

0 2

4
Ngay theo déi

nhan hién twong twong ty: 16p bao chira tinh dau
hodc nano nhii twong tinh dau lam giam bénh thdi
xam, giam ty 1€ hu hong va kéo dai thoi gian bao
quan [21, 22].
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1 64
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Hinh 4. Ty 1& nfm mdc xuat hién trong qua trinh bao quan trai Dau tay

Hao hut khdi lugng

Su hao hut khéi lwong dién ra manh trong
sudt qua trinh bao quan & tat ca cac nghiém thuec,
phan anh sy mat nudce va tiéu hao chat du trix sau
thu hoach. Tuy nhién, cac mau duoc bao TB-TDT
luén cé hao hut khoi lwong thap hon déi ching

e DN
N A N0 O

Hao hut khoi lwong (%)
()
[}

SN A N

(Hinh 5). O ngay tht 2, hao hut khdi luong cta
déi ching la 2,11%, cao hon so voi cac nghiém
thite con lai. Xu hudng nay tiép tuc rd hon ¢ céc
thoi diém sau. DPén ngay tht 8, hao hut khéi
lwong cua d6i chung dat 17,61%, trong khi ¢ cac
nghiém thtec 0, 0,5, 1,0 va 1,5% lan luwot 1a 13,48,
12,35, 11,23 va 10,27%.

Hinh 5. Ty 1& hao hut khdi luong trong qua trinh bao quan trai Dau tay

Cac s0 liéu nay cho thdy mang nén tinh bot
da tao duoc hiéu ting khang dm kha rd va viéc bd
sung tinh dau lam tang thém hiéu qua. Hiéu qua
bao quan ctia hé mang trong nghién cttu nay la do
tac dong phoi hop cua nén tinh bt va tinh dau 14
Trau khong. Nén tinh bdt b6 sung sorbitol tao
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mang ban tham trén bé mat qua, tao nén mot rao
can vat ly giap han ché truyén dm va lam cham
mat nuwdc; trong khi d6, tinh dau déng vai tro rao
can sinh hoc d6i véi tac nhan gay bénh. Hé TB-
TDT tao ra hiéu qua kép: kim ham cueong do ho

hap va giam thiéu su tiéu hao co chét hiru co ndi
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sinh cua qua, nho vay lam giam ton that khoi
lwong cua qua [23, 24]. Diéu nay cang dwgc ching
minh khi Taban [25] ciing cong bd trai Dau tay
duoc bao mang nhin chung ¢6 hao hut khéi luong

thdp hon dang ké so véi mau khong bao.

Do cling

D6 cting 1a mét trong nhitng tiéu chi co ban
dé€ danh gia tdc d6 1ao hoa va gia tri thwong pham
cua trai Dau tay do cdu triic qua nay von rat nhay
cam voi st phan huy enzyme ctuia thanh t&€ bao.
Két qua khao sat (Hinh 6) cho thdy d¢ cing ¢ xu
hudéng giam dan ¢ tit ca cac nghiém thic theo
thoi gian bao quan, nhung tdc d6 suy giam co su
khac biét ro rét gitta cac 16 xt ly.

Tai thoi diém ngay thit 8, mau d6i ching cé
mttc syt giam dd cing nghiém trong nhat, chi con
10,61 N, twong duong véi viéc mat di hon 50% gia

tri ban dau. Nguoc lai, cic mau xt ly bang mang

bao tinh bdt tich hop tinh dau 1a Trau khong (TB-
TDT) duy tri dwgc ciu trac qua tét hon dang ké.
Déc biét, nghiém thirc bd sung 1,0% va 1,5% tinh
dau c6 kha nang bao ton d¢ cing tot nhat, dat gia
tri Tan lwot 1a 14,23N va 13,85N tai cudi giai doan
theo doi.

Su duy tri d6 cing nay c6 thé la co ché tac
dong kép ctia hé mang bao. Lop nén tinh bdt tao
ra mot rao can khi quyén bién doi, han ché su tiép
xuc véi oxy va ha thap tdc d6 ho hdp cua qua, tie
d6 tc ché hoat tinh ctia cac enzyme thuy phan
nhu pectinmethylesterase va polygalacturonase,
nhitng tadc nhan chinh gay hoa tan pectin va lam
mém mo qua [25]. Ngoai ra, sy c6 mat cta cac cau
tie c6 hoat tinh sinh hoc trong tinh dau 14 Trau
khong (dac biét 1a cac hop chédt phenol) c¢6 kha
nang khang khuan manh mé, giup ngan chan su
xaAm nhiém ctia soi ndm vao cau tric t€ bao, bao

vé tinh toan ven cua vach t&€ bao [21].
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Hinh 6. Su thay d6i d ciing trong qua trinh bao quan trai Dau tay

biém dang cha y la hiéu qua cua tinh dau
khong tang tuyén tinh theo nong d6. Mac du
nghiém thittc 1,5% c6 kha nang kiém soat ndm
mdc va giam hao hut khéi luwong rét tot, d6 cing
cudi ky lai thdp hon so véi nghiém thirc 1,0%.
Diéu nay c6 thé la do nong d6 tinh dau caQgp thé
gdy stress sinh ly hodc thuc day ho hap, lam cho
qua mém nhanh hon. Vi vdy, néu xét dong thoi
gitta ty 1& nhiém ndm thdp, hao hut khdi luong

nho va duy tri d§ ctng cao, thi nghiém thirc 1,0%
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la cong thirc can bang va hiéu qua nhat cho muc

tiéu bao quan tong thé trai Dau tay sau thu hoach.

33 Anh huwéng ctia mang bao TB-TDT dén
ham lwgng chit rin hoa tan va vitamin C
cua trai Dau tay
Ham lwong chét rén hoa tan tong s8 va

vitamin C la hai chi thi hda sinh c6t 161 phan énh

muc do tién trién cta qua trinh 140 hoa va su suy
giam gia tri dinh dwong cua trai Dau tay sau thu

hoach. D@ liéu thuc nghiém cho thdy xu hudng
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giam dong thoi cua ca hai thong s6 nay theo thoi
gian, nhung dong hoc ctia qua trinh thoai hda
chiu su can thiép manh mé cta cac hé mang bao
sinh hoc.

Dai véi chi tiéu TSS (Hinh 7), su sut giam
chu yéu xudt phat tir viéc m6 qua lién tuc tiéu thu
cac loai duong hoa tan va acid hitu co nhw nguén
co chét co ban (respiratory substrates) d€ duy tri
hoat dong ho hap hiéu khi. Vao ngay bao quan
thtr 8, mau d6i ching bi ton that nghiém trong
nhat, giam tr 12,12% xudng chi con 8,05%. Nguoc
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lai, mang bao TB-TDT da kim ham dang ké t6c do
tiéu hao co chat, trong d6 cac nghiém thic bo
sung 1,0% va 1,5% tinh dau duy tri dwgc luwgng
TSS 6 muc cao, lan lwot 1a 10,01% va 10,31%. Day
la két qua caa sy hinh thanh rao can khi quyén vi
mo cuia mang luéi polymer tinh bot két hop voi
tinh ky nwdc ctia pha lipid (tinh dau). Rao can vat
ly nay lam giam d¢ tham oxy, tit d6 tc ché toc do

trao doi chét, giup qua roi vao trang thai ngu

dong nhe va tc ché qud trinh phan giai
carbohydrate [8].

4 6 8
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Hinh 7. Sy thay d6i ham luong chét rin hoa tan trong qua trinh bao quan trai Dau tay

Sy khéc biét vé co ché tac dong cua tinh
dau thé hién sic nét nhit thong qua dong hoc
phan huy vitamin C (Hinh 8). La mdt hop chat
chdng oxy hda nhay cam, acid ascorbic thoai héa
manh dudi tac dung ctia enzyme ascorbate
oxidase va cac goc tw do sinh ra dudi tac dong cta
stress mdi trueong. Sau 8 ngay, mau DC danh mat
hon 65% ham luong (giam tir 46,92 xudng 16,0
mg%). Didm dang chti ¥ la nghiém thitc 1,0% tinh
dau da chiing minh néng luc bao vé vi chat téi uu
khi gitr lai duoc 27,23 mg%. Su bao toan nay la két
qua cta tac dong hiép dong: mang nén tinh bot
han ché oxy tiép xtc con cac hgp chat phenol ti
tinh dau la Trau khong la chat bét goc tu do, tao
ra moi truong vi e ché qud trinh oxy hda noi
sinh [21].
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Tuy nhién, khi néng d6 tinh dau duoc nang
lén muc 1,5%, ham luwong vitamin C lai ¢ xu
hudéng sut giam nhanh hon (chi con 24,2 mg o6
ngay tht 8). Su dao chiéu dir liéu nay hoan toan
twong thich véi gia thuyét vé ng kich sinh ly do
ngd doc mod (phytotoxic stress) da duoc quan sat &
chi tiéu do cung. Viéc tiép xuc voi hoat chat
khang khuan 6 nong d6 qud cao co thé da lam ton
thuong hé théng mang t&€ bao, kich hoat co ché
phong vé ctia md thure vat. Qua trinh nay tao ra
mot luong 16n cac thuc thé chita oxy hoat dong
(Reactive Oxygen Species), budc t€ bao qua phai
huy dong va tiéu thu nhanh chéng luong acid
ascorbic du trit d€ phan huy cac doc td ndi sinh
nay [26]. Do d6, cac di liéu co ly va hda sinh mot

lan nita cho thdy nong do tinh dau 1,0% la nong
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d06 thich hgp nhat cho muc tiéu bao quan tong thé
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trai Dau tay sau thu hoach.
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Hinh 8. Sy thay d6i ham luong vitamin C trong qua trinh bao quan trai Dau tay

34 Anh hwéng mang bao TB-TDT dén chi
tiéu cam quan caa trai Dau tay

Quan sét triec quan hinh thai qua trong sudt qua

trinh bao quan (Hinh 9) cho thiy cac nghiém thtic

c6 bo sung tinh dau, dac biét & néong do 1,0% va

1,5%, duy tri duoc trang théai qua t6t hon so véi

d6i chiing va mang nén 0%. O cac mau doi ching,

hién twong thAm sam, nhian bé mat, mém mo va
mdc xam xuat hién sém hon; trong khi do, cac
mau cé tinh dau gitt duoc hinh dang va mau sic
dong déu hon trong cung khoang thoi gian theo
doi. biéu nay tuong dong voi két qua vé ty 1é hu
hong, ty 1é ndm mdc va hao hut khéi luong da
trinh bay & muc 3.2.

S eseReN Y
IRA T CE
oV YOOIV OV
AATAALE AL LS
T AZKILLAL I

Hinh 9. Hinh anh trai Dau tay theo déi trong qua trinh bao quan

Két qua danh gia cam quan bang phuwong phap
cho diém

Két qua trén Hinh 9 cho thdy diém cam
quan vé cac chi tiéu mau sac, mui, trang thai bé
mat va cau tric & mdi nghiém thitc déu giam dan

theo thoi gian bao quan, cho thdy su suy giam
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chat luong tu nhién cua trai Dau tdy sau thu
hoach do ham luong nuéc, téc dé6 ho hap va toc
d6 mat nudc cao. Viéc bo sung tinh dau 14 Trau
khong vao mang bao tinh bot c6 anh huong rd rét
dén kha nang duy tri chédt luong cam quan cta

trai Dau tay trong qua trinh bao quan nho sy diéu
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chinh qua trinh ho hip va hoat tinh khang khuan
cua 16p bao; diéu nay ciing twong dong véi cac
két qua nghién ctru trudce day [2, 14, 27].

Déi véi chi tiéu mau sic, cac mau trai Dau
tay 0 nghiém thitc chita tinh dau véi nong do 1,0
va 1,5% duy tri diém mau cao hon dang ké so voi
mau d8i chiing trong qua trinh bao quan. Dac biét
0 ngay thtt 4, nghiém thitec 1,0 va 1,5% c6 diém
mau cao hon rd rét so véi ddi chiing (dai qua mau
ddi chiing kho héo, mau xanh tham hodc xanh
den; qua chuyén sang mau dé tham; than qua c6
nhiéu ddm den 16n). Bén ngay thit 6, hai nghiém
thtrc nay van giit dugc mau sic twong ddi twoi véi
s0 diém lan luot la 517 va 6,67; trong khi d6i
chiing va nghiém thitc néng d6 thap hon (0,5%)
c6 diéfm mau giam manh xudng khoang 2,0-2,8
diém. Két qua nay cho thdy tinh dau la Trau
khong cé kha nang tic ché qua trinh thdm mau
cua qud; diéu nay co thé lién quan dén tac dung
khang vi sinh vat va han ché sy phat trién cua
nam moc trén bé mat. Nong d¢ tinh dau cang cao
cang kim ham sy phat trién cua ndm mdc. Tt d9,
qua trinh hinh thanh cac vét tham, théi rita va
bién mau trén qua dau ciing giam, giap duy tri
chét luong cam quan cua trdi Dau tdy theo thoi
gian bao quan [28, 29].

D4i véi chi tiéu mui, két qua cho thay khi
nong do tinh dau ting, diém cam quan vé mui cd
xu hudng giam nhe trong giai doan dau bao quan
do mui ddc trung cua tinh dau dan 1an at mui tw
nhién ctua Dau tay, do d6 mau mui ctia mau d6i
chiing dwoc danh gia cao. Tuy nhién, dén ngay
thit 6, nghiém thttc 1,0 va 1,5% van duy tri diém
mui & mic chap nhan duoc, lan luot dat 7,17 va
5,33 diém véi mui hai hoa, cho thady qua van con
mui dau dac trung va chwa xudt hién ré6 mui chua
hodc hu hong. Vé trang thai bé mat va cau truc,
cac mau bd sung tinh dau van duy tri duoc hinh
thitrc twong doi nguyén ven va chuwa xuat hién hue
hong nghiém trong dén ngay thtt 6. Khong co6 su
khac biét c6 y nghia vé chét lwgng cam quan tong

thé gitta hai nghiém thitc c6 nong do tinh dau 1
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va 1,5%; vi vay, nghiém thitc bd sung 1% tinh dau
vao mang la phit hop d€ can bang gitta hiéu qua
bao quan va dac tinh cam quan cta trai Dau
tay [30].

Két qua do mau trdi Dau tiy theo thoi gian
bao quan

Tién hanh danh gid mau sic cta trdi Dau
tay bang may do mau tai cic mau d6i ching (-), 0,
0,5, 1, 1,5% va mau ddi chiing (+) trong 8 ngay.
Két qua duoc trinh bay trong Bang 1.

C6 thé thay cac gia tri L*, a* va b* déu bién
dong theo thoi gian bao quan. Gia tri L* giam o tat
ca cdc mau, phan anh xu huéng sdm mau va mat
nuéc; tuy nhién, mic giam & cidc mau ¢ bs sung
tinh dau, déc biét 1,0 va 1,5%, thap hon so véi d6i
chiing va mang nén 0%. Chi s6 a*, dai dién cho
sdc do dic trung cta trai Dau tay, duy tri 8n dinh
hon ¢ cac nghiém thirc ¢6 tinh dau. Véi chi s6 b*,
st bién dong & cidc mau cé tinh dau cling thap
hon, cho thdy nén mau cua qua it bi thay d6i hon

trong qua trinh luwu trit.

Nhin chung, xét riéng vé mau sac, nghiém
thirc 1,0% cé xu hudng thuan loi nhat; trong khi
nghiém thtec 1,5% van cho hiéu qua tot hon ro rét
so voi cac mau déi ching va cdc mau ndng do
thdp. Két qua nay tuong thich vé6i phéan tich gop
gan day, trong d6 mang bao c6 bd sung tinh dau
thuong hd tro duy tri t6t hon cac thudc tinh bé
m4t va mau sic cua trai Dau tay trong qué trinh

bao quan [25].

Tong hop toan bo dit liéu cho thdy mang
TB-TDT, déc biét & nong d6 1,0-1,5%, c6 hiéu qua
rd rét trong viéc tc ché Botrytis cinerea, giam toc
d6 hue hong, han ché ndm mdc, giam hao hut khoi
lwong va duy tri chat luong cam quan cta trai
Dau tay. Tuy vay, néu xét ¢ néng do 1,5% thi bé
mdt trdi Dau tay co hién tuwgng von cuc nhe, xudt
hién nhitng chdm tham den sau 7 ngay theo doi.
Trén co so d6, chung t6i dé xudt 1,0% la néng do

phtt hop nhat cho muc tiéu bao quan tong thé.
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Hinh 10. Diém danh gid cam quan c4c tiéu chi mau sic, mui, trang thai bé mat va ciu tric ctia cdc mau trai Dau tay
theo thoi gian bao quan

114



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Ty nhién
Tép 135,56 1C, 103-117, 2026

pISSN 1859-1388
elSSN 2615-9678

Bang 1. Két qua do mau bang méay do mau

pC 0 0,5 1 15

L' | 5051°+1,12 48,30 + 1,21 46,34% + 0,84 47,69° + 0,95 46,910 + 1,34

Ngay0 | @ 37,172+ 0,55 39,90 + 1,53 35,69 + 0,94 36,87+ 1,72 35,59" + 0,78
b | 287204077 25,792 +1,29 24,44 + 0,89 28,56 + 0,64 25,300 + 2,25

L | 41,31®£1,18 44,06 +2,55 45,22 +3,86 46,31+ 1,84 41,07 +1,03

Ngiy 2 a” | 40,090+1,69 45,73 +2,85 38,210 +0,27 45,330+ 2,02 36,94 + 1,69
b | 2246°+0,55 25,36 + 0,69 25,48+ 1,77 29,44+ 1,14 18,304 £ 0,62
L' | 31,520+1,09 32,13+ 1,21 36,07 +2,37 37,61+ 1,46 35,63% £ 1,19

Ngay 4 a” | 3800°+0,39 40,54 + 1,65 36,395 + 0,42 35,91 + 1,75 33,96+ 1,40
b 9,80° + 0,65 10,45+ 1,24 13,98 + 1,34 13,390 + 0,59 12,330 +1,22

L' | 207724215 19,162+ 1,22 22,87 +0,18 25,26 + 2,03 25,54 + 0,37
Ngay 6 a® | 22,632£037 30,41 +2.10 26,43% + 1.50 27,18+ 1.98 25,61 + 0.42
b’ 7,112+ 0,36 9,01 + 0,60 8,80 + 1,61 10,040 + 1,14 7,37 +0,65

L 2,28 +0,73 3,89% +1,02 5,48% + 1,07 7,34+ 0,46 6,33+ 1,12

Ngiy8 | a 13,552 + 0,69 15,824 + 1,30 18,16% + 2,17 18,25% + 2,66 18,880 +1,57
b’ 2,802 +0,73 4,50 +1,35 7,492 + 0,66 7,43+ 0,31 6,63+ 1,51

Ghi chii: Céc gia tri trung binh cung chit cdi thi khong khéac biét c6 y nghia thong ké & mirc 5% (p < 0,05).

4  Kétluan va kién nghi

Tinh dau la Trau khong cé hoat tinh khang
nam ro rét ddi voi Botrytis cinerea voi dwong kinh
vong vo khudn dat 20,0 + 1,8 mm, gia tri MIC =
1/8% va MFC = 1/2%. Thtt nghiém in vivo véi trai
Déu tay 4p dung mang bao tinh bot bd sung tinh
dau ¢ cac nong do khac nhau cho thay ro hiéu qua
bdo quan so véi mau ddi chimng, déc biét & nong
dd 1,0% va 1,5%. Cac két qua danh gia chi tiéu
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vi sinh, héa sinh, cdm quan va trang thai bé mat
cho thdy mang bao tinh bot chira 1,0% tinh dau 14
Trau khong la cong thiic phu hgp nhat c¢é thé ap
dung dé€ bao quan tong thé trai Dau tay sau thu
hoach.
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