PN LA SHDN DNOD WA DOH WO JHD JYL

L | U}
-]
n R
=
]
=
¥ 3
. &
L] [ ]
L L
" _-..
1] - L]

CE0@ wigw of Bupy) - 3001 pE - 5 9L

i 0 I 0000 00 P



HOI DONG BIEN TAP

Chéu Vin Minh - Vién Han lim KH&CN Vit Nam

Nyl Vil Anh - Tribng B hoc Xty ding

Bis Chi Bik - Vi Khaa hoc K7 thudt Mng nghiép midn Nam

Vi Diing - Hi Tém 1 e Vit Nam

Trdn The Dt - Trubing B hpe Kinh F Qudic din

Npwyln Binh B - Truing Bgi hoc Ching nghd. Dai hoc Quic pia H3 N
Vil Minh Giang - Diai hoc Quék: gia Hi N

Triong Nam Hill - Vién Cang nghé Sinh hec, Vin Hin lim KHECN Vit Nam
Trd Thanh Hi - Triing Bai hoe Mé - B ch

Pham Huy Khan - T Dl hoc Giaa thég Vi 1

Pham Gia Khénh - Hi Ghép tang Vit Nam

HA Bifc Lic - Ting Bai hoe Cling nghé TP HA CHi Minh

Nyayiin Thi M Likc - Truing i hoc Gio due, Dat hoc Qult pia Hi Nji
Banh Tin Long - Bl hoc Bich khoa Ha Nji

L Quan Mghigm - Bai hoe ¥ Duige: TP Hi O Minf

Mai Tromg, Nivudn - Blai hoe Qi gia Hi Nji

Trdn Hida Phisc - Hil déing G5 Nhd nue

Mgyl Thank Phumg - Tuing B3 hoe Cln Tha

Mgy Thanh Thisy - Trting Dai ho Céng nghd, Dai hoc Qustc pia Ha WY
Pham Hing Vet - Truimg i hoc Khoa hoc Ty nhién, Blai hec Quéc gia Hi MO

TONG BIEN TAP

Mguyén Thi Huong Giang
TRUONG BAN BIEN TAP
Pham Thi Minh Nguyét

TRUONG BAN TAP CHI DIEN TU
Vi Van Hung

TRUONG BAN TR 5U

Lugng Ngoc Quang Hung

TRINH BAY
Binh Thi Ludn

' TOA SOAN
113 Trdn Duy Hung - Ciu Gidy - HA Ngi
Tel: (B4.24) 39436793; Fax: (84.24) 39436794
Email: khoahocvacongnghevietnam@most.gov.vn
| Tap chi dién t: b.vjst.yn

EDITORIAL OFFICE

113 Tran Duy Hung 5tr. - Cau Giay Dist. - Hanoi

Tel: (B84.24) 39436793; Fax: (84.24) 39436794

Email: khoahocvacongnghevietnam@most.gov.vn
| E-journal: b.vjst.vn

EDITORIAL COUNCIL

Chau Van Minh - Vieinam Academy of Science and Tochnofogy

Niuyen Viel Anh - National University of Civil Engineering

Bui Chi Buu - Instilite of Agriculiural Science for Southern Vietnam

Viu Dung - Vietnam Association of Social Psychafogy

Tran Tho Dial - National Economics Uiniversily

guyen Dink Duc - University of Engineering and Technology, VWL, Hanoi
Vot Minh Giang - VNU, Manoi

Traing Nam Hai - istitute of Bistechmalogy, Viatnam Academy of Science and Technology
Tran Tharth Ha - Hanoi Uiniversity of Mining and Geology

Pham Huy Khang - University of Transport and Communications

Pham Gia Khanh - Vistnam Soclety of Chgan Transplantation

Ho D Loc - Ho Chi Minh City University of Technolegy

Mguyen Thi My Loc - University of Education, VU, Hanol

Banh Tien Lang, - Hanai Liniversity of Science and Technology

Le Quan Nghiem - University of Modicine and Pharmacy at Ho Chi Minh City
Mai Trong Nhuan - VWL, Hanol

Tran Hu Phuc - The Stale Coumeil for Profpssorship

Nguyen Thanh Phuang - Can Tho Uiiversity

Wguyen Thanh Thuy - University of Engineering and Technology, VL, Hanoi
Pham Hung Viet - University of Science, VNL, Hanoi

EDITOR-IN-CHIEF

MNguyen Thi Huong Giang

HEAD OF EDITORIAL BOARD
Pham Thi Minh Nguyet

HEAD OF E-JOURMAL BOARD
Wu Van Hung

HEAD OF ADMINISTRATION
Luong Ngoc Quang Hung

ART DIRECTOR
Dinh Thi Luan

GIAY PHEP XUAT BAN

S8 459/GP-BTTTT ngay 20/7/2021
S8 S0/GP-BTTTT ngay 01/02/2023
Gia: 180004

No. 459%/GP-BTTTT 20™ july 2021
No. S0/GP-BTTTT 1" February 2023




DOI: 10.31276/VIST.65(10DB).01-06 Khoa hoc Tu nhién | Khoa hoc su s6ng s

Nghién ciru mt s0 dic diém sinh hoc ciia ching nam dwoc ligu
Cordyceps militaris bach tang (albino) phan lap tai Viét Nam

P Thi Kim Trang', Pao Ngoc Anh', Trin Bao Tram', Trwong Thi Chién', Nguyén Minh Nam?, Tran Vin Tuin®, Vii Xuin Tao*
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Ngay nhan bai 13/6/2023; ngay chuyén phan bién 15/6/2023; ngay nhan phan bién 6/7/2023; ngay chap nhan ding 10/7/2023
Tom tit:

Cordyceps militaris 13 mét loai nAm dwoc liéu quan trong trong y hoc ) truyén. Qua thé ndm C. militaris chita nhiéu hoat chat
quy ¢6 tac dung ting cuwdng sirc khée va hd tro diéu tri nhiéu loai bénh. Do dé, loai nAm nay dwoc coi 1a ngudn dwgc lidu tiém
ning cho phit trién cac san phim chim séc sirc khoe. Viée tim kiém cac chiing nAm C. militaris méi c6 ning suit, chit lwgng cao
va ddc ddo ludn duge cic nha nghién ciru quan tim. Bai bao dwa ra nhimg két qua méi vé mot so dic diém sinh hoc ciia chiing
nam C. militaris bach tang (albino) phan 1ap tai Viét Nam. Chiing nim bach tang C. militaris SHBTQ dwoc phén lap va dinh
danh chinh xac dya trén cic dic diém hinh thai va trinh tw viing ITS ciia rDNA. Hé soi chiing nAm C. militaris SHBTQ ¢6 mau
trang va duy tri on dinh qua 5 thé hé lién tiép. Nguﬁn carbon va nito thich h0'p cho s sinh trwémg ciia chiing nAm bach tang C.
militaris SHBTQ twong lrng 14 saccarose va cao nAm men. Pic biét, chiing nAm bach tang C. militaris SHBTQ c6 kha niing hinh
thanh qua thé véi ning suat trung binh dat 30 g/hdp, ning suit sinh hoc dat 12,2% va ham lugng cordycepin dat 10,45 mg/g qua

thé kho. Day la chiing nim méi c6 tiém ning tng dung trong san Xuét.

Tir khéa: cordycepin, Cordyceps militaris bach tang, dic diém sinh hoc, ning suét, qua thé.

Chi sé phin loai: 1.6

1. Dt van deé

Nhiéu loai trong chi nim Cordyceps 14 loai duoc liéu quan
trong, dugc sir dung phd bién trong y hoc ¢b truyén ciia nhiéu
nuée chau A [1, 2]. Cac loai thude chi Cordyceps phan b trai
rong tir chau A sang chau Au va Bic My. Tuy nhién, phan
tich trinh ty ITS rDNA cac ching C. militaris phan bd tai cac
quéc gia khac nhau cho théy vi tri dia 1y khong anh hudng
nhleu t6i khoang cach di truyén giita cac chung [3]. Trong chi
nim Cordyceps C. militaris 1a 10a1 nim duoc nghién ciru va
nudi trong phd bién nhat. Qua thé nim C. militaris chira nhiéu
hoat chit co hoat tinh sinh hoc nhu adenosine, cordycepin,
pentostatin, polysaccharide... [4, 5]. Py 1a nhiing hoat chat
da dugc chung minh c6 kha nang khang ung thu, khang virus,
hd tro diéu tri tiéu duong [6-8]. Do vay, C. militaris dugc coi
13 loai ndm c6 gia tri kinh té cao va dang dwoc nudi trong véi
quy mo 16n tai nhidu nudce trén thé gi¢i nhu Trung Qudc, Han
Qudc, Nhat Ban, Viét Nam... Viéc tim kiém cac ching C.
militaris mdi voi nang suét, ham luong hoat chit cao va co
nhiling dac diém doc déo dugce coi 1a chia khoa then chét ndm
gifr thanh cong cta cac doanh nghiép/don vi nudi trong thuong
mai lodi ndm nay.

Trong ty nhién hay nudi trong, qua thé nAm C. militaris co
mau vang t6i vang cam do trong qua thé ndm chira carotenoid
(bao gdm lutein, zeaxanthin va 4 cordyxanthin) [9]. Tuy nhién
trong qua trinh nudi trong nam C. militaris, mot s6 nghién ciru
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trén thé giéi da ghi nhan sy phat sinh cac ching bach tang
voi ham lugng carotenoid rat thip. Tuy ham lugng carotenoid
cua chung C. militaris bach tang thip nhung ham lwong
cordycepin, flavonoid va chat chdng 6xy hoa lai cao hon nhidu
50 voi chung ban dau ¢6 qua thé mau vang cam dic trung [10,
11]. Céc nghién phan tich transcriptome cho thay, sw hinh thanh
ching C. militaris bach tang lién quan t6i mot s6 cytochrome
P450 va methyltransferases [11]. Tuy nhién, co ché cy thé vé
viéc tao ra cac chung dot bién bach tang van chua dugc 1am rd
& nam C. militaris. Nhin chung, cac cong bd vé chung ndm C.
militaris bach tang rat it. Nhung véi cac dit liéu da cong bd déu
cho thiy, cac chung C. militaris bach tang ¢6 xu huéng ting
cudng céc hoat chét chinh nhu cordycepin, flavonoid, ting kha
ning chdng 6xy hoa va day 1a cac chung ndm rat tiém nang cho
nghién ctu va khai thac ing dung.

Trong khi do, tai cac co s& nudi trong ndm dong trung ha
thao ciia Viét Nam déu dang nhan nuéi chung ndm C. militaris
cho qué thé mau vang cam, chua ¢6 nghién ctru nao cong bd vé
ching nAm C. militaris bach tang phan 1ap tai nudc ta. Nghién
ctru nay xac dinh mot s6 dac diém sinh hoc cling nhu kha nang
hinh thanh qua thé va ham lugng hoat chat cordycepin trong
qua thé chung nim C. militaris bach tang phéan lap tai Viét Nam
1am cén cir khoa hoc cho viéc trién khai nuéi trf")ng va khai thac
nguén nam C. militaris bach tang.
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Study on some biological characteristics
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Abstract:

Cordyceps militaris is one of the important medicinal fungi in
traditional medicine. The fruiting body of C. militaris contains
various bioactive compounds that have health-enhancing
effects and support the treatment of various diseases.
Therefore, this fungus is a potential source of medicinal
materials for the development of healthcare products. The
search for new strains of C. militaris with high yield, quality,
and uniqueness is always of great interest. This study has
provided new findings on some biological characteristics of
an albino strain of C. militaris isolated in Vietnam. The albino
strain of C. militaris SHBTQ was isolated and accurately
identified based on morphological characteristics and the ITS
(internal transcribed spacer) sequence of ribosomal DNA. The
mycelial of C. militaris SHBTQ is white and remains stable
for five successive generations. The most suitable carbon and
nitrogen sources for the growth of the albino SHBTQ strain
were sucrose and yeast extract, respectively. Notably, the
SHBTQ strain is capable of forming fruiting bodies, with
an average fresh fruiting body yield of 30 g/box, a biological
efficiency of 12.2%, and a cordycepin content of 10.45 mg/g of
dried fruiting bodies. This newly discovered strain offers great
potential for further applications in production.

Keywords: albino Cordyceps militaris, biological characteristics,
cordycepin, fruiting bodies, productivity.

Classification number: 1.6

|
2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Hop qua thé tuoi chung ndm C. militaris SHQ c6 xuét hién
mau qua thé ndm mau trang (ky hiéu SHBTQ) dugc thu thap tai
mot don vi san xuat ndm ¢ Bac Ninh. Mau dugc bao quan trong
tai nilon sach. Sau khi thu thap, mau dugc dwa ngay vé phong
thi nghiém dé phéan 1ap chiing nim bach tang.
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2.2. Phwong phdp phén ldp chiing ndm bach tang

Mau qua thé SHBTQ (dugc tach ra tir hop qua thé C.
militaris SHQ) dugc cit thanh cac 14t nho va dat 1én bé mat
moi truong PDA (Potatose dextrose agar) chtra khang sinh
chloramphenicol v&i nong d6 100 pg/ml (c6 tac dung trc ché
su sinh truong ctia vi khuan). Bia dugc u ¢ 22-25°C trong tdi,
trong 5 ngay. Hé soi ndm mau trang xuét hién tir cac lat qua
thé dugc cdy chuyén sang dia méi truong PDA méi dé thuan
khiét [12].

'2.3. Dinh danh chiing nim bach tang dwa trén cdc dac
diém hinh thdi va trinh tw vang ITS ciia rDNA

Chiing nim bach tang SHBTQ di phan 1ap dugc nudi cdy
trén moi truong PDA ¢ 25°C sau 7 ngay dé thu bao tir nim.
Quy trinh thu bao tr ndm chiung SHBTQ duoc tién hanh theo
quy trinh ctia T.X. Vu va cs (2018) [13]. Dich bao tu nim
duoc xac dinh ndng do bang budng dém Thoma. Pic diém
hinh thai hé soi ndm va cudng sinh bao tir cia chung SHBTQ
duoc xac dinh bang cach nudi ciy tryc tiép bao tir ching
nam trén tiéu ban hién vi v6 tring c6 chira méi truong PDA
trong 2-3 ngay & 25°C va quan sat dudi kinh hién vi quang
hoc [13].

Ddng thoi, 500 pl dich bao tir ching SHBTQ (10° bao ti/
ml) dwoc nudi trong 50 ml méi truong PDB (lic 150 vong/
phut & 25°C trong t6i), sau 4 ngay tién hanh thu hé sgi ndm sir
dung cho viéc tach chiét DNA. DNA téng s6 duoc tach chiét
tir hé soi ndm theo V.T. Tran va cs (2017) [14]. Mdu DNA tong
s0 duoc str dung cho phan img PCR khuéch dai ving ITS sir
dung cip moi ITS1 (5’-TCCGTAGGTGAACCTGCGG-3")/
ITS4 (5°-TCCTCCGCTTATTGATATGC-3") [15]. San pham
PCR duoc dién di kiém tra va tinh sach béng bo kit tinh sach
DNA ciia Hing Promega. San pham sau tinh sach duoc giai
trinh ty béi Cong ty 1 BASE (Singapore). Trinh tu ITS duoc
so sanh véi dit lidu trén Ngan hang gen Qudc té (GenBank)
st dung chuong trinh BLAST. Cay phat sinh chung loai dya
trén trinh ty ITS duoc xay dung sir dung phan mém MEGA7.

2.4. Danh gid kha ndng sinh truwong va hinh thanh bao
tii ctia chiing ndm C. militaris bach tang

Tién hanh nho 5 pl dich bao tir (10° bao ti/ml) ciia mdi
ching nidm (ching SHQ va chung bach tang SHBTQ) véo
gitta dia moéi truong PDA (dia petri ®9) va nuoi ¢ 25°C véi
cac diéu kién chiéu sang khac nhau (12 ngay tdi, 10 ngay
t6i va 2 ngay chiéu sang). Sau 12 ngay, tién hanh xac dinh
duong kinh sinh truong ciia chung ndm. Sau do tién hanh
xac dinh mat d6 bao tir nAm bang cach bd sung 15 ml nuéc
cat da khur trung 1én mdi dia dé thu dich bao tir. Qua trinh
thu bao tir ndm duoc tién hanh theo quy trinh ctia T.X. Vu va
cs (2018) [13]. Nong d6 cua dich bao tir ndm duoc x4c dinh
bang budng dém Thoma.



2.5. Danh gia sw on dinh tinh trang mau sdc ciia ching
nédm C. militaris bach tang

Danh gia sy 6n dinh tinh trang mau sic qua 5 thé hé cia
ching ndm C. militaris bach tang SHBTQ di phén lap duoc
tién hanh dua theo nghién cuu cia F. Wang va cs (2018) [11].
Bao tr mdi ching ndm (ching SHQ va SHBTQ) dugc ding
dé cdy chuyén lién tiép trén moi truong thach PDA dé thu bao
tir lién tuc 5 thé hé. Tién hanh nho 5 pl dich bao tir (10° bao tir/
ml) 5 thé hé cua mdi ching ndm vao giita dia moi truong PDA
va nudi ¢ 25°C trong diéu kién ¢6 chiéu sang (8 ngay trong toi
- 2 ngy trong sang). Sau 10 ngay, tién hanh quan sat hinh thai
mau sic ctia mdi chung nim qua 5 thé hé.

2.6. Anh hwéng cua ngué‘n carbon va nito' toi sy sinh
trwdng ciia chiing ndm C. militaris bach tang

Anh huéng ciia ngudn carbon va nito téi sy sinh truong
cta chung nadm C. militaris bach tang SHBTQ duoc danh
gid dua theo nghién cuu cua N.V. Giang va cs (2021) [16]
c6 cai tién. Ngudn carbon (saccarose - 3%) ciia mdi truong
CD (Czapek-Dox agar) dugc thay thé 1an luot bang glucose,
maltose, lactose, galactose va tinh bot. Tién hanh nho 5 ul dich
bao tir (10° bao tu/ml) ctia chung SHBTQ vao gilra dia moi
truong va nudi & 25°C trong diéu kién khong chiéu sang. Tién
hanh x4c dinh dudng kinh sinh truong cua ching nim sau 3,
5 va 7 ngay. Sau khi x4c dinh dugc ngudn carbon, tién hanh
xac dinh anh huong cia ngudn nito t6i sy sinh truong cua
ching SHBTQ. Nguén nito (NaNO, - 0,3%) cila mdi trudng
CD dugc thay th¢ lan lugt bang cao nam men, pepton, NH,Cl,
(NH,),SO,.

2.7. Danh gia khd nang hinh thanh qud thé va ham
lwong cordycepin trong qui thé ciia chiing nim C. militaris
bach tang

Dé danh gi4 kha nang hinh thanh qua thé, ching ndm C.
militaris bach tang SHBTQ dugc nudi trong duya theo quy trinh
ctia V.X. Tao va cs (2022) [17]. Sau 60 ngay nudi trong, tién
hanh xéc dinh céc chi tiéu: khéi luong qua thé tuoi/hdp nudi
(650 ml) va niang suét sinh hoc (Biological Efficiency - BE).
Chi tiéu BE dugc xac dinh dya theo nghién ctru B. Shrestha va
cs (2012) [18]: BE (%) = (Khdi luong qua thé kho/Khdi lwong
co chat) x 100. Khéi luong qua thé kho 1a khdi luong qua thé
cta 1 hop nudi sau khi sy dong kho (d6 4m dat 5-7%); khdi
luong co chét 1a khdi lugng kho cua nguyén liéu st dung cho
1 hop nuoi.

Mau qua thé tuoi sau khi nudi cay 60 ngay duoc thu va sdy
kho bang may sdy thang hoa ¢ nhiét d¢ -40°C t6i khi do 4m dat
5-7%. Ham luong cordycepin duoc xac dinh theo nghién ctru
ctia V.X. Tao va cs (2022) [17] trén hé thong thong HPLC (Hang
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Shimadzu, Nhat Ban). Ddng thoi, chung nim C. militaris SHQ
duoc tién hanh nudi trong va phén tich cordycepin trong qua
thé dé so sanh voi ching bach tang SHBTQ.

< o "
3. Ket qua va bhan luan

3.1. Phén I@p va dinh danh chiing ndm C. militaris bach
tang

Trong nghién ctru nay, ching nim bach tang dwoc phén
lap tir mau qua thé mau tring thu dugc trong qué trinh nudi
trong qua thé chung C. militaris SHQ (hinh 1A). Sau 5
ngay nudi cdy trén méi truong PDA c6 bd sung khang sinh
chloramphenicol & 25°C, mau qua thé sinh trudng tao hé soi
¢6 mau trang (hinh 1B). Hé soi ndm tiép tuc dugc cdy chuyén
sang dia moi truong PDA méi dé thuan khiét (hinh 1C).

) B) ©)

Hinh 1. Phén Iap ching nam bach tang ti mau qua thé C. militaris dang
dwoc nudi trong tai Viét Nam. (A) Mau qua thé pém thu thap; (B) Phan lap
ching nam tt mau qua thé mau trang; (C) Khuan lac ching nam trén moi
trwong PDA. Phér) khoanh dd Ia phan qua thé mau trang dwoc tach ra dung dé
phén I&p ching nam bach tang.

Dé ¢ thé st dung chung ndm bach tang SHBTQ trong
cac nghién ciru tiép theo, chung SHBTQ duoc dinh danh t&i
loai dya trén dic diém hinh thai va trinh ty ving ITS. Ching
SHBTQ phat trién hé sgi mau tring trén moi truong PDA
(hinh 2A). Tiéu ban hé soi dugc quan sat dudi kinh hién vi
cho thdy, hé soi ndm phat trién kéo dai hinh thanh cudng
sinh bdo tu, bao tir ¢c6 dang hinh trung (hinh 2B). Dua trén
hinh thai mau qua thé thu thap, cac dic diém vé hé soi va
céu triic sinh bao tir cho thdy ddy 1a nhimng dic diém hinh
thai dién hinh cua loai nAm C. militaris [19, 20]. Dong thoi,
chung nam bach tang SHBTQ duoc tién hanh tach chiét DNA
tong s6 ding cho PCR khuéch dai ving ITS sir dung cip moi
ITS1/ITS4. San phém PCR duoc kiém tra bé’mg dién di, két
qua cho thay xuét hién mot bang DNA c6 kich thuéc khoang
550 bp (hinh 2C). San phim PCR sau khi tinh sach duoc giai
trinh ty boi Cong ty 1% BASE (Singapore). Trinh ty ITS cta
chung SHBTQ thu dwoc twong dong 100% véi cac trinh tyr
ITS cta nam C. militaris trén co s dit liéu GenBank. Trinh
tu ITS dugc str dung cho xdy dung cdy phét sinh chung loai
v6i phan mém MEGA7 x4c nhan ching SHBTQ thudc loai
C. militaris (hinh 2D). Nhu vay, ddy la nghién ctru dau tién
tai Vi¢t Nam ghi nhan chung nam C. militaris bach tang Xudt
hién trong qué trinh nudi trong ndm C. militaris.
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© ()] Cordyceps takaomontana VNG (KY081458)
M SHBTQ Cordyceps gh is CBS10573 (MH860644)
Cordyceps cicadae 4646 (JX488475)
6 kb —| Cordyceps blackwelliae TBRC7253 (MF140739)
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Cordyceps militaris CMB (KP721255)

Cordyceps brongniartii ATCC66779 (AY245628)
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Cordyceps yinjiangensis YJ06221(MT560352)

Cordyceps sinensis C21 (DQ121377)
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Hinh 2. Binh danh ching ndm SHBTQ dwa trén dac diém hinh thai va trinh tw ving ITS

cuia rDNA. (A) Hé soi chiing ndm SHBTQ trén moi trudng PDA; (B) CAu triic hé soi va cubng

sinh bao t; (C) K&t qua dién di kiém tra san pham PCR viing ITS cla ching nAm SHBTQ;

(D) Cay phat sinh chiing loai dwoc xay dwng bang phan mém MEGAT7 dwa trén trinh ty viing

ITS ctia rDNA v&i hé s bootstrap 1000; M: DNA marker 1 kb.
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Hinh 3. Kha ning sinh trwéng va hinh thanh bao tir cia ching ndm SHBTQ va SHQ sau
12 ngay nudi cdy & cac diéu kién anh sang. (A) Hé soi cac chiing ndm trén moéi trudng
PDA,; (B) Kich thwéc dwong kinh sinh tredng; (C) Khd nang hinh thanh bao tl.

Hinh 4. Dic diém mau sic hé s¢i clia 2 ching nAm SHBTQ va SHQ qua 5 thé hé. F1-F5:
thé hé th(r 1 dén thé hé ther 5.
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3.2. Kha nang sinh truong va hinh thanh bao
tir ciia chiing nam bach tang C. militaris SHBTQ

Kha ndng sinh truong va hinh thanh bao tir cia
ching ndm bach tang C. militaris SHBTQ duoc
danh gia va so sanh voi ching nim ban dau C.
militaris SHQ. Két qua nghién ctru cho thiy, trong
diéu kién nuéi toi (12 ngay) hé soi cua ca 2 chung
SHBTQ va SHQ déu c6 mau trang va sinh truong
manh hon so véi diéu kién co chleu sang. O diéu
kién c6 chiéu sang (10 ngay trong t6i -2 ngay trong
sang), hé soi ciia ching C. militaris SHBTQ van giit
mau trang trong khi d6 hé soi cua chung SHQ chuyén
sang mau vang (hinh 3A). Chung nam C. militaris
bach tang da dugc chimg minh c6 kha nang sinh tong
hop carotenoid rat thip so v6i ching binh thuong
[11], ddy co thé 1a nguyén nhan chinh dan tdi sy khac
biét vé mau sic hé soi gilta 2 chung SHBTQ va SHQ.
O ca 2 diéu kién anh sang, chung SHBTQ sinh truong

v hinh thanh bao tir kém hon ching SHQ (hinh 3). Két
qué nay trong dong voi nghién ctru ciia F. Wang va cs
(2018) [11] khi tién hanh so sanh kha nang sinh truong
va hinh thanh bao tir cia chung dot bién bach tang C.
militaris 505 va chung binh thuong C. militaris 498.

3.3. Dac diém on dinh tinh trang mau sic hé soi
ctia chiing nam bach tang C. militaris SHBTQ

Su 6 6n dinh céc tinh trang (nang suét, chat luong) 1a
yeu t6 quan trong can co dbi v6i mot chung nam dung
trong san xuat. Trong nghién ciru nay, sw on dinh tinh
trang cua ching nam bach tang C. militaris SHBTQ
duogc xac dinh thong qua dac diém mau sic hé soi. Két
qua nghién ctru cho thay, hé soi chiing nim SHQ ¢ ¢a 5
thé hé déu chuyén sang mau vang. Trong khi do, h¢ soi
ching SHBTQ vén giit dwgc mau tring & ca 5 thé hé.
Hé soi C. militaris giit dwgc mau tring & diéu kién ¢6
chiéu sang la dic diém dic trung cta chung nim bach
tang [11]. Nhu vdy, chung nim C. militaris SHBTQ
budce dau cho thiy sy 6n dinh v& mau sic hé soi (hinh
4). Dic tinh On dinh mau sic h¢ soi ciing da duoc ghi
nhan voi chung nidm bach tang C. militaris 505 [11].
Vi dac tinh 6n dinh tinh trang mau sdc, cac _chung
ném bach tang rit tiém nang dé dua vao san xuét.

3.4. Anh huwéng ciia nguon carbon va nito tdi
kha nang sinh truwong ciua chiing nam bach tang C.
militaris SHBTQ

Ngudn carbon va nito di dugc chimg minh 14 yéu
t6 quan trong ddi vai sy sinh truong hé soi va sinh tong
hop cordycepin 6 ndm C. militaris [21]. Dé danh gia
anh hudng cta ngudn carbon va nito toi kha ning sinh
truong cia chung ndm bach tang, ching C. militaris
SHBTQ duoc nudi trén cac nguon carbon, nito khac
nhau va xac dinh kha nang sinh truong dua trén dudng
kinh sinh truéng cua ching nim. Két qua nghién ctru
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Hinh 5. Kha nang sinh trwéng clia chiing ndm bach tang C. militaris SHBTQ trén cac nguén carbon va nito

khac nhau. (A) Cac ngudn carbon; (B) Cac ngudn nito.

cho thiy, trén moi trudng co nguon carbon 13 saccarose va ngudn
nito 1a cao ndm men, chung SHBTQ sinh truong manh nhit (hmh
5). Nhu vy, saccarose va cao nam men dugc xac dinh la ngudn
carbon va nito thich hop cho sy sinh truong cia ching nim bach
tang C. militaris SHBTQ.

3.5. Kha ning hinh thanh qud thé va ham lwgng cordycepin
trong qud thé chiing nam bach tang C. militaris SHBTQ

Chung nim bach tang C. militaris SHBTQ dugc danh gia kha
ning hinh thanh qua thé, nang suit va ham luong cordycepin sau
60 ngay nudi trong. Quy trinh va thanh phan méi truong nuéi
trong duogc thyc hién theo nghién ciru ciia V.X. Tao va cs (2022)
[17]. Véi két qua xac dinh ngudn carbon va nito thich hop cho su
sinh truong ciia ching ndm bach tang, nghién ctru nay di cai tién
thanh phan dich dinh dudng ding trong nuéi trong. Thanh phén 1
1 dich dinh dudng di cai tién gom: dich chiét 200 g khoai tay, 30 g
succrose, 1 g MgSO 1 ¢ KH,PO,, 1 g pepton, 3 g cao ndm men,
100 g nhong tam. Két qua nghlen ciru cho thiy, chung SHBTQ
¢6 kha ning hinh thanh qua thé binh thudng ¢ mau tring véi
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ning suat dat trung binh 30 g qua
thé tuoi/hdp, twong tmg v6i ning
sudt sinh hoc dat 12,2% (tuong
duong véi ching ndm SHQ) (hinh
6A va 6B). Nghién ctru ciia F. Wang
va ¢s (2018) [11] cho thdy, ching
dot bién bach tang C. militaris 505
hinh thanh qua thé bat thuong so
voi chung 498 ban ddu va nghién
ciru chua d& cdp t6i ning sudt qua
thé ciia ching nim bach tang 505.
Nhu vdy, két qua nghién ctru nay
cung cdp thém dir liéu méi vé kha
ning hinh thanh va nang sut qua thé ctia chiung nim C. militaris
bach tang.

BNH,CI

5 ngay 7 ngay

Thoi gian

Ham luong hoat chat cordycepin 14 chi tiéu chinh dé danh gi4
chat lwong qua thé nim duoc liéu C. militaris. Trong nghién ciru
ndy, qua thé cta 2 ching nim C. militaris SHBTQ va SHQ dugc
tién hanh xac dinh ham luong cordycepin trén hé théng HPLC.
Két qua cho thay, ham lugng cordycepin trong qua thé cua ching
SHBTQ dat trung binh 10,45 mg/g, cao hon 3,34 1n so vdi chiing
SHQ ban dau (3,13 mg/g) (hinh 6B, 6C va 6D). Két qua nay ciing
pht hop véi nghién ctu cia F. Wang cung cs (2018) [11] khi xéac
dinh ham luong cordycepin tir ching ndm bach tang C. militaris
505 cao hon so vdi chung 498. Tuy nhién, ham lugng cordycepin
trong qua thé ching ném bach tang C. militaris SHBTQ cao hon
1,56 lan so véi chung | ndm bach tang C. militaris 505 (6,7 mg/g).
Tai Viét Nam, mot s tic gia nghién ctru cho thay, ham luong
cordycepin trong qua thé ndm C. militaris 5o trong dat 4,33-
4,54 mg/g qua thé kho [22, 23]. Nhu vy, chung nam bach tang C.
militaris SHBTQ 1a chung nam c6 chit lugng cao, tiém ning cho
nuodi trong & quy mo cong nghiép.

125 PDAMGI |
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Hinh 6. Kha nang hinh thanh qua thé va ham Iwgng cordycepin trong qua thé chiing ndm bach tang C. militaris SHBTQ so véi chiing SHQ. (A) Qua trinh
nudi trdng qua thé va kha nang hinh thanh qua thé clia ching SHBTQ; (B) Qua thé chiing SHQ; (C) Ham Iwong cordycepin trong qua thé chiing SHBTQ va SHQ;
(D) Séc ky db phan tich cordycepin ctia mau qua thé chiing SHBTQ va (E) chiing SHQ.
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4. Két luan

Nghién ciru nay di phan lap va dinh danh dwgc chung nim
bach tang C. militaris SHBTQ tir ngudn nim dang duoc nudi
trong tai Viét Nam, chung ndm c6 hé soi mau tring va duy tri
6n dinh qua 5 thé hé lién tiép. Nguon carbon v nito thich hop
cho su sinh truéng cia ching nim bach tang SHBTQ tuong tng
1a saccarose va cao nim men. Dic biét, chung nim bach tang C.
militaris SHBTQ c6 kha nang hinh thanh qua thé vdi ning suat qua
thé twoi trung binh dat 30 g/hdp, nang suat sinh hoc dat 12,2% va
ham luong cordycepin dat 10,45 mg/g qua thé kho.

Nghién ctru nay dugc thuc hién véi su hé tro kinh phi tir nhiém
vu khoa hoc va cong ngh¢ ciia B§ Khoa hoc va Cong nghé: "Nghién
ctru cong nghé nudi trong nim duoc liéu Cordyceps militaris bach
tang (albino) thu thap tai Viét Nam nham tao nguyén li¢u san Xuat
thuc pham bao vé sirc khoe". Nhom tic gid xin tran trong cam on.
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Dinh danh sa hwong Tay Giang Cymbopogon winterianus Jowitt
dua trén phan tich phan tir va thanh phan tinh dau sa

M Thj Bich Thao", Nguyén Phuong', Tran Ha', Nguyén Thi Thity Trang', Nguyén Thi Hong', Hoang Vin Tuén’

"Trung tam Uom tao Cong nghé va Doanh nghiép Khoa hoc Cong nghé, Vién Ung dung Cong nghé, C6, phieong Thanh Xudn Bdc, qudn Thanh Xudn, Ha N@i, Viét Nam
*Truong Dai hoc Phenikaa, phuong Yén Nghia, qudn Ha Péng, Ha Noi, Viét Nam

Ngay nhan bai 2/12/2022; ngay chuyén phan bién 5/12/2022; ngay nhdn phan bién 23/12/2022; ngay chép nhan dang 2/1/2023
Tom tit:

Phin loai cic lodi chi sa chii yéu dwgce x4c dinh bing cac dau hi¢u hinh thai, mii ciia tinh ddu va nong d9 cac hop chit hoat tinh
sinh hoc c6 trong tinh dau. Tuy nhién, phwong phap trén chiu znh hwéng 16n ciia mdi trwong. Phéin loai dwa trén chi thi phan tir
st dung ma vach DNA cho d9 chinh xac cao, dinh danh dén cz'lp do loai. Trong nghién ctru nay, cac tac gia da tién hanh khuéch dai
va so sanh cac doan gen luc lap (rbcL va matK) va ving gen nhén ITS ciia 3 dong si hwong T4y Giang. Két qua cho thiy, trinh tyr
cac doan gen nghién ciru glong nhau giira 3 dong sa hwong Tay Giang, chirng t6 3 dong sa nay c6 chung nguon goc Khi so sanh
v6i cac loai si khac trén thé giéi, gen rbcL thé hién 1 vi tri sai khac, gen matK thé hién 10 vi tri sai khac, trong khi dé c6 40 vi tri
da hinh dworc tim thiy trén trinh ty ITS. Tuy nhién, két qua phén tich cic ma vach DNA nay chwa dii dé dinh danh chinh xac sa
hwong Téay Giang. Két hop phén tich trinh tw ITS va thanh phz“m chinh ciia tinh du bao gf‘)m citronellal, citronellol va geraniol,

sa hwong Tay Giang dwgc dinh danh chinh xac thudc loai Cymbopogon winterianus Jowitt.

Tir khéa: Cymbopogon winterianus Jowitt, dinh danh phén tix, ITS, matK, rbcL, sa hwong Ty Giang, thanh phan tinh dau.

Chi sé phin logi: 1.6

1. Dat van de

Chi sa Cymbopogon Spreng. (Poaceae) gom khoang 140 loai
sdng & cac ving nhiét d6i vé can nhiét doi ¢ chau A, chau Phi va
chﬁu My [1]. Theo y hoc ¢o truyen sa dugc st dung dé xua dudi
mudi va san xuat cac chét du01 mudi ty nhién duoc str dung nhiéu
nhét trén thé gidi [2]. Mot sb loai sa Cymbopogon ¢6 mui thom
manh va tinh du chiét xuit tir than va 14 cua chung dugc st dung
trong cong nghiép. Céc loai sa c6 tiém nang thuong mai dé chiét
xuét tinh dau 1a C. Sflexuosus, C. nardus, C. citratus, C. dictulus, C.
khasianus, C. winterianus va C. martini [3].

O Viét Nam hién c6 mot s6 loai trong chi sa moc ty nhién nhu
sa trung bd (C. annamensis), sa hoi, sa lam, cd théi (C. caesius),
sa cambdt (C. cambodgiensis), hay nhap trong nhw sa chanh (C.
citratus), sa d6 hay con goi sa xoe, sa Java (C. winterianus) dung
1am gia vi va cat ldy tinh dau sir dung trong cong nghiép, vi vay
cac nghién ciru chi yéu tap trung vao 2 loai sa chanh va Java.
Phan loai c4c loai chi sa chi yéu duoc xéc dinh bang céc dau hiéu
hinh thai va ham lwgng cac thanh phan chinh c6 trong tinh dau
sa 1a citronellal, citronellol va geraniol [3-5]. Hinh thai bao gém
chiéu cao cdy, s6 nhanh trén mot khom, sd 14 trén mot nhanh, hinh
dang 14 va gan 14, mau sic cua than cdy sa. Thanh phan chinh tinh
diu ciing la mot chi thi phan biét cac nhom sa [3-5]. Vi duy, citral
(bao gdm geranial va neral, chiém ty 18 80-85%) 1a thanh phan
chinh cua sa chanh, sa diu (C. flexuosus) va sa tia (C. pendulus);
citronellal (11-36%), citronellol (10-30%) va geraniol (18-30%)
1 thanh phan chinh cta sa Java va C. georigii; geraniol (80-85%)

*Tac gia lién hé: Email: bichthaocnsh@gmail.com

%HI\?GCI:-IE 65(10DB) 10.2023

1 thanh phan chinh cta sa hoa hong (C. martini). Tuy nhién, cac
yéu t6 nay chiu anh huong 16n cia méi truong. Phén loai dya trén
chi thi phan tir su dung ma vach DNA khac phuc duoc han ché cua
nhitng phuong phap trén va cho do chinh xéc cao, dinh danh dén
cap do loai [4, 6].

A K. Bishoyi va cs (2017) [6] d& st dung 4 ving ma vach
DNA, bao gém ving ndi phién ma /75! va ITS2, gen ma hoa cho
matK, psbA-trnH va gen ma hoa cho rbeL dé phan loai 6 lodi sa co
gi4 tri thuong mai cao. Két qua cho thiy, sy trong dong 100% céc
ving gen psbA-trnH va rbeL giira 6 loai, bao gdbm C. martini, C.
nardus, C. citratus, C. pendulus, C. flexuosus va C. winterianus.
Trong khi d6, ving gen matK va ITS cho thiy su sai khac giira
6 loai sa 1an luot 13 0,46 va 5,64%. Trong nghién ctu cia D.K.
Muyembe va cs (2018) [7], ITS2 da dugc chon aé phan biét loai sa
C. distans v6i nhimg mau sa thu tir 5 tinh & Trung Qudc. Két qua
thu dugc doan trinh tu /752 véi kich thude khoang hon 200 bp cta
mau sa thudc loai C. distans, C. Sflexuosus, C. citratus, C. georigii,
C. martini va Imperata cylindrical, trong d6 c6 20 vi tri chua da
hinh dé phan biét 5 loai sa.

Cay sa huong Tay Giang (tén goi dia phuong) méi dugce phat
hién trong nhitng ndm gin ddy tai huyén Tay Giang, tinh Quang
Nam va la ngu6n nguyén liéu tiém ning cho san xuét tinh dau. Tuy
nhién, chua c6 nghién ciru nao phan loai cac dong sa huong Tay
Giang bang phwong phap phan tir. Chinh vi véy, chung ti tién
hanh nghién ctru dinh danh cdy sa hwong Ty Giang bang chi thi
phan tir va thanh phan tinh dau.
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Abstract:

Classification of the genus Cympobogon is mainly
determined by the morphological characteristics, the
smell of the essential oil and the concentration of bioactive
compounds present in the essential oil. However, this method
is affected by the environment. Identification based on DNA
barcoding results the high accuracy at the species level. In
this study, the authors amplified and compared the two
chloroplast DNA regions (rbcL and matK) and the nucleus
region (I7S) of 3 lines of Tay Giang citronella. The obtained
sequences of each gene were similar between the three
lines of Tay Giang citronella, indicating the 3 lines of Tay
Giang citronella had the same origin. Compared with other
Cymbopogon species, rbcL showed 1 polymorphism, matK
showed 10 polymorphisms, and 40 polymorphisms were
found in the ITS sequence. However, these DNA barcodes
were not enough to accurately identify Tay Giang citronella.
In combination with /7S sequence analysis and essential oil
components including citronellal, citronellol and geraniol,
Tay Giang citronella was identified and authenticated into
the species Cymbopogon winterianus Jowitt.

Keywords: Cymbopogon winterianus Jowitt, essential oil
components, ITS, matK, molecular taxonomy, rbcL, Tay
Giang citronella.

Classification number: 1.6

2. Déi tuong va phuong phap nghién ciu
2.1. Poi twong

Ba mau sa huong Tay Giang thu thap tai 3 ving dia 1y khac
nhau ¢ huyén Tay Giang, tinh Quang Nam, bao gdm 1 miu & xa
Axan (cao >1000 m so v6i myc nude bién), 1 miu ¢ xa Tr’hy (cao
khodng 800 m so vdi muc nudc bién) va 1 miu & xa Lang (cao
khoang 600 m so véi muc nude bién). Ngoai ra, cac mau s khac
duoc lya chon 1am déi chimg bao gom 1 méu sa diu Thai Nguyén
va 2 mau sa chanh thu hoach & Ha Noi va Hung Yén. Cac cdy duoc
thu thap déu 1a nhimg cay khoe manh (quan st bang mét thuong)
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khong sau bénh, duoc tréng tai dia diém léy mau it nhit 1 ndm va
chicu cao cdy trén 1 m. Thoi gian thu hoach tir thang 8 dén thang
9 nam 2021.

2.2. Phwong phap phén tich hinh thai

Cac mau cay sa huong Ty Giang ¢6 hoa dugc chup anh phan
tich hinh thai, xr I va bao quan theo phuong phéap diéu tra cua
N.T. Thin (2007) [8] va M.S. Taylor (1990) [9] Dicu tra theo tuyén,
lya chon cac tuyen vung c6 phan b4 ciia loai, di theo céc tuyén 161
mon ¢ san dé thu thap cac miu cdy sa hwong Ty giang. Xt ly
mau tai thue dia: MAu vét dugce cit béng kéo chuyén dung, thu thap
mau tiéu ban bao gdm co quan sinh du(mg, co quan sinh san. Mau
dugc ép trong o béo 6 s6 hiu, bao gom tén nguoi thu, ngay thu
thap, dla diém thu thap, toa d6 va anh chup dang song, noi sng
ctia mau vat. Mau sinh hoc phéan tir: L4 ciia timg mau vat dugc thu
thap, s6 hiéu tring v6i mau vat, bao quan trong Cilcagen liam kho.

2.3. Phwong phdp tich chiét DNA tir cdy si

DNA tong s6 tir mau sa huong Ty Giang duoc tach chiét theo
phuong phép cia M.G. Murray va cs (1980) [10] véi mot sb cai
tién trong thanh phan dung dich dém chiét (100 mM Tris-HCI pH
8, 50 mM ethylene diamine tetra acetic acid, 1,4 M NaCl, 2,5%
CTAB, 1,5% PVP va 0,11% B-mercaptoethanol).

DNA téng s6 thu duge dwoc dién di trén gel dién di agarose
1% chay & hi¢u dién thé 60-80 V trong 45 phut bang phwong phap
nhudm hién hinh véi ethidium bromide.

2.4. Phuwong phdp khuéch dai PCR va gidi trinh tw

Pé dinh danh cac dong sa hwong Ty Giang, cic doan gen
rbeL, matK va ving ITS dugce lya chon aé nghién cau. Cac cap mdi
st dung trong nghién ctru dugc trinh bay ¢ bang 1. Phan tmg PCR
¢ tong thé tich 20 pl voi thanh phan nhu sau: 10 pl DreamTaq
PCR Master Mix 2X cua Thermo Scientific (thanh phan bao
gdm DreamTaq DNA polymerase, 2X DreamTaq buffer, 0,4 mM
dNTPs va 4 mM MgCl,), 10 pmol méi xuéi, 10 pmol mdi nguoc,
100 ng DNA va nuéc khir ion vo trung. Chu trinh nhiét phan Gmg
PCR ctia cip moi tbcL-F & rbeL-R va cip mdi matK-F & matK-R
nhu sau: 94°C trong 4 phit, 35 chu ky (94°C trong 30 gidy, 54°C
trong 30 gidy, 72°C trong 60 gidy), 72°C trong 4 phit. Chu trinh
nhiét phan tmg PCR cua cip mdi CFITSF1 & CFITSRI nhu sau:
94°C trong 5 phut; 35 chu ky (94°C trong 1 phut, 56°C trong 1
phut, 72°C trong 2 phit), 72°C trong 10 phut.

Bang 1. Cac cép méi str dung trong nghién ctru.

Tenméi  Trinh ty mbi Gen i phim PCR (bp) Nhit a9 bitcip (C)  Ngudn tham khdo
ielF ATGTCACCACAAACAGAAAC

LR TCGCATGTACCTGCAGTAGC

matk-F CGATCTATTCATTCAATATTTC

mtKR  TCTAGCACACGAAAGTCGAAGT

CFITSFI CAAAACAGACCGCGAACG

CFITSRI ~ GGTGCTCGATGGGTCCTTAG

750 5 [

k950 5 1]

555 5 I




San pham PCR duoc dién di trén gel agarose 1% dé kiém tra
kich thudc doan khuéch dai, sau d6 duoc tinh sach theo bo kit
QIAquick Gel Extraction (ciia Hing QIAGEN). Sau khi tinh sach,
san pham PCR dugc giai trinh ty Sanger trén may Sequencer ABI
3100 Bio System. Cap mbi dugc sir dung daé gidi trinh ty cac doan
DNA chinh 1 cip mdi khuéch dai doan DNA trén.

2.5. Phuwong phdp so sanh trinh tw

Cac trinh ty DNA tir mdi xudi va moi ngugc duoc kiém tra
va lap rap lai voi nhau sir dung cong cu Seqman trong DNAStar
dé c6 mot trinh tu déng nhat. Trinh tu cic doan gen thu dugc cua
chc mau can dinh danh dugc so sanh voi céc trinh tw tuong tmg
ctia cac loai trong chi sa trén GenBank sir dung cong cu tryc tuyén
Nuclceotide BLAST [13].

Xéc dinh do twong dong va diém sai khac giira cac trinh tu.
Dit liéu céc trinh tu tham khao dwoc tai vé va luu dudi dinh dang
FASTA dé phuc vu cho viéc tinh toan khoang cach di truyén va
xay dung cy phat sinh ching loai. Khoang cach di truyén duoc
tinh toan str dung phin mém MEGA X [14].

2.6. Phwong phdp xdy dung cdy pha hé

Cac doan trinh ty ciia cic mau va trinh ty tham khao duoc thu
thap tir GenBank dugc so sanh v6i nhau qua phan mém ClustalX
version 2.0. Lya chon mé hinh thay thé nucleotide phii hop nhat
dugc tinh toan bang chirc ning Model trong phan mém MEGA X.
Mo hinh c6 gia trj Bayesian information criterion nho nhét dugc
Iya chon dé xdy dung cdy phat sinh loai. Cay phat sinh chung
loai dugc xay dung trén phuong phap Maximum likelihood trén
MEGA X. Cay pha h¢ Maximum likelihood cho rbcL dugc xay
dung theo md hinh tinh todn Jukes-Cantor [15]. Cay pha h¢
Maximum likelihood cho matK va ITS dugc xdy dung theo mo
hinh tinh todn Tamura 3-parameter [16] Phan tich Bootstrap voi
1.000 lan 1ap lai.

2.7. Phuong phdp xdc dinh ham lwong thanh phan tinh diu
sd

Ham luong va thanh phan tinh dau sa dwoc xac dinh bang
phuong phéap sic ky khi ndi ghép khdi phd (GC/MS) [17]. St
dung cdt mao quan HP5-MS (60 m x 0,25 mm x 0,25 pm), khi
mang: He. Inlet: 250°C, chuong trinh nhiét d9 (60-240°C, ting
4°C/phut), nang lugng ion hoa 70 eV, quét manh 35-450 m/z.
Piéu kién sic ky khi ndi ghép detector ion hoa ngon lira (GC-
FID): C6t mao quan HP5-MS (60 m x 0,25 mm x 0,25 um), khi
mang: He. Inlet: 250°C, chuong trinh nhiét d9 (60-240°C, ting
40°C/phut), khi make up N, khi d6t O, va H,. Thu vién pho
HPCH1607, WO9NOS, NIST chemistry WebBook. Thanh phin
va ham lugng cau tir (%) trong tinh dau sa 1a phan trim dién tich
pic cta cac cdu tir so v6i tong dién tich cac chat bay hoi cua tinh
dau sa.
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3. Két qua va ban luan
3.1. Két qud phan tich hinh thdi s hwong Tdy Giang

Cay sa huong Tay Giang c6 hoa duoc tién hanh phan tich
nghién ctru hinh thai (hinh 1). Cdc mau dugc quan sat bang kinh
lap d6 phong gap 50 1an, dong thoi so sanh v6i mau tiéu ban chuan
(mau Type) hién dang lru gitt tai Bao tang Kew, Vuong qudc Anh.
Két qua ¢ hinh 1 cho thiy, hoa ctia mau sa huong Tay Giang c6
hinh thai giong voi loai C. winterianus Jowitt.

Hinh 1. Cay sa hwong Tay Giang c6 hoa. (A, B) Dang chung; (C) Than va ré;
(D, E, F, G, H) M6t doan be 13; (I, J) Mo va bong; (K) Bong; (L) May; (M, N) May
nhd, nhj va nhuy; (0) May nhé.

Céc be 14, be c6 van, sing bong, nhan, mau hoi vang hodc
chuyen sang mau do tia, phan than b6 chat va ngén hon céc 16ng,
phan gbc rat ngan long léo, tudt khoi than, dai khoang 1 mm, c6
16ng to; phién thing voi dau dang soi dai, 1én dén 1 m x 1,5 (-5)
cm, ru xuéng bing 2/3 chiéu dai cta ching, nhin va sang, mau
xanh lyc nhat & mat trén, phia dudi co nép gip, mép thuong co
hinh ring cua. Cum hoa dang chuty 16n, phan nhanh nhiéu lan, dai
60-100 cm, truc ngoé‘m ngoéo, cac nhanh co6 bac cao nhét két thac
bang mot nhanh phu kéo dai mot cdp nhanh, hinh miii mac thang,
dai 1-2,5 cm, nhiéu gan, mau do nhat; gai dai 1-2 em, ¢d 16ng
nhung, mot phu khong cubng, mot con la1 co cuong, gom 4-7 cap
gai, mdi cap khong cudng, con lai c6 cudng, két thic bang 1 khong
cubng va 2 gai ¢6 cudng. Hinh bau duc thudn dai co gai nhon
khong cudng, dai 4-5 mm, c6 2 bong hoa; hinh miii mac thudn dai
& dudi, hinh dang va kich thudc cia gai, thuong phang, ¢6 canh
hep, c6 2 sung, 0-3 gan; trén hinh thuyén, nua trén c6 3 gan; hoa
ludng tinh phia trén, dai 3 mm, hinh “qua trdm”, 2 thuy, c6 bau dai
dén 5 mm néu co, khong c¢6 bau, nhi 2-3, voi nhuy 2 véi cic dau
nhuy hinh 16ng to. Gai nhon hinh bau duc thudn dai t6i 5 mm, duc
hodc cai bét thy; hinh dang va kich thudc 16p 1ong dudi cua gai,
7-9 gan; mép trén c6 kich thude bang nhau, c6 3 gan; cic bong hoa
duoc biéu thi bang mot vay don dai 3 mm, bao quanh 3 nhj hoa va
2 thiry. Qua hinh try dén gan tron.
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3.2. Két qua tach chiét DNA tir cdy si hwong Tdy Giang

Két qua dién di kiém tra DNA tong sd trén gel agarose 1%
cho thdy, cac midu DNA thu dwoc khong bi dit gdy va co do
df)ng déu cao (hinh 2). Cac mau DNA thu dugce c6 chi s A260/
A280 dao dong trong khoang 1,8-2.2, dam béo chét luong cho
thi nghiém tiép theo.

M 1 2 3 4 5 6

Hinh 2. Hinh anh dién di DNA téng sé clia mau sa hwong Tay Giang. Giéng
M: DNA marker; giéng 1, 2: mau s& hwong Tay Giang thu thap tai xa Axan,
huyén Tay Giang, Quang Nam; giéng 3, 4: miu sa hwong Tay Giang thu thap
tai xa L&ng, huyén Tay Giang, Quang Nam; giéng 5, 6: mau sa huong Tay
Giang thu thap tai xa Tr’hy, huyén Tay Giang, Quang Nam.

3.3. Két qua khuéch dai va gidi trinh tw cdc ma vach DNA
ciia cdac dong sa hwong Tay Giang

Chung t6i da khuéch dai thanh cong trinh tu 2 gen luc lap
la rbeL, matK va trinh ty ving /7S & gen nhan cua 3 dong sa
huong Tay Giang, bao gdm dong ¢ xi Axan, Tr’hy va Lang.
Két qua cho thdy, san pham khuéch dai ving gen rbeL c6 kich
thude 750 bp, matK c6 kich thude 950 bp va doan /7S c6 kich
thudce 555 bp (hinh 3). Kich thudc cic san pham PCR phu hop
v6i kich thude san pham theo 1y thuyét.

M AT L M AT L

1000 bp
950 bp

750 bp

1000 bp

500bp 555 bp

Méi ITS

Méi rbcl Mbi matK

Hinh 3. Két qua dién di san pham PCR clia 3 ma vach DNA clia 3 dong sa
hwong Tay Giang. (A) Xa Axan; (T) Xa Tr'hy; (L) Xa Lang. M: DNA marker.

Sau khi ghép ndi trinh tu xudi nguoc, loai bo trinh ty moi va
trinh tw kém chat luong, trinh tu ving gen rbcL, matK va ITS
cua cac dong sa huong Tay Giang gidng hét nhau va co kich
thude twong Gng 1a 722, 888 va 499 bp. Cac trinh ty trén dugc
gri 1én GenBank véi céc s6 hiéu duoc trinh bay & bang 2.
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Bang 2. Két qua giai trinh tw va so sanh cac vling gen rbcL, matK va ITS
clia cac mau sa trong nghién ciru v&i cac lodi trén GenBank thé gidi.

. $6 hiéu Kich thwée .. o, D} tong
TT  Gen  Miu GenBak (bp) Loi gin nhat i =
1 SHTG Axan 0Q116709 72 100%
2 SHTG Tr'hy 0Que70 M2 100%
3 SHTG Ling e m C. goeringi,C.ctraus, €. g0,
rhel e distans, C. giganteus, C. .
Sa diu Thai Nguyén oQuem2 - m martni, C. jwarancisa, C. 100%
5 Sa chanh Ha Noi 0QueTs 1M commutatus va C. flexuosus —100%
6 Sa chanh Hung Yén 0Qu6714 M2 100%
1 SHTG Axan 0Q116703 888 100%
g SHTG Tr'hy 0011670 888 C.citratus, C. winterianus, {0,
- C. pendulus, C. nardus, C. .
s SHTG Ling 0QIITs - 888 flexuosus va C. commutatus 100%
10 MK G ThiiNgen  0QUIETIS 888 100%
1 Sa chanh Ha Noi 0Q116707 888 C. citratus, C. flexuosus, C. ~ 100%
» ) distans, C. schoenanthus va
12 Sa chanh Hung Yén 0Q116708 888 € i 100%
C. winterianus va C.
13 SHTG Axan 0Q096490 499 100%
flexousus
, C. winterianus va C.
14 SHTG Tr'hy 0Q096491 499 100%
flexuosus
15 5 SHTGLing 00096492 499 C.vinlranis o . 100%
flexuosus
16 Sa diu Thai Nguyén 0Q09493 498 C. flexuosus 100%
1 Sa chanh Ha Noi 0Q096494 494 C. citratus 100%
18 Sa chanh Hung Yén 0Q09495 494 C. citratus 100%

SHTG: s& huong Tay Giang.

3.4. Két qud phdn tich trinh tw gen rbcL va xdy dung cdy
phd hé

Két qua so sanh trinh tw ving gen rbcL cia 3 dong sa huong
Tay Giang véi cac loai sa trén GenBank cho thay, cic dong si
huong Tay Giang gidng 100% véi céc loai C. goeringii, C.
citratus, C. distans, C. gigantesus, C. martini, C. jwarancusa, C.
commutatus va C. flexuosus (bang 2). Két qua di chiéu trinh tu

716

Axan

Trhy

Lang

Sa diu Thai Nguyen

Sa chanh Hung Yen

Sa chanh Ha Noi

HQB600385.1_C _goeringii

- JF949974 2_C distans

- MIN192759.1_C distans

10. MTO83936.1_C distans

11. MK593547 _1_C _citratus

12. KT309059_1_C _pendulus
13. KT309056.1_C flexuosus
14. KT309060.1_C winterianus
15. KJ740992 _1_C nardus

16. MF998313.1_C_commutatus
17. KJ740991_1_C caesius

18. NC_059822 1_C obtectus
19 NC_059821 1_C densiflorus
20. NC_059824_.1_schoenanthus
21. MT610051_1_C _martinii

GEINEITORNE

000000000000 000000N00
00000000000000000000D0

c
C
Cc
c
c
C
c
C
C
C
C
Cc
Cc
Cc
c
Cc
C
C
c
C
c

Hinh 4. Minh hoa sw da hinh & vi tri 716 trén gen rbcL cua cac dong sa
hwong Tay Giang va céac loai sa khac trén thé gidi.
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gen rbcL cua cac dong sa huong Tay Giang voi cac loai co trinh
tir gen rbcL 16n hon 700 nucleotide trén GenBank cho thay su da
hinh ¢ vi tri nucleotide thir 716 cua 3 dong sa hwong Tay Giang so
v6i céc loai trén GenBank. O vj tri nay cua 3 dong sa huong Tay
Giang ciing nhu 3 mau d6i chimg (1 mau sa diu Thai Nguyén va
2 miu si chanh & Ha Noi va Hung Yén) 14 nucleotide T (hinh 4).
Nucleotide T ciing xuét hién 6 céc loai C. goeringii YDK2008538
(HQ600385), C. distans OuXKI11163 (MN192759), C. distans
P6875 (JK949974.2) va C. citratus PS0422MTO01 (GQ436383).

Mo hinh t6i wu cho rbeL 1a Jukes-Cantor, vi vy cdy phat sinh
chung loai dugc xay dung trén phuong phap Maximum likelihood
trén MEGA X theo mo hinh nay. Cay phan loai cho thy, cic dong
sa trong phan tich cta chiing t6i ndm ctng nhanh véi cac loai C.
citratus, C. goeringii va C. distans (hinh 5).

KT309059.1 Cymbopogon pendulus
KT309056.1 Cymbopogon flexuosus
KT309060.1 Cymbopogon winterianus
KI740992.1 Cymbopogon nardus
MF998313.1 Cymbopogon commutatus
100% | g 740001 1 Cymbopogon caesius

NC 0398211 Cymbopogon densifiorus
NC 059822.1 Cymbopogon obtectus
NC 059824.1 Cymbopogon schoenanthus
MT610051.1 Cymhopogon martinii
MT083936.1 Cymbopogon distans
MK393547.1 Cymbopogon citratus
MN192759.1 Cymbopegon distans
GQ436383.1 Cymbapogon cifratus
HQ600385.1 Cymbopogon goeringii

S$a hwong Ty Giang xi Axan

$a hwong Ty Giang xi Ling

100%

S$a hwong Ty Giang xi Tr'hy

Sa dju Thai Nguyén
0,0001 Sa chanh Hung Yén .
— 1F949974.2 Cymbopogon distans

Si chanh Ha Nji
Hinh 5. Hinh anh cay pha hé dwa trén phan tich vung gen rbcL.

Nhu véy, voi két qua giai trinh ty ving gen rbeL thi chi méi
phan loai cac dong sa huong Tay Giang vao chi sa Cymbopogon,
chtr chua phan dinh 16 thudc loai nao.

3.5. Két qud phdn tich trinh tw gen matK va xdy dung cdy
phd h¢

Két qua so sanh trinh ty ving gen matK cia 3 dong sa
huong Tay Giang voi céc lodi sa trén GenBank cho thiy, cac
dong sa huong Tay Giang gidng 100% véi cac loai C. citratus,
C. winterianus, C. pendulus, C. nardus, C. flexuosus va C.
commutatus (bang 2). D chiéu trinh tw gen matK cua cac dong
sa huong Tay Giang vdi cac loai c6 trinh tu gen matK c6 do dai
tuong ty trén GenBank thi théy su da hinh ¢ vi tri nucleotide thir
134, 181, 389, 520, 620, 678, 691, 849, 853 va 861. Tuy nhién,
doan trinh tu matK cia cac mau sa huong Tay Giang va sa diu
Thai Nguyén giong hét v6i loai s chanh C. citratus MF998987.
Nhém sé trén chi thé hién mot su sai khac ¢ vi tri nucleotide thir
861 khi so sanh v&i 2 mau sa chanh Ha Noi, Hung Yén va cac
loai sa khac (hinh 6).
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Axan

Trhy

Lang

MF998987 _1_C. citratus

Sa diu Thai Nguyen

Sa chanh Hung Yen

Sa chanh Ha Noi

- HES74010_1_C_ citratus

- MK593547 1_C._ citratus

10. NC_042144 1_C_ citratus

11. MH488854 1_C citratus

12. EF137459.1_C. citratus

13. KY 596169 .1_C. flexuosus
14_. NC_059822 1_C. obtectus
15. NC_059824.1_C. schoenanthus
16. MTO83936_1_C._ distans

17. NC_059821.1_C. densiflorus
18 LNSOS676 1_C_ caesius

19. MTG610051_1_C_. martinii

20. NC_059823 . 1_C. pospischilii

cENO RN

00000000QOO0000QIM

Cc C
Cc c

(o
Hc
Hinh 6. Minh hoa sw da hinh trén viing gen matK cua cac dong sa hwong
Tay Giang va céc loai sa khac trén thé gidi.

M6 hinh t6i wu cho marK 1a T92 (Tamura 3-parameter
model). Cay phat sinh chung loai dugc xdy dung trén phuong
phap Maximum likelihood trén MEGA X theo m6 hinh T92 véi
Bootstrap 1.000 lan 1ap lai. Cay phan loai dya trén trinh tu matK
cho thdy, 3 miu sa huong T4y Giang v sa diu Thai Nguyén nam
trén cung mdt nhanh voi cac loai C. citratus MF998987 (hinh 7).
Hai miu sa chanh Ha Noi va Hung Yén ndm trén nhanh khéc.
Tuy nhién, dya vao cdy phat sinh ching loai ¢ hinh 6 va két qua
giong hang & hinh 5, ching toi nhan thy trinh tu gen ciia ching C.
citratus MF998987 khac voi cac chung ciing thudc lodi C. citratus
khac & vi tri nucleotide thir 861. Do d6, viéc phan loai 3 mau sa
huong Tay Giang vao loai C. citratus chua du co so.

NC 059824.1 Cymbopogon schoenanthus

MT083938.1 Cymbopogon distans

Sa chanh Hwng Yén

Sa chanh Ha Noi

NC 059822.1 Cymbopogon obtectus

KY596169.1 Cymbopogon flexuosus

MH488954.1 Cymbopogon citratus

NC 042144.1 Cymbopogon citratus

100% | MK593547.1 Cymbopogon citratus

HE574010.1 Cymbopogon citratus

EF137459.1 Cymbopogon citratus
MFE98987.1 Cymbopogon citratus

100%| Sa hwong Tay Giang xa Axan

Sa hwong Tay Giang xa Tr’hy
Sa hwong Tay Giang xi Lang
Sa diju Thai Nguyén

100%

MT610051.1 Cymbopogon martinii
LN906676.1 Cymbopogon caesius
100%' NC 059821.1 Cymbopogon densifiorus

NC 059823.1 Cymbopogon pospischilii
0,0010
—

Hinh 7. Hinh anh ciy pha hé dwa trén phan tich viing gen matK gitra cac mau.
3.6. Két qua so sanh trinh tw ITS va xdy dwng cdy phi hé
Trinh ty ving gen /TS cua 3 dong sa huong Tay Giang gibng

100% véi cac loai C. flexuosus KX828246 va C. winterianus

KT309076 (bang 2). K&t qua nay cling thé hién ¢ cdy pha hé,

trong d6 3 dong sa huong Tay Giang cung nhanh véi C. flexuosus

KX828246 va C. winterianus KT309076 (hinh 8).
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sa hwong Tay Giang xa Ling
sa hwong Tay Giang xa Trhy
sa hwong Tay Giang xa Axan
KT309076.1 Cymbopogon winterianus
KX828246.1 Cymbopogon flexuosus
KX828248.1 Cymbopogon flexuosus
0% KX828243.1 Cymbopogon flexuosus
00%| DQO05036.1 Cymbopogon flexuosus
Sa diu Thai Nguyén
KT309070.1 Cymbopogon flexuosus
98% KF163608.1 Cymbopogon goeringii
—— MF063527.1 Cymbopogon goeringii
KT309074.1 Cymbopogon nardus
KT309069.1 Cymbopogon citratus
ON685417.1 Cymbopogon citratus
Sa chanh Ha Noi
Sa chanh Hwng Yén
KT309075.1 Cymbopogon pendulus
AF019823.1 Cymbopogon citratus

99% | 99%

MH808805.1 Cymbopogon distans
98% —— DQO05037.1 Cymbopogon martinii
L KT309073.1 Cymbopogon martinii

0,0050
—
Hinh 8. Hinh &nh cay pha hé dwa trén phan tich vung ITS giira cac mau.

Chiing t6i da tién hanh so sanh trinh tu ving /TS cta cic dong
sa hwong Ty Giang voi mot s6 loai sa trén GenBank thi thiy su
da hinh & 33 vi tri (hinh 9). MAu sa hwong Ty Giang khong c6 su
sai khac vdi C. flexuosus KX828246 va C. winterianus KT309076.
Mau sa huong Tay Giang co lan lugt 4, 4, 21, 17, 6, 13 va 19 vi
tri sai khac khi so sanh véi cac mau thudc loai C. flexuosus, C.
goeringii, C. citratus, C. pendulus, C. nardus, C. distans va C.
martini (hinh 9). Mau sa diu Thai Nguyén trong nghién ciru c6 4
vi tri khac véi mau sa huong Tay Giang. Dua trén trinh ty I75, thi
mau sa diu Thai Nguyén ndy cung nhém véi loai sa diu C. flexuosus
(hinh 7 va 8). Tuy nhién, trinh tu /7S cua loai sa diu C. flexuosus c6
tinh da hinh cao. Trinh ty /TS ctia 2 mau sa chanh Ha Noi va Hung
Yén c6 18 vi tri sai khac so v6i mau sa hwong Tay Giang (hinh 9).
Cay phan loai dua trén trinh tw /7S ciing cho thiy, mau sa chanh Ha
Noi va Hung Yén nim trén nhanh cach xa v6i nhanh cua cdc miu
sa huong Tay Giang (hinh 8). Nhu vdy, dua trén két qua phn tich
trinh ty /TS, ching t6i mdi phan loai cac dong sa huong Tay Giang
vao 2 loai C. winterianus va C. flexuosus.

1. Axan-TS

2. Trhy-TS

3. Lang_ITS

4. KT309076.1 C. winterianus
5. KX828246.1 C. flexuosus
6. KX828248.1 C. fiexuosus
7. KT309070.1 C. flexuosus
8. Sa diu Thai Nguyen

9. DQ005036.1 C. flexuosus
10. KX828243.1 C. flexuosus
11. KF163608.1 C. goeringii
12. MF063527.1 C. goeringii
13. ON685417.1 C. citratus
14. Sa chanh Ha Noi

15. Sa chanh Hung Yen

16. KT309069.1 C. citratus
17. AF019823.1 C. citratus
18. KT309075.1 C. pendulus
19. KT309074.1_C. nardus
20. MH808805.1 C. distans
21. DQO05037.1_C. martinii
22. KT309073.1 C. martinii

Hinh 9. Minh hoa sw da hinh trén vuing ITS cla cac dong sa hwong Tay
Giang va céc loai sa khac trén thé gioi.
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Cac gen rbcL va matK dugc khuyén nghi 1am ma vach dinh
danh thyc vat bdi Lién minh Nghién cau Ma vach su séng. Trén
GenBank c6 khoang hon 300.000 trinh tw #bcL va hon 200.000
trinh tu marK cta thuc vt dé so sanh. Ngoai ra, ty 1¢ khuéch dai
va giai trinh tu thanh cong rbeL va matK 13 rat cao. Tuy nhién, gen
rbeL ¢6 tinh bao thu cao va tinh da hinh thap nén phu hop dé phan
loai cép chi va ho [18]. Gen matK da dugc st dyng 1am ma vach
DNA cho nhiéu loai thuc vat khac nhau va dat ty 1€ phan loai thanh
cong la 80% & cay ho dau [19], 98,1% vai chi trong diia [20] da
cho biét khong c6 su khac nhau vé trinh tu gen rbeL giita 6 loai sa
C. martini, C. nardus, C. citratus, C. pendulus, C. flexuosus va C.
winterianus dugc trong thuong mai 6 An D9. Trong nghién ciru
cua ching t0i, trinh ty doan gen rbcL cua sd huong Tay Giang
gidng 100% vai 2 loai C. goeringii va C. distans. Do d6, gen rbcL
¢ thé khong hiéu qua trong phan loai cip loai & chi sa. Piéu nay
cling dugc quan sat ¢ chi dia hoang [21] Tuy nhién, trong nghién
cuu cua chung t6i da tim ra duge mot su sai khac nucleotide voi
céc loai trong nghién ctru cua A.K. Bishoyi va cs (2017) [6] cling
nhu mot s6 loai sa trf”)ng 0 khu vuc khac nhu C. comutatus, C.
caesius, C. obteclus, C. densiflorus va C. scheonanthus ¢ ngudn
gdc tir chau Phi, chéu MY, chau Au va chau Pai Duong. Do véy,
chiing toi gia th1et rang, su sai khac nay la do do1 gen dé thich nghl
v6i khi hau trong & Viét Nam ciing nhu mot sé nude & Dong A.
A.K. Bishoyi va cs (2017) [6] cling tim ra 4 sy sai khdc trong trinh
tu matK khi so sanh 6 loai sa C. martini, C. nardus, C. citratus,
C. pendulus, C. flexuosus va C. winterianus. Tuy nhién, trong do
co 1 su sai khac 1a cua C. winterianus va 3 su sai khac 1a ctia C.
martini, 4 loai sa con lai giong nhau. Trong nghién ciru cua ching
t61, sau khi so sanh trinh ty matK cua cac mau sa huong Tay Giang
VoI cac loai sa trén GenBank, chiing toi ciing nhan thay rang, su
da hinh chu yéu 1 do sy sai khac cta cac loai sa C. pospischilii, C.
densiflorus, C. caesius va C. martini (hinh 6). Trinh tu matK cua
cac mau sa huong T4y Giang chi c6 1 vi tri sai khac nucleotide v&i
nhiéu loai sa khac nhu C. citratus, C. Sflexuosus, C. obtectus, C.
schoenanthus va C. distans.

Nhu viy, viéc phan loai cac loai thugc chi sa dya trén trinh
tu rbeL va matK 1a rat han ché boi tinh bao thu cao va da hinh
thap cua cic gen nay trong chi sa. Trinh tw I7S dugc danh gi4 1a
c6 nhiéu sy thay doi hon so véi cac ving gen luc lap nhu rbeL va
matK [16, 22], ITS co trinh ty ng?in hon, nhung lai co nhiéu vi tri
da hinh hon nén 1a mot mi vach DNA tiém ning cho phan loai
loai trong chi sa. Két qua phén tich trinh tu /TS cho thdy, sa hwong
Tay Giang giong 100% véi C. flexuosus CF-4 (KX828246) va C.
winterianus BIO 13 (KT309076). Trong do C. winterianus BIO 13
(KT309076) da dugc phan loai chinh xéac [6] con C. flexuosus CF-4
(KX828246) mai chi la trinh tu duge dua 1én GenBank (https:/
www.ncbi.nlm.nih.gov/nucleotide/KX828246.1). Trinh tu ITS
cua C. flexuosus CF-4 (KX828246) khong c6 su sai khac véi C.
winterianus BI1O 13 (KT309076), nhung sai khac 1-6 vi tri so véi
cac mau C. flexuosus khac (hinh 9). Tuy nhién, dé phan loai chinh
xéc cc dong sa huong Tay Giang thudc loai cu thé nao, ching
t61 can tién hanh phén tich thém ham luong thanh phan tinh dau.
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3.7. Dinh danh chinh xdc tén khoa hoc dong sd hwong Tdy Giang

Dé phan loai chinh xac tén khoa hoc cua sa huong T4y Giang,
ngoai can cir két qua phan tich chi thi phan tir ching t6i tién hanh
phén tich ham lugng thanh phan tinh dau cta cac mau tinh dau sa
huong Ty Giang biang phuong phap GC/MS. Két qua cho thay,
thanh phan cta tinh dau sa huong Tay Giang gdm 3 thanh phan
chinh: citronellal (40-42%), citronellol (10-13%) va geraniol (17-
21%). Tap hop két qua phan tich phan ti, hinh thai va thanh phan
chinh tinh dau, chung t6i lya chon 3 loai sa gan nhit bao gom: C.
winterianus, C. goeringii va C. flexuosus dé so sanh dinh danh khoa
hoc chinh xéc cho sa hwong Tay Giang dugc thé hién ¢ bang 3.
Bang 3. Két qua so sanh hinh thai, phan tir va thanh phén tinh dau cta sa
hwong Tay Giang véi mét so loai sa gan nhat.

C. winterianus C. goeringii C. flexuosus
Hinh théi Tuong dong
Thinh phin tinh ~ Citronellal, citronellol, citronellal, citronellol, Geranial & Neral
duchinh geraniol [23] geraniol [3)] [24]
rbel  Saikhac | nucleotide Khang sai khac Sai khac 1 nucleotide
Chithi  matK  Khong sai khac Khong sai khc Khong sai khac
phén tir A s Thin dAn et Lhan 1.
15 Kbingsi ki ik Moty onesi ki a4
nucleotide

Két qua bang 3 cho thdy, thanh phan tinh dau chinh cia sa
huong Tay Giang (bao gdm citronellal, citronellol va geraniol)
khéc so voi loai C. flexuosus (bao gdm geranial va neral), vi viy
sa huong Tay Giang khong thudc loai C. flexuosus. Khi so sanh
sa huong Ty Giang voi loai C. goerngii cho thiy, khac vé hinh
thai, twong dong vé thanh phan tinh dau chinh, khong sai khac
vé trinh tu doan gen matK va rbcL, nhung sai khac 3-4 nuleotide
trong trinh tu ITS (bang 3). So sanh voi loai C. winterianus thi sa
huong Tay Giang tuong dong vé hinh thai va thanh phan tinh dau
chinh, khong sai khac vé trinh ty gen matK va ITS, chi sai khic mot
nucleotide trong trinh tu gen rbcL (bang 3). Do do6, sa huong Tay
Giang dugc phan loai vao loai C. winterianus Jowitt.

4. Két luan

Su két hop gitra phéan tich hinh thai, chi thi phan tir va thanh
phan tinh dau, chung toi di phan loai cic miu sa huong Ty Giang
thudc loai C. winterianus Jowitt. Trong do, trinh ty /7S va thanh
phén tinh dau 14 hai chi thi chinh trong phan biét cac loai thugc chi
sa. Két qua nghién ciru nay cung cép co so khoa hoc vé cac thong
tin phan loai cdy sa huong Tay Giang. Viéc phén loai sa huong
Téy Giang vao loai sa Java tao tién dé cho viéc thuong mai hoa san
pham tinh dau sa, giup doanh nghiép co thém dir liéu trong vide
truy xudt nguon gbe, khai thic va san xuat tinh dau tir sa huong
Tay Giang phuc vu cho xuat khau.
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Nghién ciru st dung vi khuan Bacillus c6 kha ning phan giai 1an kho tan
trong Ién men chat thai chdn nudi ga 1am phan bon hiru co vi sinh dang long
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Trung tam Sinh hoc Thiee nghiém, Vién Ung dung Cong nghé, C6, phirong Thanh Xudn Bdc, qudn Thanh Xudn, Ha Néi, Viét Nam
Ngay nhan bai 13/6/2023; ngay chuyén phan bién 15/6/2023; ngay nhan phan bién 3/7/2023; ngy chip nhan ding 6/7/2023

Tém tit:

Vi khuén phan gidi lan glup chuyen héa lan kho tan thanh dang dé tiéu, ting kha ning hap thu cida cay trong Nguon vi khuén
nay dugc u’ng dung nhiéu trong viéc xit ly cac loai chét thai chira ham lwgng 1an khé tan cao. Nghién ciru nay da xac dinh duge
cac yéu to thich hgp cho qué trinh Ién men chét thai chin nudi ga lam phin bén hiru co vi sinh dang 16ng sir dung 2 chiing vi
Khuén Bacillus subtilis 16 va B. amyloliquefaciens 1.26, v6i diéu kién: ty 1¢ tiép gibng 5% v/v (mat dd giong 10° CFU/ml, ty 1
2 chiing vi khuén I3 50-50), pH 7, nhiét d 30°C trong thoi gian 8 ngay. Chit lwgng phan bon dat QCVN 01-189/BNNPTNT véi
ham lrgng chét hiru co' dat 30,66%, lan dé tiéu dat 1,57%, mat d9 vi khudn Bacillus dat 5,55x10° CFU/ml, khong c6 cAc vi sinh
vat gy bénh Salmonella va Escherichia coli. Két qua thir nghiém phan bén hiru co' vi sinh dang long gitip ting kha ning sinh
truéng, ting ning suit ciia cy ca chua 12,9% so v6i doi chirng sir dung phan bén NPK.

Tir khda: ca chua, chét thai chin nudi ga, phan bén hiru co vi sinh dang 16ng, vi sinh vt phén giai lin.

Chi sé phin loai: 1.6

1. Dét van dé

Hién nay, nghién ctru tmg dung vi sinh vét trong viéc xir Iy cac
nguén phy pham trong chan nudi nhu phan gia suc, gia cam... lam
phan bon cho cdy trong ngay cang dugc quan tam trong chién luoc
phat trién nong nghiép bén vimg. Cac ching vi khuan Bacillus
dugc st dung thuong co6 cac dic tinh nhu khang vi sinh vat gay
bénh cay tréng, sinh chét kich thich sinh trudng thyc vat va déc
biét 1a hoat tinh phan giai 1an kho tan thanh dang dé tiéu ma cay
trong str dung duoc [1]. Chét thai chan nudi ga 1a ngudn phan bon
c6 chita ham lwong chat dinh dudng cao. Trong phan ga c6 chira
0,54% lan (P) téng sb [2]. bay la ngubn co chét ly tudng aé ung
dung vi khuan Bacillus trong xur ly tao ra ngudn phan bon v6i ham
luong P dé tidu cao - ngudn P ma cdy trong ¢ thé sir dung.

Phan bon hitu co vi sinh dang 16ng 1a loai phan bon ti wu hoa
su hép thu chat dinh dudng khoang cho cdy tréng, giup tang nang
suat gidm lugng phan héa hoc va phuc hoi dat giam chi phi san
xudt nong nghiép, dam béo sir dung toi uu nguon tai nguyén thién
nhién [3, 4]. Trén thé gi6i da c6 mot sd nghién ctru tao phan bén
hiru co dang long tir phan ga két hop nam Trichoderma harzianum.
Sau qué trinh 18n men st dung phan ga co b sung chat hoat hoa
sinh hoc Biosca va ndm T. harzianum gitip ting ham luong N
5,33%, P 2,41%, K 1,34% & pH 7,1. Loai phan bon nay da dugc
chimg minh c6 tac dung tich cuc 1én sy phat trién cta cdy ca chua

[5].

Viét Nam c6 nguon chat thai chin nuéi ga rat 1on, nhung cha
yéu dung dé & phan compost, chua duoc x 1y 1am phan bon hiru
co vi sinh dang long. Do do, nghién ctru nay khong nhimg c6 y
nghia vé& mat khoa hoc, ma con mang y nghia thyc tién cao. Muc
dich ctia nghién ctru nhdm xir Iy ngudn chét thai chan nudi ga lam

“Tac gia lién hé: Email: chienceb@gmail.com
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phan bén hitu co vi sinh dang long st dung vi khudn Bacillus co
kha nang phan giai P kho tan. Két qua ctia nghién ciru gitp tan
dung duoc nguon chat thai chin nudi ga, tir 46 giam thiéu 6 nhidm
moi truong va tao duge nguon phan bon cht lugng cao g dung
trong nganh ndng nghiép hiru co.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit liéu

Ching vi khuan B. subtilis L16 va B. amyloliquefaciens 126
¢6 hoat d phan giai phosphate kho tan lan luot dat 43,73 va 48,17
mg/l, ¢6 kha ning khéng 3 ching vi khuan gy bénh 1a E. coli,
Staphylococcus aureus, Salmonella enterica va kha nang sinh tong
hop chét kich thich sinh truéng thuc vat IAA [6] thude bd suu tap
giéng vi sinh vat ciia Trung tdm Sinh hoc Thyc nghiém, Vién U’ng
dung Cong nghé.

Chét thai chan nudi ga dugc thu thap tai Cong ty TNHH Dich
vu Ngoc Anh tai huyén Tam Do, tinh Vinh Phic.

Hat giéng ca chua Mogo (TV-20) duoc cung cap bi Cong ty
CP Hat giong Tre Vict.

2.2. Phwong phdp nghién ciru

2.2.1. Nghién ciru anh hwong ciia mot s6 yéu to dén qua trinh
phan giai lan kho tan cua vi khuan Bacillus trong lén men chat thai
chan nuoi ga tao phan bon hitu co vi sinh dang long:

Phuong phap tién xur 'ly: Phén ga duoc thu gom va dua vao bé
tién xir ly. Tai bé nay, tién hanh bo sung voi bot 5% dé giam mui
hoi va tranh thét thodt chit dinh dudng [7]. Co chat duoc tao ra tir
bé tién xir ly dugc bd sung v6i nude theo ty 1§ 1:5. Hon hop duoc
loc bang hé théng Iudi loc 2 16p (16p 1 1a ludi loc inox 304, kich
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Abstract:

Phosphorus-degrading bacteria help convert insoluble
phosphorus into a readily digestible form that plants can use.
This source of bacteria is widely used in the treatment of wastes
containing highly insoluble phosphorus. This study determined
the suitable factors for the fermentation of chicken waste to
make liquid microbial organic fertiliser using two strains of
bacteria Bacillus subtilis .16 and B. amyloliquefaciens 126 with
the following conditions: the rate of breeding 5% v/v (with the
density of 10 CFU/ml, ratio of 2 bacterial strains is 50-50), pH
7, temperature 30°C for 8 days. The quality of liquid microbial
organic fertiliser from chicken waste meets the QCVN 01-
189/BNNPTNT criteria with an organic substrate content of
30.66%, bio-available phosphorus of 1.57%, the density of
Bacillus bacteria reached 5.55x10° CFU/ml, and no Salmonella
and Escherichia coli causing disease. The results of using liquid
microbial organic fertiliser increased tomato fruit growth and
yield by 12.9% than that of the control using NPK fertiliser.

Keywords: chicken waste, liquid microbial organic fertiliser,
phosphate solubilising microorganisms, tomato.

Classification number: 1.6

thude 0,3 mm; 16p 2 1a ludi loc siéu min mesh 200). Hon hop sau
loc dugc lay mau, bo sung ri dudng 3%, 1an nung chay 5% va diét
mam bénh bing phuong phap khi tring 120°C trong vong 30 phut
dé str dung cho 1én men tao phan bén hitu co vi sinh dang long.

Phuong phap xac dinh anh huong ciia mot s6 yéu o trong
qué trinh 1én men: Anh huéng cia cac thong so 1én men t6i
sy sinh truong cua cac chung vi khuan B. subtilis L16 va B.
amyloliquefaciens 126 dugc nghién ciru doc 1ap voi nhau bing
cach thay doi yéu 6 khao sat trong méi truong dung dich chit thai
chan nuoi ga. Két qua lya chon phu hop cua thi nghiém trudc s&
duoc ap dung cho cac thi nghiém tiép theo [8]. Qua trinh 1én men
chét thai chan nudi ga dugc thye hién ¢ quy mo 1 1 dich [én men
chura trong céac binh thuy tinh trung tinh 2 1. Céc thi nghi¢m st
dung méy ldc nhiét LabTech LSI-3016A (Han Quéc) va dugc lip
lai 3 lan doc lap.
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Ty 1¢ tiép giong: 2 ching vi khuan B. subtilis L16, B.
amyloliquefaciens 126 dugc nudi cdy riéng trén moi truong
Pikovskaya & 30°C, nuéi lic 150 vong/phut trong 48 gio. Dich
nudi cy timg chung vi khudn duoc didu chinh vé mat do 108 CFU/
ml va phdi tron voi nhau theo ty 50:50. Sau do, bd sung vao dung
dich chét thai chin nudi ga voi ty 16 b sung 1a 1, 3, 5, 7, 10% va
diéu chinh vé pH 7. Hon hop dugc tién hanh nuéi lic ¢ 30°C, 150
vong/phut. Panh gia ham lwgng P dé tiéu (tinh theo P.0,) theo
TCVN 8942:2011 va mat do Bacillus sp. theo TCVN 8736:2011
sau 10 ngay dé x4c dinh anh huong cia ty 18 tiép giong trong quéa
trinh [én men tao phan bon hitu co vi sinh dang long.

Anh huong ciia pH: Hon hop chit thai chin nudi ga dugce diéu
chinh vé cic khoang pH: 4, 5, 6,7, 8 va 9. Tién hanh nudi lac 150
vong/phit ¢ 30°C. Banh gid ham lugng PO, dé tiéu va mat do
Bacillus sp. sau 10 ngay dé xac dinh anh hu(mg cua pH trong qua
trinh [én men tao phan bon hitu co vi sinh dang long.

Anh huong cia nhiét do: Dé xac dinh dugc khoang nhiét do toi
wu trong qud trinh 1én men, hon hop chét thai chin nudi ga dugc
lén men ¢ cac khoang nhiét do: 25, 30, 35 va 40°C. Tién hanh nuoi
lic 150 vong/phut. Panh gid ham lugng P,0; dé tiéu va mat do
Bacillus sp. sau 10 ngay dé xac dinh anh hudng cta nhiét do trong

qua trinh 1én men tao phan bon hitu co vi sinh dang long.

Anh hudng cta thoi gian 1én men: Hon hop chét thai chan nubi
ga dugce 1én men trong thoi gian: 0, 2, 4, 6, 8 va 10 ngay. Tién hanh
nuoéi lic 150 vong/phut, ty 1é tiép glong, nhiét do, pH di duoc toi
uu ¢ trén. Danh gid ham lugng P O, dé tiéu va mat do Bacillus sp.
dé x4c dinh anh huong cua thOl glan trong qud trinh 1én men tao
phén bon hitu co vi sinh dang long.

2.2.2. Danh gia chdt heong ciia phan bén hitu co vi sinh dang
long tir chat thai chan nuoi ga:
Xéc dinh mat do vi khuén Bacillus sp. theo TCVN 8736:2011,

E. coli theo TCVN 7924-2:2008, Salmonella theo TCVN 10780-
1:2017.

Xéc dinh ham lugng hitu co tong s6 (TCVN 9294:2012), nito
tong s6 (TCVN 8557:2010), P tong sb (TCVN 8563:2010), P
dé tiéu (TCVN 8661:2011), K tong s6 (TCVN 8562:2010), pH
(TCVN 6146:2007), kim loai ning (AOAC 2015.01).

2.2.3. Thir nghiém phdn bon hitu co vi sinh dang long trén mo
hinh trong ca chua:

BO tri thi nghiém: Cdy ca chua sau khoang 3 tl}?ln wom (co 4-5
14 that) dugc chuyén trong sang bau voi mat do trong 60x70 cm.

L6 d6i chimg: S6 lugng 200 cdy ca chua giéng Mogo (TV-20),
st dung phan bon NPK 10:8:12.

L6 thi nghiém: S& lugng 200 cdy ca chua giéng Mogo (TV-20),
st dung phan bon hitu co vi sinh.

Phan bon hitu co vi sinh dang long duoc tudi voi nong do 5%.
Quy trinh tudi va lugng phan bon dugc ap dung theo k thudt trong
ca chua an toan quanh niam cua T.K. Thi va cs (2003) [9]. Mdi cong
thire duoc lap lai 3 lan.
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Céc chi tiéu sinh truong cdy ca chua: chidu cao cdy (cm), sb
la/cay vao cac thoi diém sau 2, 4, 6, 8, 10 va 12 tuan.

Céc chi tidu ndng suét cy ca chua: sfS qua/cdy, duong kinh qua
(mm), trong lugng qua (g), ndng suat (tan/ha).

2.2.4. Xit I 56 liéu: Sir dung phuong phép thdng ké sinh hoc
trén phan mém Excel 2016.

3. Két qua va ban luan

3.1. Anh hwdéng cia mot s yeu 16 dén qud trinh phan gidi
lin kho tan ciia vi khudn Bacillus trong lén men chit thai chén
nudi ga lam phén hitu co vi sinh dang long

3.1.1. Anh hwong ciia ty 1é tiép glong Ty 1¢ tiép giong la yeu
t0 quan trong anh huong t6i mat do vi sinh vat va kha nang chuyén
héa P khé tan trong qué trinh 1én men, quyét dinh dén chét lwong
va chi phi san xut, Két qua xac dinh anh huong cua ty 1€ tiép
giong toi ham luong PO, dé tiéu va mat do vi khuan Bacillus trong
dich 1én men chat thal chan nudi g dugce thé hién ¢ hinh 1.
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Hinh 1. Anh hwéng cua ty 1é tiép gidng dén qua trinh l1én men tao phan
bén hiru co vi sinh dang ldng.

Két qua nghién ctru véi ty 18 tiép giong 1%, ham lugng P ,0,
dé tiéu dat 0,87%, mat do vi khuan Bacillus trong dich 1én men
dat 1,8x107 CFU/ml. Véi ty 18 tiép glong 5-10%, ham lugng P,0,
dé tidu dat 1,58-1,59% va mét d¢ vi khuan Bacillus trong dich len
men déu>10° CFU/ml. Nhu vay co thé thay, viée st dung vi khuén
Bacillus trong 1én men chat thai chin nuéi ga di 1am ting ham
luong P O, dé tiéu. C4c nghién ctru vé viéce sir dung vi sinh vat hitu
ich lam tang ham luong P,0, dé tiéu trong phan bon hiru co dang
long tir chat thai chin nu01 ga chua c6 nhicu. Hon nita, voi ty 1¢
tiép giong 5-10% mat do vi khuan hiru ich Bacillus trong dich 1én
men déu dat >10° CFU/ml, day la mat d6 ma vi khuén Bacillus ton
tai & dang bao tir gitp chung tén tai lau hon ¢ cac diéu kién bat loi
[10]. Vi vay, dé tiét kiém nguon giong nham giam chi phi cho qua
trinh san xuét, ty 1¢ tiép giong 1a 5% duoc lya chon dé tién hanh
céc nghién ciru tiép theo.

3.1.2. Anh huong ciia pH: Két qua khao sat anh huong cua pH
trong qué trinh 1én men cht thai chan nudi ga cho thiy, pH anh
huong t6i ham luong P,0 dé tiéu va mat do Bacillus trong dich
1én men (hinh 2). Két qua nghlen ctru cho thdy, pH thich hop cho
qué trinh 1én men 1a 7. O pH 7, sau 10 ngay 1én men ham luong
PO, dé tiéu dat cao nhat 1 1,58%, mat do Bacillus dat 5,56x10°
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CFU/ml. Céc nghién ctru cho thiy, vi khudn Bacillus ton tai 6n
dinh ¢ pH 6,8-7,0, day 1a khoang pH thuong dugc su dung cho
cac san pham chira vi khuan Bacillus [11, 12]. pH thap hon 5 hodc
cao hon 8 s& 1am giam kha nang phéan giai P kho tan cta vi khuan
Bacillus [13]. Vi vay, nghién ctru nay lya chon pH 7 la pH thich
hop cho qua trinh 1én men san xuat phan bén hiru co vi sinh dang
1ong tir chat thai chan nudi ga.
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Hinh 2. Anh hwéng cta pH dén qua trinh 1én men tao phan bén hiru co
vi sinh dang léng.

3.13. A’nh huong cua nhiét do: Két qua nghién ctru cho théy,
nhiét d6 1a yéu t6 quan trong anh huong dén ham luong PO, dé
tiéu va mat do vi khuan Bacillus trong qua trinh 1én men chat thai
chan nudi ga tao phan bon hiru co vi sinh dang long (hinh 3). Nhi¢t
dg thich hop cho qua trinh 1én men 1a 30°C, sau 10 ngay 1én men
cho ham lugng PO, dé tiéu cao nhat va mat d¢ vi khuan Bacillus
dat cao nhat. O khoang nhiét d6 thap hon (25°C) hodc cao hon
(35-40°C), ham lugng P O, dé& tiéu va mat 4o Bacillus giam manh
s0 voi qua trinh 1én men ¢ 30°C. Nghién ctru cua T.Y. Mujahid va
cs (2015) [14] cho thdy, cac chung vi khuan Bacillus ¢6 kha ning
phén giai P kh6 tan manh & 30°C, tang nhiét do din dén giam kha
nang phén giai P. Theo nghién ctru cua R. Gupta va cs (2022) [15],
B. subtilis phét trién manh va dat hi¢u sudt phan giai P cao nhat
trong khodng nhiét dg 28-30°C. Vi vdy, chiing toi lya chon nhiét do
16n men 30°C cho cac thi nghiém tiép theo.

1.8 r 70
b6 L 60
14 o
~ 50 E
§ 12 £
E 1 40 O —e—po, diticu
< -
@ 2
< 0.8 F 30 7 == Bacillus (x10")
=] S
= 0,6 s
& F20 8§
0,4 Q
0.2 10
0 0
25 30 35 40
Nhiét a9 (°C)

Hinh 3. Anh hwéng cua nhiét do dén qua trinh 1én men tao phan bén hiru
co vi sinh dang long.

3.1.4. Anh hwong cuia thoi gian [én men: Sau khi lya chon duoc
cac diéu kién thich hop cho qua trinh 1én men chét thai chan nuéi
g4 bao gdm: ty 18 tiép gidng 5%, pH 7 va nhiét do 30°C, nghién
ctru tién hanh xac dinh anh huong cta thoi gian dén qué trinh 1én
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men tao phan bon hitu co vi sinh dang long. Két qua duoc thé hién
¢ hinh 4.
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Hinh 4. Anh hwéng cua thei gian dén qua trinh 1én men tao phan bén hiru
co vi sinh dang léng.

Két qua nghién ctru sau 10 ngay 1én men cho théy, ham lugng
PO, dé tiéu va mat do Bacillus déu tang theo thoi gian. Trong do,
ham luong P.O de tiéu ¢ ngay thir 8 va 10 khong co su khac biét
nhicu, tu(mg ung dat 1,57 va 1,58%; mat do Bacillus twong Ging
dat 5,55x10° va 5,56x10° CFU/ml. Nghién ctru cia R. Rahmad va
¢s (2019) [5] d ing dung hiéu qua nam T harzianum trong X\ 1y
lam phan bon hitu co vi sinh dang long védi thoi gian 1én men 7-21
ngay. Vi vay, trong nghién ciru nay, 8 ngay dugc lya chon 1a thoi
gian 18n men phu hop cho qué trinh san xudt phan bon hiru co vi
sinh dang l6ng tir chat thai chan nudi ga.

3.2. Pdnh gid chit lwgng phén bén hivu co vi sinh dang long

Chit lugng phan
bon hitu co vi sinh

. 140
dang long tir chat thai
w At A 120
chan nuodi ga dugc thé
hién & bang 1. Két qua 2 1%
phan tich chat luong = 80
phén bon hiru co vi sinh < 60
dang long tir chat thai S 4
chan nu6i ga cho thay g
N A ~ o 20
ham lugng chat hiu

co dat 30,66%, PO, 0
dé tiéu dat 1,57%. Ket
qua phan tich mat d¢ vi
sinh vat cho the”iy, mat
d6 vi khuan Bacillus
dat 5,55x10° CFU/ml,
khong phat hi¢n vi sinh vat gay bénh (E. coli, Salmonella). Thong
thuong trong chat thai chan nuéi ga céc vi sinh vat gy bénh nhu
E. coli, Salmonella rat cao (>10° CFU/g) [16]. Trong qua trinh tién
xtt 1y, chat thai chin nudi da duoc khu tring & 120°C/30 phut. Vi
vy, sau qua trinh 1én men s€ khong phat hi¢n vi sinh vat gay bénh.
Nhu vay, phan bon hitu co vi sinh dang 10ng trong nghién ctru nay
dat chat luong theo QCVN 01-189:2019/BNNPTNT vé chat luong
phan bon ciia Bo Nong nghiép va Phat trién Nong thon.

EPC TN
Théi gian
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Bang 1. Chét lwong phan bén hiku co vi sinh dang long.

S6 thirtw  Tén chi tiéu Pon vi tinh Két qua

1 pH = 7,12+0,35
2 N tong s6 %N 2,81+0,14
3 P tong s6 % P,0, 2,39+0,12
4 K tong s6 % K,0 2,4440,21
5 Chét hitu co téng s6 (OM) % 30,66+1,14
6 P,0, détiéu % P,0, 1,57+0,14
7 Ty 18 C/N - 10,91

8 Bacillus CFU/ml 5,55x10°
9 Salmonella CFU/25 ml KPH

10 E. coli CFU/ml KPH

KPH: khéng phat hién.

3.3. Két qua thir nghiém phén bon hizu co vi sinh dang léng
trén mo hinh trong ca chua

Két qua nghién ctru cho thay, phan bon hitu co vi sinh dang
long co tac dung tdng cuong khd ndng sinh trudng cho cay ca chua
duoc thé hién thong qua cac chi tidu chiéu cao cdy, s 14/cay ¢ 16
thi nghiém déu cao hon 16 ddi chung (hinh 5). Cac nghién clu
{mg dung phén hitu co vi sinh dang long tir chat thai chin nudi ga
chtra vi sinh vat hiru ich 1a vi khuan Bacillus chua c6 nhiéu. Mot
s nghién cru trén thé gidi cho thay, phan bon hitu co vi sinh dang
long tir chét thai chan nudi ga (chira vi sinh vat hitu ich 1a ndm T,
harzianum) giup kich thich sy sinh truong cla cay ca chua va gitp
cdy phét trién dong déu (hinh 6) [5].

40,0
35,0
30,0
25,0
20,0
15.0
10,0

5,0

S6 la/cay

Tuén?2 Tuin4 Tuin 6 Tuin§ Tudn10 Tuinl2
EDC BTN
Thei gian

Hinh 5. Anh hwéng cta phan bén hivu co vi sinh dang 16ng dén kha ning sinh trwéng cua cay ca chua Mogo (TV-20).

Ning sudt va cac yéu td cau thanh ning suét 1a nhimg chi tiéu
dung dé danh gia mot cach hoan thién hon vé higu qua ctia phan
bén trén cdy trong. Nang sudt ciia ca chua duoc kiém soat bing
dic trung di truyén cua giéng va chiu tac dong cua cac diéu kién
ngoai canh, ché d6 dinh dudng ciing nhu bién phap k¥ thuat canh
tac [17]. Két qua ¢ danh gia anh huong cua phan hitu co vi sinh dang
long t6i nang sudt va cac yéu t cdu thanh ning sudt ciia ca chua
dugc thé hién ¢ bang 2.
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Hinh 6. Hinh anh cay ca chua Mogo (TV-20) tai mé hinh thi nghiém.

Bang 2. Gia tri trung binh vé nang suat va cac yéu té ciu thanh ning suét
cua cay ca chua Mogo (TV-20).

Miu $6 quilcdy g)?"gl“‘-’“gq“ﬁ zi‘lil)q“ﬁ :tf’n“)gq“é z::/gh;‘)‘at
L6 ddi chimg (BC) 242 87,1 6,6 53 50,2
L thi nghigm (TN) 25,5 932 69 56 56,7
LSD, , BC 125 241 0,18 0,11 2,18
LSD, ;TN 166 1,54 0,13 0,14 2,65

LSD, ... cac gié tri trung binh khac nhau cé y nghia théng ké véi dé tin cay 95%

(twong ting mirc § nghia 6=0,05).

Két qua nghién ciru cho thy, ning suit va cic yéu td cu thanh
ning suat & 16 sir dung phan bon hitu co vi sinh dang 16ng déu cao
hon 16 d6i chimg. Ning suét qua ¢ 16 thi nghiém cao hon so véi 16
dbi chimg 13 12,9% va cao hon 18/24 gidng ca chua trong nghién
ciru ctia N.T. Hien va cs (2020) [18]. Két qua nghién ciru nay 1a co
s& khoa hoc quan trong trong viéc tng dung loai phan bon hiru co
vi sinh dang 1ong tir chét thai chin nudi ga chira vi khudn Bacillus
cho cay trong.

4. Két luan

Nghién ciru di xac dinh dugc céc yéu to thich hgp cho qué trinh
1én men chat thai chan nudi ga lam phéan hiru co vi sinh dang long
st dung 2 ching vi khuan B. subtilis L16 va B. amyloliquefaciens
L26 gom: ty 1¢ tiép giong 5% (mat do gidng 10° CFU/ml, ty 1¢ 2
chung vi khuén 1a 50-50), pH 7, nhiét d6 30°C trong 8 ngay. Chit
luong phan bon tao thanh dat QCVN 01-189/BNNPTNT véi ham
luong chét hiru co dat 30,66%, lan d& tiéu dat 1,57%, mét do vi
khuan Bacillus dat 5,55x10° CFU/ml, khong c6 Salmonella va E.
coli gdy bénh. Phan bon hiru co vi sinh dang long giup tang cac chi
tiéu sinh truong, ting ning suat clia cy ca chua 12,9% so véi ddi
ching str dung phan bon NPK.

Nghién ctru nay duoc thyc hién véi sw hd tro kinh phi tir nhiém
vu khoa hoc va cong nghé cip B6 nim 2022-2023: “Nghién ciru
cong nghé xr Iy chét thai chin nudi ga dé san xuit phan bon hiru
co vi sinh dang long tmg dung trong san xuét nong nghiép” cia
Vién Ung dung Cong nghé. Céc tac gia xin trin trong cim on.
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Nghién ciru, thir nghiém cong nghé song am be mét khong day thu dong
dé giam sat nhiét do trong cac thiét bi dan dién cao dp
Lé Qudc Tun', Nguyén Vin Dua", Nguyén Qudc Hung', Nguyén Hoang Long', Nguyén Thi Thu Ha2, Nguyén Thi Hué
"Trung tam Cong nghé Vi dién tit va Tin hoc, Vién Ung dung Cong nghé, C6, phuong Thanh Xudn Bdc, qudn Thanh Xudn, Ha Néi, Viét Nam

*Truong Dién - Bién tit, Pai hoc Bdch khoa Ha Ngi, 1 Pai Co Viét, phwong Lé Dai Hanh, qudn Hai Ba Trung, Ha Noi, Viét Nam
Ngay nhan bai 18/7/2023; ngay chuyén phan bién 20/7/2023; ngay nhan phan bién 11/8/2023; ngay chép nhan dang 15/8/2023

Tém tit:

Bai bdo trinh bay vé nghién ciru va thiét ké hé théng gidm sat nhiét thu dong sir dung cam bién nhiét do khong diy dua trén
nguyén Iy séng am bé mit (Surface acoustic wave - SAW). Hé thong giam sat duwgc sir dung trén cac ddi twong cin dwoc theo ddi
phét nhiét nhw ¢ cac tiép diém déng cat, thanh cai va cac két ndi cap tai cac tii hop bd hodc tii trung thé RMU (Ring main unit).
Cim bién nhiét d9 SAW khong day dworc sir dung trong nghién ciru nay chiu dwoc cic xung dién ap, con dwoc goi la mirc cach
ly xung co ban (BIL - Basic impulse insulation level) va khong cin cip ngudn cho cic cim bién phit hop véi yéu ciu cao ddi véi
cac thiét bi lap trong cac tii kin, tii hgp b trung thé. Trong nghién ctru nay, cic tac gia di tién hanh lya chon cam bién, thiét ké
ché tao b truyén dir liéu va xdy dung phin mém. Két qua thir nghiém trong diéu kién phong thi nghiém cho thiy hé thong hoat

dong on dinh, sai s6 nhiét d9 nam trong ngudng +2°C.

Tir khéa: cim bién khong diy thu dong, cim bién nhiét d dwa trén nguyén Iy séng 4m bé mit, ti hop bd.

Chi sé phin logi: 2.2

1. Dt van de

Ngay nay, cac tram cung cap dién thudng phai hoat dong
& hiéu suét cao va bi qué tai dan dén nhiéu su ¢ nguy hiém,
ciing nhu gay thiét hai 16n vé kinh té. Trong nim 2012, mot gio
mét dién & S& Thuong mai Chicago, My di gy thiét hai hon
20 ty USD do vi¢c luu thong buodn ban bi dinh tré. Cong ty Sun
Microsystems d4nh gia ctr mdi 1 phut mét dién tai My 1am thiét
hai 1 tri¢u USD [1]. Nguyén nhan gay hong hoc tai cac tram
dién c6 thé dén tir nhiéu thiét bi nhu dong co, may phat dién,
may bién ap ciing nhu cdc bd phan ciia hé thong phan phdi dién
(kim dién, diém két ndi, duong day) do hién twong qua nhiét
hoic do vat liéu hay do qué tai trong timg thiét bi. Cac thiét b
trong ta hop b co thé bi qua nhiét do tai qué nhidu, hao mon
va diéu kién moi truong hoat dong. Néu khong dugc giam sat,
nhitng diéu kién nay c6 thé dan dén hong hoc, thiét bi dong cat
va thiét bi xung quanh, ton that san xuét dién, trong truong hop
nghiém trong, c¢6 thé gay thuong tich téi nguoi van hanh. Cac
ché a6 hu hong pho bién bao gdm nhiét do qué cao, phong dién
cuc bo va do 4m cao. Nhiét do cao c6 thé xay ra ¢ cac tiép diém
doéng cit, thanh cai va cac két nbi cap co xu hudng long 1éo
hodc bi an mon theo thoi gian. Cac 16i ting nhiét khong duoc
phat hién nhu thé nay s& ting cuong qué trinh 6xy hoa va sinh
nhiét dan dén chay, bong troc, nong chay va an mon vat liéu
cach nhiét. Néu khong xac dinh va kiém soat kip thoi, mic do
qua nhiét s& anh huong 16n dén vat liéu bao vé va tudi tho thiét
bi trong ti hop bo. Nguy co nd thiét bi dong cat ¢6 thé lam anh
hudng dén an toan.

*Tac gia lién hé: Email: nguyenduabka@gmail.com
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Viéc giam sat nhiét dd la mot phuong phap dé phat hién cac
su ¢b cua thiét b trong tu hop bd, bén canh viéc gidm sat phong
dién cuc bg. Mt thach thite trong viéc thyc hién giam sat nhiét
do lién tuc cua cac diém két ndi quan trong (thiét bi dong cit,
thanh c4i va két ndi cap) 1a cac cam bién phai chiu dugc cic
xung dién ap, con dugc goi 1a murc cach ly xung co ban. Do do,
can phai dam bao khoang cach tdi thiéu gitra cac ddy dan, cam
bién... dé tranh d4anh thung. Mot khé khin khéc 1a cip ngudn
cho cac cam bién dé han ché yéu cau bao tri thuong xuyén cac
thiét bi nay. Viéc sir dung cac hé thong giam sat nhiét do tiép
XUc truc tiép, chéng han nhu cdp nhiét dién va nhiét dién tro, 1a
rat kho khan vi ching d& bi nhiéu dién tir/nhiéu tan s6 vo tuyén
trong mi trudong dién ap cao. Vi véy, cac hé thong do khong
tiép xtc nhu cam bién soi quang, cam bién hong ngoai hodc
cam bién tiép xtic tryc tiép khong day thuong dugce st dung dé
giam sat nhiét do trong ta hop bo trung thé va ha thé.

Phuong phap thuong sir dung nhit dé do cac diém phat
nhiét 14 sir dung cac méy soi chiéu hong ngoai bang tay dé kiém
tra cac diém phat nhiét [2, 3]. Tuy nhién, phuong phap nay co
mot s6 nhuge diém nhu han ché vé s diém do, khong giam sat
duoc cac diém bi che khuat, khi dién ap qua cao hodc buc xa
nhiét qua manh co thé gdy hai cho nguoi kiém tra, viéc kiém
tra toan bo cac diém phat nhiét thuong xuyén kho co thé thyuc
hién. Ngoai ra, cac hé thong nay thudng dit tién va kho cai dat.

Trong mot $0 tram, cac diém phat nhiét dugc kiém tra béng
hé théng cam bién nhiét do soi quang [4, 5]. Céc cam bién duoc
gin chit vao cac vi tri diém néng va hoan toan mién nhidm voi
nhiéu dién tir hodc cac hién twong nhidu do chuyén mach dién
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Abstract:

This paper presents the research and design of a passive
thermal monitoring system using wireless temperature sensors
based on the principle of surface acoustic wave (SAW). The
monitoring system is employed on components that need to
be monitored for heat generation, including switch contacts,
busbars, and cable connections at switchgears or ring main
units (RMUs). The basic impulse insulation level (BIL), or
voltage spike tolerance, of the wireless SAW temperature
sensor utilised in this study, means that it is not necessary to
power it with sensors that meet the high criteria for equipment
installed in closed cabinets or medium voltage cabinets. The
research team’s activities in this study included software
development, data transmission design and manufacture,
and sensor selection. The system functions steadily, with a
temperature error of no more than 2°C, according to the test
findings under laboratory settings.

Keywords: passive surface acoustic temperature sensor,
switchgears, wireless and passive sensor.

Classification number: 2.2

ap cao gay ra. Tuy nhién, két ndi day rat phirc tap va sir dung
cap quang thi qua ton kém.

Dé giai quyét mot phan cac nhuge diém trén, trong nghién
ctru ndy, ching t6i dé xuat str dung cong nghé cam bién nhiét
d6 khong day thu dong dya trén nguyén 1y séng am bé mat
[6-9]. Chung t6i st dyng cam bién va mo-dun doc dit liéu cam
bién khong day thu dong thuong mai va tap trung vao thiét ke
bo thu thap, truyén dit ligu vé trung tam, xdy dung phan mém
theo ddi, giam sat cac thong so nhiét d¢ tra vé cua cam bién.
Cac thi nghiém duoc tién hanh trong phong thi nghiém véi cac
diéu kién thur nghiém vé thay doi nhiét do, thir nghiém trong
diéu kién hoat dong khi c6 dién ap cao cho théy hé théng hoat
dong 6n dinh, cam bién hoat dong dugc trong diéu kién dién ap
cao phil hop trong bai toan giam sat phat nhiét trong cac thiét
bi trung va cao ap trong ti hop bo, tu trung ap.
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2. Déi tuong va phuong phap nghién ciiu

) Y T {
L Lora Modbus RTU
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dir liéu
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Cam bien lép dattai
cac diém phat nhiét kin trong t

Hinh 1. So’ d6 khéi hé théng giam sat nhiét.

Nhom nghién ctru dé xuit mot mé hinh hé thong giam sat
nhiét tu kin sir dung cam bién khong day thu dong (hinh 1) gdm
3 thanh phan nhu sau:

2.1. Khéi cam bién

B0 6 cam bién SAW tiép xuc tryc tiép vao diém can do va
dugce bo tri bén trong tii kin, ti trung ap. Nguyén 1y cta cam
bién thu dong khong ddy dang song am bé mat duoc thé hién
& hinh 2. M6t sb nghién ciru cho thdy, song vo tuyén khong
day tir bo doc dit liéu duoc truyén dén cam bién thong qua
anten gan trén cam bién, sau d6 dua qua bo IDT (Inter-digital
transducer) [10, 11]. Dya trén tinh chat cua vt liéu ap dién,
dién ap giita cac chan IDT s& gay ra bién dang bé mit cia vat
liéu nén tao ra soéng 4m lan truyén trén bé mit. Cac séng lan
truyén tdi cac bo phan phan xa, mot phan song nay s& phan xa
theo hudng nguoc lai va lan truyén dén IDT. Tai day, cac tin
hiéu co bién d6i thanh tin hiéu dién va phat di qua anten. Cac
thiét bi doc s& can ctr vao thoi gian tré, su khac biét vé tan sb
hodc pha song RF phat ra va song RF phan xa trd vé dé tinh
toan ra gia tri do tra vé. Khi co sy thay ddi ciia nhiét do trén
cam bién, van tdc truyén song va do tré cua song phan xa sé
thay d6i [12, 13]. Phan tich trén mién thoi gian ctia dau doc s&
dua ra dugc gia tri nhiét d6 cua cam bién tra vé.

Séng RF
ngi Anten Bo phan xa
—>
Thiét bj 4\\\. { Z _/ /////
doc Y M
Séng phan U
xa IDT DEdp dlen

Hinh 2. So' d6 nguyén Iy cia cam bién thu dong khong day dang song
am be mat [10].

Cam bién SAW TSA EVO0! cua SENSeOR dugce chung t6i lya
chon str dung trong h¢ théng nay. Cam bién do duogc nhiét do do
tir -25 dén 150°C, dam béo twong thich truong dién tir IEC 62271,
chiu dugc dién 4p cao Ién dén trén 500 kV, mién nhiém véi xung
sét [14]. Mdi cam bién dugc thiét ké c6 tan s6 cong hudng khac
nhau trong dai tan s6 tir 430,60 dén 449,00 MHz.
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2.2. Bj thu thdp va truyén dir liéu
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}—‘ ; B0 phéan nay c6 chuc nang két noi voi moé-dun doc dir
liéu tir cam bién song am bé mat (HTR02-6AWS cua Hang
Vixily irung tim | yarr (| ) SENSeOR)‘thong qua chuan truyén thong RSA}SS, xu ly dir
(STM32F103) li¢u va truyén dit li¢u thu thap dugc vé phan mém trung tam.
Mo-dun dau doc dir liéu s€ gui tin hi€u RF da dugc dieéu ché
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bé truyén dir liéu vé server,
chung t6i st dung SIM7600
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Hinh 5. S db nguyén Iy khéi truyén thong 4G va dinh vi vé tinh. chirc ning duoc thiét ké.
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Hinh 6. So dd nguyén ly khéi truyén thong RS485.
2.3. Phin mém gidm sdt tdp trung trén mdy tinh

Phin mém gidm sat dugc phat trién trén hé thong server
lwu trir dit liéu, phan mém theo ddi trén cc nén tang website.
Phén mém c6 tinh nang hién thi dir liéu nhiét d¢ theo thoi gian
thyc cua ting diém do kém theo vi tri dat cam bién. Theo yéu
cau thuc té tai Tap doan Pién lyc Viét Nam, dua trén d§ chénh
nhi¢t AT=T, - T__(trong d6, T, 1 nhiét do diém do, T, la
nhiét do thap nhat tra v¢ clia cac cam bién), phan mém s€ dua
ra canh béo tinh trang cac diém ¢ bang 1 va cic hanh dong
khuyén cao kém theo. Bén canh do, ph?m mém con ¢6 chire
ning v& do thi theo thoi gian dé ngudi ding co thé phan tich
xu thé tang nhiét do va dua ra cac hanh dong bao tri, sua chira.

Bang 1. Danh gia do chénh léch nhiét do I&n nhat va dwa ra canh bao dbi
v&i céc vi tri giam sat nhiét & may bién ap.

s Khoa hoc Ky thuat va Céng nghé | Ky thuat dién, ky thuét dién td, ky thuat théng tin

Hinh 7. Hinh anh 3D (A) va hinh anh mach thu thap dir liéu sau khi gia
cong (B).

54 8 tram Théng s& diém do

TRAM CATS 01-CTY CBO TORMU 80 02-C.TY CEO

o v W |

| e |

LR

Hinh 8. Giao dién phan mém theo doi va giam sat nhiét do.

Pé tién hanh danh gia hoat dong cua cam bién va hé thong
thiét bi theo ddi nhiét do da ché tao, chung i thuc hién céc bai
thir nghiém mo phong tinh hudng sir dung thiét b trong thuc té
nhu sau:

Thit nghiém ddnh gid sai s6 nhiét dg ciia cam bién: Nghién clru
d4 tién hanh dit 6 cam bién nhiét 40 SAW trén tim nhom day déng
chét va dat trong tu gia nhi¢t Carbolite Gero AX 120. Dai nhiét do
¢ thé diéu chinh tir nhiét do phong dén 250°C, d6 6n dinh 0,5°C.
Mo hinh thir nghiém thé hién & hinh 9. Dé c6 thé danh gia chinh
xéc sai sb ciia cam bién, chung t6i sir dung dong hd do da ning
Keithly DMM6500 va cam bién RTD vdi sai s6 0,1°C dé 1am gia
tri tham chiéu. Tién hanh cai dat tu gia nhiét ¢ cac nhiét do 40, 80,
100 va 140°C, sau do ghi lai gi4 tri tir dong ho do nhiét chuén va
cac gid tri ciia cam bién.

Kétqua [)C] Tinhtrang Diém  Hanh djng
ATSS Tét 3 o ‘
Duy tri tan suat lay dir li¢u nhi¢t dg 30 phit/lan.
5<AT<I10 Kha 2
10<AT<15 Trungbinh 1 Dl{z} raAtm hle;'u car:h bao. Tang tan suat lay dir liéu
nhiét ¢ 5 phut 1 lan.
Pua ra tin hiéu canh béo xdu va yéu cdu sira chita
15<AT Xéu 0 bao dudng. Tang tan suét lay dir liéu nhiét do 1
phit/lan.
3. Két qua

Hinh 7 thé hién mach in thiét bi truyén di liéu va hinh anh
san pham sau khi thiét ké, gia cong va tich hop. Hinh 8 thé
hién giao dién phan mém theo ddi va gidm sat tai trung tam.
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Hinh 9. Thtr nghiém danh gia sai s6 nhiét do ctia cam bién.
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Bang 2 thé hién két qua thir nghiém danh gia sai s nhiét do cua
cam bién. Két qua cho thay, sai s nhiét d6 ctia cam bién 16n nhat
1a 2°C, phu hop voi cong bo clia nha san xuat.

Bang 2. Két qua nhiét do clia cam bién khi thay ddi nhiét do méi trwong.

Sai sb tuyt  Sai sb

Nudy - Niedy Nedy Nogedy Mhiedy Mhieap Nhieay o BE
uin(C) CBL - CBL BB OB B L g
3810 B ys w7 37 83 7 04 11
78,13 ®S TS T4 I WS WS 08 10
98, ®l 95 99 %1 %85 %84 1l 11
1364 B84 B6T BT B2 1317 1315 20 15

Thit nghiém hoat dgng ciia cam bién khi cé dién dp cao: Trong
thir nghiém nay, t dién duoc thiét ké sir dung céc thanh dong dé
dan dién ap cao tir by phat cao ap AC phenix 6CP120/50-7.5 va
hoat dong & ché a6 khong tai. Cac cam bién dugc gén 1én cac thanh
dong va cach nhau khoang 15 ¢cm (hinh 10). Trong nghién ctru nay,
dé dam bao an toan nhom sir dung bo phat cép dién ap vao theo
ngudng 10, 20 va 30 kV. Sau d6 doc gia tri nhiét do cua cac cam
bién thong qua phan mém da duoc thiét ké. Két qua duoc thé hién
¢ bang 3.

Dén hing ngow
l I (max 150°C)
i}
Angten Dimmer
o m— e—
2k

Hinh 10. M6 hinh thir nghiém danh gia hoat déng ctia cam bién trong moi
trwong dién ap cao.

Bang 3. Két qua ctia cam bién khi thay doi dién ap dat.

Difndp  Nhigtdy  Nhigtdg  Nhigedy  Nhigedy  Nhiéedp  Nhiéedy
V) CBICC) (CB2(C)  CB3(C)  CB4(C)  CBSCC)  CBO(CC)
100 251 250 250 49 251 252
200 %5 253 253 %) %1 %))
300 252 25 252 254 252 253

Tir két qua bang 3 co thé thiy, hé théng vin hoat dong 6n dinh
trong moi truong dién ap cao. Gia tri nhiét do tra vé clia cam bién
dao dong quanh ngudng 25°C. Trong thi nghiém nay, nghién ctu
khong tién hanh dit cam bién nhiét do chudn dé tham chiéu do thi
nghiém véi dién 4p cao nén viée lap dat cac cam bién chudn c6 day
khong dam bao an toan.

4. Két luan

Bii bao trinh bay vé nghién ctru, thiét ké hé thong giam st
nhiét khong ddy img dung trong tu phat nhiét kin va mot sb thir
nghiém trong diéu kién phong thi nghiém. Qua qua trinh thir
nghiém tai cac nhi¢t d§ khac nhau, cac cam bién SAW cho gia
tri chinh xdc vdi sai s6 nho hon +2°C. Két qua nghién ciru cho
thiy, khi duoc dit vao khong gian hep va khép kin cam bién hoat
dong rat ot va tra vé cac gia tri nhiét do vdi do dap ung nhanh. H¢
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théng hoat dong tot trong diéu kién dién ap cao, phu hop véi cac
ung dung giam sat nhiét do trong cac tu hop bg, tt RMU trung éap.
Trong thoi gian td1, chung toi s€ tap trung thir nghiém giam sat cac
diém phat nhiét tai thanh c4i, diém ddu ndi tai ti hop bd hodc ti
trung 4p dé danh gia hiéu qua ciia hé thong va tich hop thém céc
tinh nang theo ddi dong dién, dién ap aé xay dung bo dir liéu phuc
vu qué trinh quan Iy, van hanh h¢ thong.

LO1 CAM ON

Nghién ctru nay duoc tai trg boi dé tai cép B Khoa hoc
va Cong ngh¢ theo Hop dong s6 15/2021/HD-DTCB ky ngay
10/06/2021. Céc tac gia xin chan thanh cam on.
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Nguon phat cho may han siéu Am sit dung mang rung gom ap dién
img dung han trén chat liéu vai khong dét
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Tom tit:

Bai bao trinh bay viéc thiét ké va ché tao nguon phat cho may han siéu 4m sir dung mang rung gom ap dién wrng dung
han trén chét liéu vai khong dét. Mot mang rung siéu Aam (UVB) dwoc do dac khio sat cac thong so lam co sé cho
viéc ché tao b§ dao dong co khi cho diu han siéu 4&m (USTW). Nguon phat siéu am (USPG) dwoc ché tao bang cac
linh kién cao tan va linh kién cong suét dé ciAp ngudn dao dong dién cho UVB. Ngudn phat dao dong nay phai phu
hop voi USTW thi méi ¢ thé hoat dong voi hleu suét tdi da. Do anh hwéng cia qua trinh sén xuét va moi treong st
dung USTW, nén trong qua trinh hoat dong, tan sb cong huéng (f) sé bi thay déi. vi vay, USPG can phai theo doi
tin sb caa USTW ty dong. Viéc két hop tré khang cia USTW va USPG la rat quan trong dé co thé sir dung tbi da
cong suat USPG. Két qua ché tao cho thay, viéc sir dung ngoai vi dém thoi gian d¢ phan giii cao (HRTIM) aé tao tin
s6 diéu khién cho USPG dat d chinh xc cao véi sai s6 16n nhét 13 0,006% & 18401,12 Hz khi dwgc khio sit & dii
18-22 kHz. Cac thong s6 vé dd tré tin hiéu didu khién giira hai pha va d rong xung ciing cho két qua rit tbt. Mang
phdi hop tré khang (IM) ciing cho thiy khi ning khai thac tét USPG khi dwgrc so sanh véi USPG khéng sir dung IM.

Tir khéa: gbm ap dién, han siéu 4m, ngudn cho may han siéu am.

Chi s phén logi: 2.3

1. Dat van de yéu t6 quan trong nhét 13 kha nang theo doi tan s ciia USPG [11,
12]. Ngoai ra cac yeu to khac nhu: do phan giai cua tan so, hi¢u

suat truyén tai giita USPG va USTW ciing dong vai trd quan trong
trong mot thiét bi USPG.

Ky thuat chuyén dbi dién ning thanh dao dong bing song siéu
am duogc st dung rong rai trong nhiéu linh vuc khac nhau nhu xi
Iy nude [1, 2], y té [3], kiém tra vt lidu [4], dinh vi va huéng dan
[5], hinh anh quang 4m [6]...., mdt (ing dung pho bién str dung ky Nghién ciru nay trinh thiét ké cia mot thiét bi USPG, bao gom
thudt ndy 1a trong céc h¢ thong han siéu am. Han siéu am 1d mot b tao tan s6 bang HRTIM c6 d giai cao két hop véi mach khuéch
ky thudt noi nhanh, hi¢u qua va khong can chat bo sung. Moi ndi  dai cong suat sir dung cho khuéch dai dang song cép ngudn dao
duoc hinh thanh bang cach st dung néng luong siéu am d€ nong  dong cho USTW; IM duoc dit giita USPG va USTW dé t5i wu
chay cuc bg vét li¢u lién két, tao ra mot khdp noi bén va chdc chan.  higy sudt truyén tai; USPG duoc tich hop mét phuong phap kiém
Qua trinh nay phanh hon nhiéu so voi cac ky thuat noi khc, chang o4t tin s§ méi bing cach sir dung ngoai vi PWM (Pulse - width
han nhu han dién hogc han khi va khong yéu cau s dung cc vat o qylation) va cc Input capture trén vi diéu khién dé theo doi tan
liéu bo sung. Diéu nay dan dén giam chi phi va tang nang suat. Do~ 8 cong huong cia USTW mot cach chinh xéc.
vay trong nhiing nam gan day, k¥ thuat han bang cong nghé siéu ' )
am cho céc phan tir nhya, 14 kim loai méng va vai khong dét ¢ 2. Déi tugng va phueng phap nghién ciiu
phat trlen nhanh chong va dugc ung dung nhiéu trong cong nghlep

san xudt [7, 8]. Cac hé thong may han siéu 4m thudng c6 cong sudt LT e o
vai kW va hoat dong & tAn s6 20-70 kHz. Trong mot hé thén ¢ han gom ap di¢n va tré khang UTW (Unbalanced termination wave),

sidu 4m ngoai USPG va USTW thi con di kém véin6 1a cic hé co 10 tan 80 bang HRTIM, mach cong suat, IM va theo ddi tan so tu
khi, thity luc va hé théng didu dp, tuy nhién USPG va USTW van ~ d0ng. Cu thé, thong s6 khao sat vong gom ép dién va trg khang
14 thanh phan quan trong ciia hé thong méay han. Nghién ctru cua 1. dau do siéu am dugc do bang may do chuyén dung, trong khi bd
Jones (2013) [9] chi ra rang, trong hé thdng han siéu 4m thi USTW ~ khuéch dai cong suat va mang phoi hop duoc thiét ké voi linh
dugc coi 14 linh kién c6t 181 ciia cong nghé nay vi chiing dong vai  Kién ban dan cong suat 16n. Tan s6 mach diéu khién dugc 1ap trinh
trd chuyén doi nang luong dién tir USPG thanh céc rung dong co  thong qua vi xir Iy STM32, két hop véi cac mach xur Iy tin hiéu dé
hoc. Tuy nhién, trong céc nghién ctru khéc thi cho rang, USPG  theo ddi tan so cong huong cua dau do thong qua dg 1éch pha cua
1a thiét bi cdt 16i ctua hé thong han siéu 4m cong sudt cao [10] va  dién ap va dong dién.

Thiét ké nay gdm 5 phan chinh bao gdm: do dac khao sat vong

*Tac gia lién hé: Email: hieptv58@vnu.edu.vn
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Abstract:

This paper presents the design and manufacture
of ultrasonic emitters for welding machines using
piezoelectric ceramic materials for welding on non-
woven fabrics. The ultrasonic vibrating membrane
(UVB) used for the transducer is investigated to ensure
that there are no cracks in the material structure. These
parameters serve as the basis for evaluating the quality of
the ultrasonic vibrating membrane in the fabrication of
an oscillator for ultrasonic transducer welding (USTW).
The ultrasonic power generator (USPG) is made of
high-frequency components and power components to
supply electrical oscillations to the UVB. This vibrating
source must be compatible with the USTW to operate
at maximum efficiency. Due to the influence of the
manufacturing process and USTW usage environment,
after operating for a long time, the resonant frequency (f )
will be changed. Therefore, the USPG needs to monitor
the frequency of the USTW automatically. Matching the
impedance of USTW and USPG is very important to
get the most out of USPG power. The fabrication results
show that the use of high-resolution timer to generate
the control frequency for USPG achieves high accuracy,
with the largest error of 0.006% at 18401.12 Hz when
surveyed in the range of 18 to 22 kHz. The parameters of
control signal delay between two phases and pulse width
also give very good results. Impedance-matching (IM)
networks also show good exploitation of USPG when
compared to USPG without IM.

Keywords: piezoelectric ceramic,
generator, ultrasonic welding.

Classification number: 2.3

ultrasonic power
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2.1. Po dac khdo sit vong gém dp dién va tré khdng dau
do siéu dm

Dua trén két qua khao sat sy phu thudc cua tré khang vao tan
s0 clia vong gdm ap dién trén may Tegam Programmable LCR
Meter 3550 trong khoang 1-100 kHz (hinh 1A), nhan thdy rang,
tAm gém ap dién chi c6 mot diém cong & tan s6 33 kHz va khong
¢ bat ky diém cong huong nao khic, diéu nay cho thay thm gém
ap dién khong bi nut gdy bén trong cau tric va dat yéu cau de dung
cho viéc ldp rap vio UTW. Tir két qua do (hinh 1B), tin s cong
huong cua UTW dugc xéc dinh 1a £ ~19,905 kHz, tr¢ khang ~80
Q va gid tri dung tich C_ cua dau do duorc do ¢ tan s6 1 kHz 1a 10
nF, cac thong so cla UTW lam co s& dé tinh toan mach IM va cong
suét cia USPG.

A)
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Hinh 1. Két qua phan tich tinh chét tr& khang theo tan sé trén may do
TEGAM Programmable LCR Meter 3550. (A) Sy phu thudc cua tré khang
theo tan sb clia vong gém &p dién; (B) Sw phu thudc clia tré khang va géc léch
pha theo tan sb ctia UTW.

2.2. Tao tin sé bang HRTIM

T T T
19800 19850 19900

HRTIM la mot ngoai vi dém thoi gian cao d6 phan giai trong
mot s6 dong vi diéu khién STM32 cua STMicroelectronics. N6
dugc thiét ké dé cung cép cac tin hiéu PWM va cac tin hiéu
dém thoi gian khac, co do chinh xac va phéan giai cao.
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Dé tao tin hiéu tan sb bé“mg HRTIM, cin sir dung ché do Output
compare cua ngoai vi ndy. Output compare cho phép so sanh gia
tri dém cuia timer voi mot gia tri dinh trudc va sinh ra mot tin hiéu
PWM tuong tmg. Nguyén 1f tao tin s6 bing phuong phap nay
dwgc mo ta ¢ hinh 2, str dung céc gié tri CP, CP,, CP, dé tao ra
xung ¢6 do tré va dg rong xung khac. Gia tri dém (Counter - CNT)
trong HRTIM xéc dinh theo tan s6 (f) va ty 18 cong suét (duty) la:

_ HRTIM¢k | _ CNT x duty CNT

CNT T 00 0 T

;CP; = CP, + CP,

Do phan giai ciia phuong phap tao tan sb bang HRTIM theo
tinh toan 1y thuyét 1a 3x10-°xf-0,3442 véi f 14 tan s6 mong mudn,
nhu vy d6 phan giai ciia tan s trong khoang 18-22 kHz 14 0,3-0,5
Hz. Do str dung }hal}h ghi 732 bit va HRTIMCLK=1,152 GHz nén do
rong xung co thé diéu khién & do chinh xéc rat cao.

Do chinh xac cua tan so cia phuwong phap nay dugc kiém
nghiém cach do tin hi¢u tAn sb trén may hién song Agilent
DSO8064A.

CNT
TP
N\.cr2_ |
CP3]

UL

-+ LT
JYATATAY

L

A+B

ouT

Hinh 2. Minh hoa dang séng ctia phwong phap tao tan s6 bang HRTIM véi
CNT Ia chu ky dén ctia HRTIM. A va B 1a tin hiéu ra kénh A, B; A+B la dang
tin hiéu dau ra trén mach cau IGBT khi két hop 2 kénh diéu khién; OUT Ia dang
song qua mach IM.

2.3. Mach cong suit

Do thiét bi x4c dinh v6i mot loai dau do & tan sb ¢b dinh trong
dai nho va st dung phuong phap tao tan s bang HRTIM véi
tin s6 chuyén mach ¢ mirc trung binh. Mat khac, cac thanh phan
cam khang trong IM ¢6 thé gy ra dong dién ky sinh véi dién ap
cao, do vay cac IGBT dugc st dung dé lam thiét b chuyén mach
trong phan cong suat. IGBT v6i model 1a STGW40H120DF2 tir
STMicroelectronics dugc Iya chon trong thiét ké mach cong Suit.
Vi dién ap cho mach cong suat 1a 320 VDC, dong dinh cta IGBT
[=160 A, I, =8Q A (25°C)’th‘1 mf_ich cong suat 1a an toan cho cac
ung dung yéu cau cong suat nguon <2000 W.

Mach cong suat stt dung IGBT cau H duge diéu khién boi tin
hiéu dau ra cia MCU qua mach di€u khién. Céc yeu to can dugc
xem x¢ét trong thiét ké mach dieu khién cau H nhu sau:
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Diéu khién mira phia cao: Dicu khién nira cu thp dé hon vi
cuc phat (E) két ndi truc tiép voi GND. Tuy nhién, ¢ nua cau H
phia cao, E ctia IGBT bén cao két ndi voi cuc thu (C) ciia bén thap,
do d6 can tao nguon dién chénh giita G va E cia IGBT phia nira
cao, v6i gia tri 15£20 V dé dam bao IGBT c6 thé dong mé hiéu
qua.

Kiém sodt thoi gian tré: Néu mach khong c6 diéu khién thoi
gian tré, ¢6 thé xay ra hién tuong ngan mach giita phia cao va phia
thap cia mach cdu H. Khi xay ra hién twong nay, hai IGBT tro
thanh dan dién déng thoi, 1am tang dong dién va tao ra mot luong
16n nhi¢t gay hu hong cac IGBT.

Kiém sodt dong IGBT cho mach cau H: Tinh trang ndy thuong
xéy ra khi thiét bi dang hoat dong trong tinh trang qua tai hoac khi
xdy ra su ¢d trong mach dién. Néu khong ¢6 phwong phép kiém tra
va bdo v¢ khoi tinh trang qué dong dién, s€ gdy hu hong cac linh
kién trong mach va l[am hong dong co.

pé tang do an toan va tudi tho cho mach diéu khién cong suit,
hai bién 4p didu khién kénh d6i KCB 473-F18 tir BingZi duoc
str dung dé diéu khién mach cau H. KCB 473-F18 cho phép diéu
khién cong IGBT céch ly vé6i dién 4p cép cho mach cong suit, do
st dung kénh doi nguoc nhau nén thoi gian trd duoc kiém hoan
toan. Hai bién 4p didu khién kénh doi duoc diéu khién bing 4
mach tich hop chuyén dung MIC4420 tir Micrel.

(A)
2 3,4 1
Mach : : :
diéu Mach
khién

bao
bién vé
ap lai IGBT
IGBT

P

Hinh 3. Mach céng suét cta thiét bi. (A) So d6 khéi; (B) Mach cong suét.

Hinh 3B la mach cong suit sau khi da rap du linh kién. Mach
ndy bao gom céc thanh phan sau: 4 IGBT STGW40H120DF2 (vi
tri 1) dwoc han & mat day va két ndi voi tan nhiét; 2 bién ap lai
do6i KCB 473-F18 (vi tri 2); cam bién dong cua nguon dau ra (vi
tri 3); cam bién dong ctia nguon dau vao (vi tri 4); mach tich hop
MIC4420 (dugc dat & mat sau ciia mach).
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2.4. Mang phoi hop tré khing

Mach phéi hop tré khéng 1a mot van d& 16n trong thiét ké mach
tan s6 cao, nd lién quan dén viée két hop mot phan cua mach véi
phan khac dé dat dugc sy truyén ning luong ti da gitra hai phan
[13]. Cu thé trong truong hop nay la su truyen tai nang luong gifra
nguon va dau han, do vy giita hai thanh phan nay can c6 mot IM.

Rse Cse Lse
Co
[

Hinh 4. M6 hinh dién Butterworth-Van-Dyke (BVD) twong dwong clia dau
han & tin sé cong hwéng [14]. R, biéu thj cho sy mt mét trong dao dong
trong tinh thé; L, bléu thi cho dao dong cta gém ap dién; C, biéu thi cho do
dan héi cia thm gém; C, & nhanh tinh & dién dung ky sinh cta gom.

V6i mé hinh dién BVD tuong dwong cua dau han ¢ tan so
cong huong nhu hinh 4, ta c6 tré khang dau vao tuong duong cia
mach la:

_ — [RSE + j(XLSE - XCSE)] j(_XCo)
R e 10Xty —Xe) +1(e,) O
Voi:
R = Rse _ )

w?C2 R§E+ [u)C0 (mLSE - %SE) — 1]
(ot —ge) — o [Rg”(‘”f )| 3)
WSE) -1

Khi ddu rung siéu 4m xay hién tuong cong huong thi

® = 1//LseCsg, khi d6:

w2C3RE; + [wCo (wLsg -

_ Rsg

R= ®?C2R%; + 1 (4)
_ —wCoRg
T w2CER%; + 1 )

Hinh 5. M6 hinh IM loai L vé&i loc théng thap. UT: ultrasonic transducer - dau
do siéu am.

Pé dat duoc hiéu suét tmyén tai tot nhat thi tro khang cua
nguon phai bang tré khang cua tai, tuy nhién trong thyc té thi can
str dung mach IM (hinh 5). Do tr¢ khang ctia ngudn dugc sir dung
¢ day nho hon tré khang cla tai nén IM st dung ¢ day 1a loai L véi
loc thong thap [15] nén lya chon mirc cong sudt tdi da cia ngudn
122.000 W ta c6 R=52 Q.

Rgm—— RSB (6)
w?(Cy + Cp)zRéE +1
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(Co + Cp)REg
w?(Cy + Cp)?RE; + 1

Ls = (7)

Tir cac thong s6 C, va R, da do dugc, Iya chon gia tri R;=50
nF va L =280 uH. IM duorc danh gia dya trén mo hinh dién du’orc
b0 tri nhu: & hinh 6.

Ngudn
phat

Vonké |fe——m

Hinh 6. Cau hinh thir nghiém dao dong [16].

Két qua do tirmay LRC cho thy tan s6 cong huong cta dau do
trong md hinh nay 1a £=19974 kHz va goc 1éch pha 1a 23°.

2.5. Theo déi tan s6 tw djng

Dau do siéu 4m 1a mot hé thong thay doi phi tuyén theo thoi
gian. O tan s6 hoat dong khac nhau, sy khéac biét gitta cac dac tinh
tré khang va rung co hoc 1a rat 16n. Khi tan sb hoat dong bing véi
tin s6 cong hudng, dau do c6 ton thit dién nang thap nhit, bién
d¢ dao dong lon nhét va tan sd hoat dong t6t nhét. Vi vy, viéc lua
chon thdng s6 mach phéi hop phit hop ¢ ¥ nghia hét siic quan
trong [17].

Phuong phap theo ddi tan sb tw dong duoc thyc hién bang cach
ldy miu dinh cta dién ap va dong dién cap cho dau do két hop véi
goc léch pha cua dién ap va dong dién. Sau d6 dua vao két qua
tinh toan d¢ 1éch pha ma MCU diéu chinh tan s6 d4u ra va tim tan
s6 cong huong cua dau do (hinh 7, 8). Mot tin hiéu goc léch pha
gia 1ap tao ra bang may tao song da nang BK Precision - 4070 A
dugc sir dung dé danh gia kha ning phat hién chinh xac goc léch
pha giita dién 4p va dong dién, gié trj tinh toan duoc MCU truyén
ra bang UART.

T
Phan Piu
ap han
Cam
bién
dong

Hinh 7. M6 hinh ldy mau ctia dong dién va dién ap cho dau do.

>

aen 1>

Hinh 8. M6 hinh x Iy tin hiéu dong dién va dién ap dé tinh toan tin sé
cdng hwéng.

2]



(A)

(B)

Hinh 9. Hinh anh mach diéu khién va tao tan sé (A); mach IM cia USPG (B).

Hinh 9A cho théy, mach diéu khién va tao tan s6 sau khi da rap
linh kién. Mach nay bao gf”)m cac thanh phﬁn: mach dém va loc (vi
tri 1) st dung vi mach TLC2272; mach bt dinh tan sd cao (vi tri
2) sir dung 2 vi mach TLC2272; mach xtr 1y pha (vi tri 3) gdm 2
vi mach LM311 dung so sanh va vi mach XOR SN74LVC1G86;
mach phat hi¢n qua dong, qué ap (vi tri 4); MCU va RS485 (vi tri
5, 6). Hinh 9B cho thay, mach phéi hop tro khang (vi tri 1), mach
phan ap véi ty I€ dién ap vao trén dién ap ra la 1000:1 (vi tri 2) va
cam bién dong (vi tri 3).

3. Két qua va ban luan

Két qua phan tich do chinh xac cta phuong phép tao tan sb
bang HRTIM (hinh 10) cho thdy, ngoai vi nay c6 thé tao tin sd
voi d6 6n dinh va chinh x4c cao v6i sai s6 16n nhét trong phép thir
nghiém nay 1a 0,006% ¢ 18401,12 Hz. Két qua do ciing cho thay
& cac tan sb thap sai sd cta tan s6 ¢6 xu hudng cao hon khi phét ¢
tan s6 cao. Diéu nay c6 thé Iy giai do sai s6 ctia by xung dong trong
HRTIM, khi ¢ tan s6 thap HRTIM phai dém nhiéu gi4 tri hon nén
dan dén sai s6 liy ké.

KHOA
BCONGHI\?GCI:-IE

65(10DB) 10.2023
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22000 4 y=a+bx
Tan sé thue té do dugc
No Weighting
-153,86357 + 236,14672
1,00833 = 0,01201
8534,38192
099943

Equation
Plot
Weight
Intercept
Siope
Resicual Sum of Squares
Pearson's r

R-Square (COD)

Adj. R-Square

21500

21000
090887
0,996873

20500 H

20000

19500

Tén s6 the té do dwge (Hz)

19000 —

18500

18000 T T T T T T T 1
18000 18500 19000 19500 20000 20500 21000 21500 22000

Tén s6 phat trén thiét bi (Hz)

Hinh 10. Sai khac giira gia tri tan s phat trén thiét bj va gia tri tan sb do
dwerc trén may hién séng Agilent DSO8064A.

Theo nhu tinh toan 1y thuyét cho thiy, véi do phan giai 32 bit
ciia HRTIM thi viéc diéu khién cong sudt bang do rong xung co
thé dit chinh x4c rit cao cho nén céc gia tri tinh toan diéu khién do
rong xung gan nhu khép vai két qua do trén may (hinh 11). Yéu
t6 do léch pha giira hai kénh tin hiéu didu khién ciing duoc kiém
chimg, két qua cho thiy do léch nho nhat 13 179,9° va 16n nhit 1a
180,4°, viéc d¢ 1éch pha c6 sai 1éch co thé gay ra hién tuong doan
mach do thoi gian tré qué thap, do vay dé dam bao do tré cho thoi
gian dong ngit IGBT, thiét bi dugc gidi han & mirc <49%.

50 T T T T T
250
-

S e
3 =
& =

= s
s 30 Léch pha 2 E
= kénh digu [~ 200 g
< / khién 2
E - £
= 20 -]
gl] -~
D" o -
2 © rong 150 =
Y xung do =
<§- 104 dugc <§.
e \g
= 3

04
100
T T T T T

30

40

50

D rong xung trén thiét bi (%)

Hinh 11. Két qua kiém nghiém dd chinh xac trong viéc diéu khién do rong
xung cta HRTIM va sw én dinh clia géc léch pha gitva 2 kénh tin hiéu A va B.

Hinh 12. Sw phu thudc ctia goc léch pha theo tan sé khi quét trén thiét bi.
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Két qua quét tan s6 cong huong dua trén goc léch pha (hinh 12)
cho théy, thiét bi c6 thé tim duoc kha chinh x4c tan sd cong hudng
theo goc Iéch pha gid tri f tim dwoc bang thiét bi vao khoang
19902,5 Hz v6i goe 1éch pha 1a 3,6° khop voi gia tri f trong hinh
1. Gid tri f, dat 19928,7 Hz v6i goc 1éch pha 1a 9°, gia trl f thuong
khé xac dlnh hon do tré khang cua dau do tai diém nay vo cung
16n, do vay diém nay thudng duoc bo qua néu khong can tinh toan
cac thong s6 khac lién quan (hinh 13).

400 | i
j Co IM
350
300
250

200
Khéng cé IM

Dién ap (%)

150
100

50

T T T T 1
19650 19700 19750 19800 19850

Tén s (Hz)

Hinh 13. Sw khac biét giiva bién dé dién ap do dwoc trong cau hinh thi
nghiém dao dong khi str dung IM va khéng str dung IM.

T T
19550 19600

Céu hinh thtr nghiém dao dong dién co cla dau do cho théy, o
cung mot thong s0 cai dit cua thiét bi 1a do rong xung 40%, tan so
19-21 kHz thi ngudn phat véi mach c6 sir dung IM cho bién d6 dao
dong 16n so v6i khong st dung IM, diéu nay thé hién bang bién
do dién ap thu duoc trén ddu do tai ghép ndi dau do phat (hinh 6)
trong tinh chat co - dién. Tan s dinh khi sir dung IM ¢6 xu hudng
thay doi, diéu nay 1a do céc thong sd trong IM dugc tinh toan cho
UTW ma khéng phai m hinh nay dn dén su dich chuyén nay va
¢6 thé chua khai thac hét hiéu suét cua nguén [18].

Gia tri léch pha giira tin hiéu di¢n 4p va dong dién mé phong
14 0-60%, twong tmg vai goc léch 0-108° (hinh 14) cho thy ngoai
vi ¢6 thé doc do rong xung c6 gia tri 1-60%, véi sai s6 1on nhat 1
5,3% 6 1%, tuong (g voi 1,8° va sai s trung binh 1 1,1%.

120

Equatio y=a+b™x
Intercep 0,057+ 0,57142
0,99731+£0,009

100

Slope

[} s3]
o o
1 1

B
o
1

Gdc léch do dwge (%)

20

T T T T 1
0 20 40 60 80 100 120
Goc 1éch thwe té (%)

Hinh 14. Sai sb cua gia tri pha thwe té tao b&i may tao séng da niang BK
Precision - 4070 A va géc léch pha do dwgrc trén mach diéu khién.
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4. Két luan

Thiét bi nguyén miu duoc ché tao voi phuong phap tao tin
56 cho viée didu khién mach cong sudt bang HRTIM cho thay, do
chinh x4c 1a 0,006% trong dai 18-22 kHz, kha ning diéu khién tan
s va do rong xung dé dang. Két qua thir nghiém dao dong trén UST
cho th?iy tAm quan trong cua mang IM. Theo doi tan sb tu dong
bing cach ldy mau dinh cua dién 4p va dong dién cap cho dau do
két hop véi goc 1éch pha cua dién 4p va dong dién cho théy do on
dinh cao dé dang thuc hién. Tuy nhién, phuong phap nay van con
nhu’oc diém do t6i wu viée do goc lech & gan diém cong hudng c6
sai s6 kha cao 1én dén 5,3% va sai s6 trung binh 1a 1,1%.
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Cac phwong phap nang cao an toan cho robot cong tac ngwoi - may

Nguyén Vin Thuéng’, Tran Xuin Thinh, Giang Manh Khéi
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Tom tit:

Trong thoi gian gin ddy, cic nghién ctru vé robot di din chuyén hwéng tip trung vao nghién ctru cic dic diém cia sw hop
tac giira con ngudi va robot trong cic img dung san xuit cong nghi¢p, nham két hgp d9 chinh xic va sirc manh ciia robot
véi kha ning nhin thire va tinh linh hoat ctia con nguoi. Véi muc dich nay, mot thé hé robot méi, dwoc goi 1a robot cong
tac, hay cobots dwgc ra doi. Pic diém ciia cobots 1 lam viée cdng tic cung con nguoi ma khong c6 rao chin vat 1y, do dé
tinh an toan cda con ngudi luon duge dat 1én hang dau. Trong bai bao nay, cac tac gia trinh bay tong quan cac phuong
phap ning cao an toan cho robot cfng tic ngwoi - may, dong thoi dé xuat mot sb hwéng phat trién trong twong lai, nham

khong nhirng dim bdo sw an toan ma con ning cao hi¢u suit 1am viéc ciia cobots.

Tir khéa: an toan, cobots, cong tac, robot canh tay, robot cong nghiép.

Chi sé phin loai: 2.3

Research on methods of improving safety

for collaborative robot

Van Thuong Nguyen®, Xuan Thinh Tran,
Manh Khoi Giang

National Center for Technological Progress,
25 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietham

Received 23 June 2023; revised 19 July 2023; accepted 21 July 2023
Abstract:

Recently, robotics research has gradually shifted its
focus to studying the characteristics of human-robot
cooperation in industrial production applications in
order to combine the precision and power of robots with
human perception and flexibility. For this purpose, a new
generation of robots, known as collaborative robots, or
cobots, was born. The characteristic of cobots is to work
collaboratively with humans without physical barriers,
so human safety is always a top priority. In the scope of
this research, the authors provide a synthesis of methods
to improve safety for collaborative robots. Then, the
authors suggest some future development directions
in order to not only ensure safety but also improve the
working efficiency of cobots.

Keywords: arm robot, cobots, collaborative, industrial
robot, safety.

Classification number: 2.3
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1. Dt van de

Trong nhing nim trudc, robot chu yéu duge hinh thanh
dé 1am viéc mot minh trong moi truong c6 céu trac cao,
thay thé con nguoi thyc hién cac hoat dong lap di lap lai,
nguy hiém hoidc doi héi do chinh xac cao. Trong bdi canh
nhu vy, robot hoat dong tach biét khoi con ngudi bang cac
hang rao an toan. Tuy nhién, mat han ché ctia robot 13 thiéu
tinh linh hoat va kha nang thich ing gidng nhu con nguoi.
Do d6 trong thoi gian gan day, cac nghién ciru vé robot da
dan chuyén hudng tap trung vao nghién ctru cac dic diém
ctia sw hop tac gitra con nguoi va robot trong cac ung dung
san xudt cong nghiép, nham két hop d6 chinh xac va sirc
manh cua robot v&i kha nang nhén thirc va tinh linh hoat
cua con nguoi. Trong moi trudong lam viéc nay, con nguoi
¢6 thé 1am viéc song song vai cac robot trong khoang cach
gan, ma khong bi giam di sy an toan hodc hiéu qua [1]. Vi
muc dich nay, mdt thé hé robot méi, dugc goi la robot cong
tac, hay cobots dugc ra doi. Cobots duoc thiét ké khong
nhét thiét dé nang cao ky nang cua nguoi diéu hanh hay thay
thé con nguoi, ma la dé tap trung vao cac hoat dong lap di
lap lai, nham gitip ngudi diéu hanh co thé tap trung vao cac
nhiém vu kho.

Do dic tinh chia sé¢ khong gian lam viéc chung, khi
nghién ctru va phat trién cobots, su an toan cua con ngudi
phai 1a yéu té dugc xem xét dau tién. Robot phai co phan
ung khi co6 vt thé la, hodc va cham véi vat thé, con nguoi
trong qua trinh lam viéc. Bén canh do, khong gian lam viéc
clia robot phai dwoc giam sat. Phan tng c6 thé & cac mirc
d6 khac nhau tiry vao h¢ théng va yéu cau 1am vige. Ve mat
an toan, can canh bao bang am thanh va anh sang bao dong
va dimg robot. Cac hé thong tién tién hon c6 thé cung cap
tinh ning diéu khién tuan thu - diéu chinh chuyén dong bang
cach day né theo cung hudng voi hudng cua lyc tac dong.
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Hién nay, mot trong nhitng tinh nang dang dugc quan tam
nhiéu nhét d6 14 loai bo toan bd va cham ma van dat hiéu
quéa lam viéc bang cach diéu chinh quy dao chuyén dong.
Trong bai bao nay, chiung t6i dua ra khao sat cac phuong
phap dam bao an toan cho robot cdng tac nguoi - may, tu
d6 dé xuat mot s hudng phat trién nghién ciru trong twong
lai, nhdm khong nhitng dam bao su an toan ma con ning cao
hiéu suét 1am viéc cua cobots [1].

2. Cac phuong phap nang cao an toan cho cohots

Trong cac ting dung cobots, tinh an toan luén duoc dat
1én hang dau. Do d6, cac cong bd nghién ciru vé tinh an toan
cling chiém s6 luong 16n trong cac cong trinh nghién ctru vé
cobots noi chung. Cac phwong phép chinh dé nang cao tinh
an toan cho cobots bao gdm: phwong phap tranh va cham,
phat hién va cham va hoach dinh chuyén dong.

2.1. Tranh va cham

Céac bién phap an toan dya vao viéc tranh va cham chu
yéu dua trén cac thudt toan dy doan trudc y dinh cia con
ngudi, véi cac phuong phap tiép can: hoc may; st dung cac
cam bién; giam sat toc do va khoang cach; gi6i han cong
sudt va liuc cho phép cobots dirng hoic stra dbi quy dao cua
no trude khi va cham.

2.1.1. Phirong phép hoc mdy: Viéc dy doan cac chuyén
dong cua con ngudi ¢ kha nang dan dén va cham c6 thé
dat duoc bﬁng cac k¥ thuat dya trén hoc tap, vi du st dung
mang no-ron (Neural network - NNs), mang no-ron tun
hoan (Recurrent neural network - RNNs). X. Yu va cs
(2019) [2] d& xuat mot mo hinh hoc may hoan chinh cho an
toan cobots, trong do viéc hoc ctia robot khong chi dugc ap
dung cho nhan biét y dinh chuyén dong cua con ngudi ma
con cho nhén biét tré khang cua con nguoi, dugc udc tinh
theo thoi gian thuc bang phuong phap RBFNNs va phuong
phap binh phuwong nhé nhét, twong tng. Trong nghién ctru
ngay, cac tac gia da gioi thiéu mot phuong phap hoc sir dung
RNNs nhim muc dich du doan chuyén dong cua tat ca cac
tac nhan trong mot khong gian lam vi¢e nhét dinh. Hiéu suét
cia mo hinh hoc da dugc danh gia 1a co thé ngan chin va
cham va 1ap ké hoach hanh dong cho robot mét cach chinh
xac hon so voi cac phuong phap khac [2]. Mot ky thuét khac
dé du doan chuyén dong ciia con ngudi trong day chuyén
san xuat, két hop giita RNNs va mo hinh dong hoc ngugc
duogc gioi thiéu boi R. Liu va cs (2021) [3]. Trong dé xuét
nay, mot mo hinh duoc st dung dé dy doan chuyén dong
cta ¢ tay, trong khi mot mé hinh khac duge mé rong dé
dy doan cho ca canh tay. Trong nghién cuu ctua H. Liu va
cs (2021) [4] da dé xudt mot phuong phap dya trén nhan
thirc ngit canh, két hop gitta mot mo-dun cam bién va cham
va mot thuat toan hiéu chinh cam bién. Mot thuat toan hoc
méy sau d6 dugc trién khai dé xac dinh tu thé cia nguoi van
hanh trong qua trinh lap rap.
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2.1.2. Sir dung cam bién: Trong k§ thuat nay, cac hé thong
diéu khién da cam bién duoc sir dung dé tranh va cham bé'mg
cach phat hién sy hién dién cua con nguoi va danh gia trong
thoi gian thuc khoang cach giita robot va di tuong trong
khong gian lam viéc. S.A. Hovhannisyan va cs (2022) [5]
da dé xuat mot phuong phap diéu khién dé tranh vat can
tinh va dong trong thoi gian thuce sir dung cam bién tiém can
loai kép dugc phat trién dé danh gia khoang cach. Mot so do
hoach dinh quy dao va phuong phap luc 4o ciing dugc cac
tac gia trinh bay dé kiém chimg thyc nghiém. N. Nikolakis
va cs (2019) [6] trinh bay dé xuét tap trung vao hé thong vat
ly mang (Cyber - physical system - CPS). Theo d6, hé thong
diéu khién vong kin, dya trén su gin giii gitra con nguoi va
robot dugc trién khai dé cho phép danh gid do an toan va
dam bao tranh va cham. Cac cam bién quang hoc ciing dwoc
dura vao trong hé thong CPS dé giam sat khong gian lam viéc
va danh gi4 khodng céch giira con ngudi va robot.

2.1.3. Giam sat toc @6 va khoang cach: Z. Liu va cs
(2020) [7] da dé xudt mot phuong phap danh gia rai ro dong
nham giam thiéu n6 bang cach s dung thudt toan suy giam
do déc. F. Ferraguti Va cs (2020a) [8] dé xuit mot thudt toan
dleu khién dua trén t6i wu hoa, trong d6 su khac biét giita gia
toc dau vao va lénh diéu khién dwoc giam thiéu.

2.14. Gioi hgn cong suat va lue: Gia tbe va van toe
con nguoi co thé duogc tinh bang mot ngan hang cac bo loc
Kalman. Trong F. F‘erragqti va cs (2020b) [9] da cung cap
mdt phuong phép dicu khién hoat dong nhu mot b loc, nham
gid1 han cong suat va luc cua robot khi an toan bi de doa.

2.2. Phat hién va cham

Doi khi tiép xtc voi ddi tugng khéc 1a bit bude trong cac
nhiém vu cua cobots. Do do, cac phuong phap phat hién va

cham dya tren hoc mdy, cam blen va toi wu hoa phi tuyén
dugc phat trién dé dap Gmg nhu cau nay.

2.2.1. Phuong phdp hoc mdy: Ciing giéng nhu phwong
phép tranh va cham, trong phat hién va cham, cac ky thuéat
sir dung hoc may ciing dugc su dung nhiéu nhat. Y.J. Heo
vacs (2019) [10] da dé xuat mot phuong phap duya trén cach
tiép can hoc sau, c6 kha ning gidm sat va nhan ra bat ky va
cham nao. Mot mang no-ron phirc hop dugce st dung dé dat
dugc ca do nhay cao ddi véi va cham va do nhay thép ddi
v6i canh béo sai. K.M. Park va cs (2021) [11] thiét ké hai
phuong phap phat hién va cham dya trén may vecto hd trg
(Support vector machine - SVM) va mang no-ron tich chap
(Convolutional neural network - CNNs). Cac phép do dong
dién cua dong co cung véi md hinh dong hoc cua robot va
bd quan sat dong luong bat budc duoc thuc hién dé phat
hién cac ngudng va cham, tir d6 diéu chinh thu cong cho
mbi khép robot.

2.2.2. Swr dung cam bién: E. Mariotti va cs (2019) [12]
da dé xuat sir dung mot cam bien lyc/mo-men xoan (F/T)
6D ¢ bd hi€u tng cuoi cung véi thong tin dong hoc dau vao.
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Tinh nang phat hién luc cta cam bién nay giup ngan ngua
va cham ngiu nhién va tranh céac tiép xtc ngoai y mudn
trong qua trinh chuyén dong cua robot. Bé phat hién cac
diém tiép xtic trén robot va danh gia cac lyuc tiép xuc duge
trao doi, E. Magrini va cs (2017) [13] d4 trién khai mot thuat
toan xur 1y db hoa song song (GPU) theo ddi trong thoi gian
thuc khoang cach dong gitra robot va cac chuong ngai vat di
chuyén trong méi truong.

2.2.3. Toi wu hod phi tuyén: Khic voi céc cach tiép can
trén, phuong phap tiép can phat hién va cham duya trén toi
uu hoa phi tuyén c6 rang budc [14], trong do6 viéc thay d01
tbc do cua robot duge xay dung bang cach sir dung chi s6
nguy hiém va thuat toan di truyén ma hoa téi wu (ERGA)
dugc su dung dé dam bao an toan cho nguoi van hanh.

2.3. Hoach dinh chuyén dong

Trong cac ung dung cong tac, hoach dinh quy dao cho
phép giam thiéu rii ro ¢6 thé xay ra v6i ngudi didu hanh.
Hoach dinh chuyén dong cho cobots c6 thé duoc phét trién
dua trén cac phuong phap tiép can nhu hoc may, téi wu hoa
phi tuyén, hay diéu khién tuan thu.

2.3.1. T6i wu héa phi tuyén: Hau hét cac cong viée lién
quan dén viéc 1ap quy dao déu nhu mot van d& ti wu hoa co
gi6i han, trong khi d6, cac yéu cau vé an toan ISO phai dugc
tuan thii dé dam bao sy an toan trong san xuét. A. Oleinikov
va cs (2021) [15] d& xuat cach tiép can diéu khién du bao
mo hinh phi tuyén dé 1ap ké hoach thoi gian thuc duya trén
cac dic ta giam sat toe d6 va khoang cach cho cac tmg dung
cong nghi¢p. Trong C. Sloth va cs (2018) [16] trinh bay mét
phuong phap tinh toan van tdc quy dao an toan theo cac yéu
cau ISO/TS 15066 dé tranh va cham giita ngucn va robot,
bang cach tdi uu hoa mot da thirc 1ién quan dén vat thé tinh
két hop véi tim kiém theo duong cho cic co thé chuyén
dong.

2.3.2. Hoc may: M. Costanzo va cs (2021) [17] da trinh
bay mot ¥ twong dua trén giam sat toc do va khoang céch.
Cu thé, an toan thong qua du doan dugc Kkét hop v6i an toan
thong qua kiém soat bang cach két hop theo doi khoang
cach va du doan hanh dong ctia con nguoi voi cac khu vuce
an toan va giam sat toc do dé tranh va cham c6 thé xay
ra. Céc tac gia da trién khai mang CNN két hop thong tin
vé khong gian va nhiét dé phat hién con ngudi va phuong
phap tiép can logic md nang cao dé mé rong tdc do robot
bang cach theo ddi khoang cach ngudi - robot trong thoi
gian thuc. Hoach dinh quy dao thoi gian tdi thiéu duoc trinh
bay boi A. Palleschi va cs (2021) [18], trong d6 an toan
duge dam bao bang cach st dung md-dun an toan va mo-
dun danh gi4 an toan. O mdi chu ky hoat dong, cac chuyén
dong tdc do cao duoc khdi phuc ngay sau khi van dé an toan
duoc giai quyét.
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2.3.3. Piéu khién tuan thi: D& thay thé cho céc phuong
phap tlep can toi wu hoa, B. Maric va cs (2020) [19] da dé
xuit mot phuwong phap luan dé chuyén truc tlep kinh nghiém
clia con ngudi sang robot thong qua hé théng didu khién
hop tac dua trén kiém soat tuan thu dong luc hoc chuyén
tiép (FDCC). M6 hinh nay duoc thiét ké dé khai thac kinh
nghiém cta ngudi van hanh, sau d6 ap dung dé lap quy dao
cho robot. Tuong tu, X. Zhao va cs (2021) [20] dé xuat
mot phuong phap dua trén hoc tap cing ¢ (Reinforcement
learning - RL) v6i mot cong cu ude tinh nguy co dé can
bang giira viéc bam quy dao va theo ddi chuyén dong cua
con nguoi.

3. Huéng phat trién trong nghién ciiu nang cao an toan va
hiéu gua cho cohots

Dé tong hop vé xu hudng nghién ctru cobots trong nhiing
nam qua, S. Proia va cs (2022) [1] dua ra biéu d6 phan tich
56 luong cac cong trinh nghién ctru da dugc cong bb lién
quan dén cac linh vuc chinh: an toan, hiéu qua va ndi dung
khac (hinh 1).

$6 cong trinh
20

e A todn =s= Khic =& = Hiéu qui

s

2016

207 2018 2019 2020 2021 Nam

Hinh 1. Xu hwéng cac cong trinh nghién ciru vé cobots tir ndm 2015.

Tir biéu d6 hinh 1 ¢6 thé thiy dugc van dé an toan ngay
tir dau da dugc quan tim dau tién, ting manh trong giai doan
2019-2020 va 6n dinh trong giai doan 2020-2021, diéu nay
cho thay viée tim kiém mot giai phap cobots an toan tiép tuc
1a nhu cau chinh trong nganh cong nghiép sb.

Trong nhiing ndm qua, ) lugng cobots trong san Xudt
d3 tang 1én theo cAp sb nhan trén toan thé gioi dé ddi pho
v6i su thay dbi cua thi trudng. Muyc dich co ban ciia nganh
cong nghiép s 1a dat duge ddng thoi chét luong cao va thoi
gian ngin nhét, d chinh xac va tinh linh hoat trong cong
nghiép. Do d6, s6 lwong cong trinh nghién ctru lién quan
dén d6 hiéu qua ciing tang dang ké va dat mirc cao nhit vao
nam 2020.

Pé xac dinh phuong phap tiép can nao phd bién trong
nhung nam qua, S. Pr01a vacs (2022) [1] cling duwa ra mot biéu

d6 khac lién quan dén sé lu’ong cac cong trinh nghién ctru dai
dién cho céc phuong phap tiép can khac nhau (hinh 2).
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Hinh 2. S6 Iwgng cong trinh nghién ciru lién quan dén cac phwong phap
tiép can khac nhau trong giai doan 2015-2021.

Tir biéu dd hinh 2 c6 thé thdy rang, viéc thiét ké cac bo
diéu khién t6i uu chiém wu thé 16n cho ca hai linh vuc an
toan va hiéu qua. Néu chi nhin vao khia canh an toan, cac
van dé t6i vu hoach dinh chuyén dong duoc uu tién dé phan
g v6i nhimg thay d6i dot ngot ciia moi truong va tranh
thuong tich cho nguoi van hanh. Cac k¥ thuat phat hién
va tranh va cham ciing chiém s6 lugng 16n, tuy nhién cac
hudng tiép can nay chi giai quyét dugc van dé an toan ma
khong dat vao bai toan hiéu qua.

Mot van d& can luu y trong cude khao sat cia S. Proia va
cs (2022) [1] 14 chi c6 mot s6 lwong nho cac bai bao nham
muc dich t6i wu hoa nhidu myc tiéu thong qua cac phuong
phép tiép can & trén. Cu thé, chi c6 gan 10 cong trinh nghién
ctru duge xay dung dé dam bao ca hai mat an toan va hiéu
qua. Do do, trong bi canh cong nghiép hién nay, cac nghién
ctru can thiét phai dap ung giai quyét ca hai myc tiéu ciing
mot lac. Céc ky thuat can vira dam bao sy an toan cho nguoi
van hanh, ma van dat hiéu suit lam viéc tot.

Trong xu thé hién nay, dé hop tac cung nhau, con nguoi
va robot cin co chung nhan quan vé moi truong lam viée
ctia ho. Piéu nay yéu cau mot cach thiét yéu rang cobots
can ¢6 mot hé théng kiém soat dua vao cong cu va ky thuat
nhu cam bién, tu téng hop va phéan tich dir liéu, hoc sau,
kha nang ra quyét dinh, thuc thi va tdi uvu hoa cac nhiém vu
chung mét cach an toan, hiéu qua. Vi sy phat trién gan day
vé cong nghé do luong ldy cam hing tir sinh hoc da gitp cac
cam bién co gia thanh thép hon, nhe, cling nhu dé str dung
trén robot. Cac phuong phap dua trén cam bién ciing dugc
sir dung nhiéu trong cic nhiém vu cong tac nhan su. 4 loai
cam bién khac nhau (dya trén am thanh, cam (ng, thi giac
va khoang cach) thuong dugc trién khai trong cac hé thong
robot ma gan ddy chung thudng dugc két hop véi thuc té do
dé giam tinh toan cua diéu khién va lam cho giao dién truc
quan hon, dé doc hon béi nhitng ngudi dung khong phai 1a
chuyén gia.

Duya vao nhitng phan tich ké trén, c6 thé thdy cac phuong
phap tiép can nham gitp cai thién khong chi tinh an toan ma
con lam ting hiéu suat ciia cong tic con ngudi - robot s& con
dugc phat trién trong thoi gian téi. Hon nita, sy phd bién va
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hd trg manh mé tir cac cam bién (am thanh, thi giac, khoang
cach) s€ 1a cong cu dac luc d¢ tim ra cac giai phap mai cho
nganh cong nghiép so.

Mot hudng tiép can nghién ciu phd bién trong nhimng
nam tro lai day 1a hoach dinh quy dao chuyén dong cua
robot trong méi truong cé thé thay ddi. Hai vin dé phd
bién trong hudng tiép can nay d6 la kha ning nhan biét
moi truong va dap ung cua robot. Mot mat, can phai nhan
biét day du chudng ngai vat c6 thé co cia mdi trudong xung
quanh va nguy co va cham cua chung. Néu khong cé su
nhin nhan dung din vé cac vat thé rii ro c6 thé xay ra hodc ¥
dinh di chuyén cua ching, robot s& khé c¢6 thé phan ung day
du voi nhitng thay ddi ciia méi truong. Hai 13, viée tinh toan
dung thoi gian va chinh xac cac vi tri chudng ngai vat phu
thudc vao kha ning tinh toan ctia hé thong ghi nhan sy thay
d6i moi trudng. Cac hé thdng nay thuong dua trén may anh
3D hogc cam bién pham vi phai chup va xu Iy cang nhanh
cang tét. Do do, strc manh tinh toan cua cac hé thdng nhan
dang la mot yeu t6 quan trong cuia cac nd luc phan g tranh
va cham. Bét ky that bai hodc cham tré nao déu c6 thé dan
dén mot tinh hudng rui ro. Viée biét chinh xac moi truong
va nhing thay ddi clia ching déu tré nén vo nghia trir khi
hé thdng phan hdi diing luc. Tuy thudc vao rai ro cho phép,
tinh hu6ng va cau hinh cua robot, cac phan mg nhanh hon
s& duoc yéu ciu.

Dé cho phép cac thuat toan diéu khién tranh va cham cho
cac hé thong san xudt cong nghiép, thoi gian xir 1y dir lidu
theo y€u cau cua img dung va do chinh xac yéu cdu cua ting
dung phai duoc can bang. Néu khong, hé thong s& khong
thé phan tng trong thodi gian thuc véi nhiing thay ddi bat
ngd trong mdi trudong xung quanh ctia robot, dan dén cac
tinh huéng ma sy an toan cua nguoi van hanh bi xam pham.
Do d6, mot nghién ciru vé phuong phéap hoach dinh chuyén
dong tranh va cham dap tng thoi gian thyuc 1a rat quan trong
trong thoi diém nay. Két qua ciia nghién ctru khong chi nang
cao kha ning an toan, ma con lam ting hiéu suit lam viéc
cua moi truong cong tac.

Trong nghién ciru sép t6i, ndi dung nghién ctru vé ning
cao tinh hi€u qua va an toan cho robot cdng tac su dung
phuong phap hoach dinh quy dao dong dap tmg thoi gian
thuc dua trén thi gidc may hoc s€ duoc trién khai. Muc tiéu
clia nghién ciru nay 1a nang cao dong thoi ca tinh hi¢u qua
va an toan cho cobots, str dung phuong phéap hoach dinh quy
dao dong vdi sy trg gitp cua cac cam bién thi giac. Véi kha
nang dap ng thay d6i ciia moi trudng trong thoi gian thyc,
két qua nghién ctu du klen s€ mang lai mot giai phap phu
hop cho céc cobots thuc té trong san xuat hién nay.

4. Két luan

Trong sén xuat cong nghé cao ngay nay, cong tac ngudi
- may dugc sir dung dé ting nang suét, tinh linh hoat va kha
nang sinh 1oi. Thoi gian san xuét c6 thé dugc giam gan mot
ntra khi su dung cobots thay vi chi st dung cong nhan. Do



do, can thiét dé phat trién nhitng nghién ctru nham khong
chi dam bao sy an toan ma con nang cao hi¢u suit lam viéc
cho robot. N6i dung nghién ctru nay trinh bay tong quan cac
phuong phép nang cao an toan cho robot cong tac nguoi -
may, tir d6 dua ra huéng nghién ciru phat trién tiém ning
trong thoi gian tdi.

LO1 CAM ON

Nghién ctru nay duogc ho trg mot phan boi de tai nghlen
ciru img dung va phét trién cong nghé¢ cap qudc gia giai
doan 2021-2024: “Nghién ctru, thiét ké, ché tao, tich hop
thiét bi robot cit kim loai st dung btrc xa fiber laser”. Nhom
tac gia xin tran trong cam on.

TAI LIEU THAM KHAO

[1]S. Proia, R. Carli, G. Cavone (2022), “Control techniques for safe,
ergonomic, and efficient human-robot collaboration in the digital industry:
A survey”, IEEE Transactions on Automation Science and Engineering,
19(3), pp.1798-1819, DOI: 10.1109/TASE.2021.3131011.

[2] X. Yu, W. He, C. Xue, et al. (2019), “Adaptive neural admittance
control for collision avoidance in human-robot collaborative tasks”,
Int. Conf. Intell. Robots Syst., 2, pp.7574-7579, DOIL: 10.1109/
TIROS40897.2019.8967720.

[3]R. Liu, C. Liu (2021), “Human motion prediction using adaptable
recurrent neural networks and inverse kinematics”, IEEE Control Syst.
Lett., 5(5), pp.1651-1656, DOI: 10.1109/LCSYS.2020.3042609.

[4] H. Liu, L. Wang (2021), “Collision-free human-robot collaboration
based on context awareness”, Robotics and Computer - Integrated
Manufacturing, 67, DOI: 10.1016/j.rcim.2020.101997.

[5] S.A. Hovhannisyan, H.A. Gasparyan, S.S. Agaian, et al. (2022),
“AED-Net: A single image dehazing”, IEEE Access, 10, pp.12465-12474,
DOI: 10.1109/ACCESS.2022.3144402.

[6] N. Nikolakis, V. Maratos, S. Makris (2019), “A cyber physical
system (CPS) approach for safe human-robot collaboration in a shared
workplace”, Robotics and Computer-Integrated Manufacturing, 56(3),
pp.233-243, DOI: 10.1016/j.rcim.2018.10.003.

[7] Z. Liu, X. Wang, Y. Cai, et al. (2020), “Dynamic risk assessment
and active response strategy for industrial human-robot collaboration”,
Comput. Ind. Eng., 141, DOI: 10.1016/j.c1e.2020.106302.

[8] F. Ferraguti, C.T. Landi, S. Costi, et al. (2020a), “Safety barrier
functions and multi-camera tracking for human-robot shared environment”,
Robot. Auton. Syst., 124, DOI: 10.1016/j.robot.2019.103388.

KHOA
&CONGHI\?GCI:-IE

65(10DB) 10.2023

s Khoa hoc Ky thuét va Céng nghé | Ky thudt co khi, ché tao may

[9] F. Ferraguti, M. Bertuletti, C.T. Landi, et al. (2020b), “A control
barrier function approach for maximizing performance while fulfilling
to ISO/TS 15066 regulations”, IEEE Robot. Autom. Lett., 5(4), pp.5921-
5928, DOI: 10.1109/LRA.2020.3010494.

[10] Y.J. Heo, D. Kim, W. Lee, et al. (2019), “Collision detection for
industrial collaborative robots: A deep learning approach”, IEEE Robot.
Autom. Lett., 4(2), pp.740-746, DOI: 10.1109/LRA.2019.2893400.

[11] K.M. Park, J. Kim, J. Park, et al. (2021), “Learning-based real-
time detection of robot collisions without joint torque sensors”, /EEE
Robot. Autom. Lett., 6(1), pp.103-110, DOT: 10.1109/LRA.2020.3033269.

[12] E. Mariotti, E. Magrini, A.D. Luca (2019), “Admittance control
for human-robot interaction using an industrial robot equipped with a F/T
sensor”, 2019 Int. Conf. Robot. Automat., pp.6130-6136, DOI: 10.1109/
ICRA.2019.8793657.

[13] E. Magrini, A.D. Luca (2017), “Human-robot coexistence and
contact handling with redundant robots”, Proc. IEEE/RSJ Int. Conf. Intell.
Robots Syst., pp.4611-4617, DOI: 10.1109/IROS.2017.8206331.

[14] C.C. Chan, C. Tsai (2020), “Collision-free speed alteration
strategy for human safety in human-robot coexistence environments”,
IEEE Access, 8, pp.80120-80133, DOI: 10.1109/ACCESS.2020.2988654.

[15] A. Oleinikov, S. Kusdavletov, A. Shintemirov, et al. (2021),
“Safety-aware nonlinear model predictive control for physical human-
robot interaction”, I[EEE Robot. Autom. Lett., 6(3), pp.5665-5672, DOI:
10.1109/LRA.2021.308358]1.

[16] C. Sloth, H.G. Petersen (2018), “Computation of safe path
velocity for collaborative robots”, Proc. IEEE/RSJ Int. Conf. Intell.
Robots Syst., 5(1), pp.6142-6148, DOI: 10.1109/IROS.2018.8594217.

[17] M. Costanzo, G.D. Maria, G. Lettera (2021), “A multimodal
approach to human safety in collaborative robotic workcells”, IEEE Trans.
Autom. Sci. Eng., 19(2), pp.1-15, DOI: 10.1109/TASE.2020.3043286.

[18] A. Palleschi, M. Hamad, S. Abdolshah, et al. (2021), “Fast and
safe trajectory planning: Solving the cobot performance/safety trade-off
in human-robot shared environments”, I[EEE Robot. Autom. Lett., 6(3),
pp.5445-5452, DOI: 10.1109/LRA.2021.3076968.

[19] B. Maric, A. Mutka, M. Orsag (2020), “Collaborative human-
robot framework for delicate sanding of complex shape surfaces”,
IEEE Robot. Autom. Lett., 5(2), pp.2848-2855, DOI: 10.1109/
LRA.2020.2969951.

[20] X. Zhao, T. Fan, Y. Li, et al. (2021), “An efficient and responsive
robot motion controller for safe human-robot collaboration”, IEEE Robot.
Autom. Lett., 6(3), pp.6068-6075, DOI: 10.1109/LRA.2021.3088091.

34



DOI: 10.31276/VIST.65(10DB).35-41 Khoa hoc Ky thuat va Céng nghé | Ky thuat hoa hoc =

61 ru mt s yéu t0 anh g dén quy trinh thu nhdn hop chat tannin
0 hoat tinh khang vi khuan Vibrio parahaemolyticus tir 14 cay bang (Terminalia catappa L.

Lé Thi Huyén", Trwong Minh Ngoc!, HO Viét Thé%, Nguyén B4 Tho', Nguyén Thi Lién’

1Chi nhanh Vién Ung dung Cong nghé tai TP H6 Chi Minh, 3664 Trirong Chinh, phwong 13, qudn Tan Binh, TP Ho Chi Minh, Viét Nam
2Trieong Pai hoc Cong Thwong TP Hé Chi Minh, 140 Lé Trong Tén, phieong Tdy Thanh, qudn Tan Phii, TP H6 Chi Minh, Viét Nam

Ngay nhan bai 4/7/2023; ngay chuyén phan bién 7/7/2023; ngay nhan phan bién 18/7/2023; ngay chip nhén dang 21/7/2023

Tém tit:

Céiy bang (Terminalia catappa L.) 13 mdt cAy thude quan trong trong y hoc din gian dé dleu tri cac triéu chirng roi
loan tiéu héa va cdc tinh trang viém nhiém. Loal cay nay chira nhiéu thanh phan thiét yeu vé mat y hoc, dac biét 1a
nhom tannin. Nghién citu nay danh gia mét 50 yéu t6 anh hlr(mg den qua trinh chiét xuét tannin trong 1a cay bang
v6i s hd tro ciia phwong phap dap wng bé mit (RSM). Cac yéu té dwoc sir dung dé danh gi 1a nong do dung m01,
ty 1€ dung méi:nguyén liéu (DM:NL) (v/w) va thoi gian ngam chlet (gi0). Két qua cho thiy, ham lwong tannin tong
(TTC) cao nhit 1a 1,54 mg TAE/g nguyén liéu, cic diéu kién toi wu dwogc xic dinh nhu sau: Ethanol (EtOH) 54%,
ty 18 DM:NL la 41:1 (v/w) vé6i thoi gian ngidm chiét 1a 2 gio. Cac gia tri thwe nghiém (TTC=1,54+0,02 mg TAE/g
nguyén liéu) cho théy sy phu hop tot véi gia tri du doan (TTC=1,54 mg TAE/g nguyén liéu). Thi nghiém danh gia
hoat tinh khang khuén cho thay loai cao thu dugc qua chiét xuat t01 wu tir la cay bang ¢6 kha nang khang vi khuén
Vibrio parahaemolyticus. Két qua ciia nghién ciru nay c6 thé tao tién dé cho viéc san Xuit cac hop chit loai dworc liéu

c6 thanh phan tannin tir 1a bang cling nhw nang cao gia tri sir dung cia loai cay trong pho bién nay.

Tir khéa: dap ing bé mit, tannin, Terminalia catappa L., Vibrio parahaemolyticus.

Chi s6 phén loai: 2.4

1. Dt van deé

Trong 40 nim qua, nganh nudi trong thuy san tom cua
chau A bi anh hudng bdi cac dot dich bénh, dic biét la
bénh hoai tir gan tuy cdp (Acute hepatopancreatic necrosis
disease - AHPND), dan dén thiét hai dang ké vé thu nhap
qudc dan [1], gdy thiét hai 43 ty USD cho nganh nudi tom
trén toan cau [2]. Tac nhan giy bénh chinh cuia AHPND
14 V. parahaemolyticus [3-5]. Nhom Vibrio dwoc biét nhu
la tac nhan chinh giy ngd doc thuc phdm trong cac san
pham thuy hai san tuoi sdng chau A. Khang khang sinh ¢ V.
parahaemolyticus d3 dugc cong nhan 1a mbi de doa nghiém
trong ddi voi an toan thuc pham [6]. V. parahaemolyticus 1a
tac nhan gay bénh viém da day rudt cap tinh & nguoi [7], chu
yéu sau khi tiéu thy hai san song, niu chua chin hodc xir Iy
sai [8]. Do nhiling déc tinh gdy doc nay, V. parahaemolyticus
trg thanh mot trong nhing d6i trong da va dang dugc quan
tam trong cac nghién ctru, véi muc dich kiém soat vi khuan
gdy bénh bang cach tim vat liéu khang khuén méi.

Thyc vat 1a nguon nguyen lidu tiém nang va phong phu
dé nghién ctru tim cac hoat chat khang khuan méi. C nhiéu
loai thuc vat khac nhau da dugc chung minh c6 nhiéu hop
chit v6i cac hoat tinh sinh hoc khac nhau duoc g dung
trong y hoc, dac biét 1a y hoc dan gian st dung cac cay
thudc chira hoat chat co tinh khang khuan [9]. Ciy bang
thudoc ho Combretraceae dugc tim théy 0 cac vung nhiét
d6i ctia chau A, chau Phi va chau Pai Duong. Trong chiét

*Tac gia lién hé: Email: lethihuyen0404@gmail.com
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xuét tr 14 cta cay bang c6 chua 3,20% alkaloid, 11,66%
saponin, glycoside cyanogenic 7,84%, flavonoid 10,49%,
tannin 1,24% va phenol 0,80% [10]. Tannin trong 14 cay
bang c6 2 nhém Ia tannin thiy phan va khong thuy phén,
tannin thily phan dugc tng dung nhiéu trong khang 6xy hoa
va khang khuan [11]. Dich chiét tir 14 bang c6 kha ning tiéu
diét dugc vi khuan V. parahemolyticus [12]. Nong do t6i
thiéu cua dich chiét 1a cay bang c6 thé tic ché sy phat trién
ctia vi khuan ¥, harveyi 1a 1,56% va ndng d6 ti thiéu c6 kha
nang tiéu diét 1a 3,12% [13].

Ham luong TTC trong qua trinh ly trich c¢6 thé bi anh
huéng boi nhidu yéu t6 khac nhau. Cy thé nhu dung moi
ngam chiét, thoi gian ngam chiét va ty 16 DM:NL dugc xem
1a nhirng yéu t6 chinh anh huong dén TTC. Phuong phap
pho bién nhat 1a tlep can “timg ycu t6 mot”. Phu’(mg phap
ndy dua trén viéc 6 dinh tat ca cac tham sb ngoai trir mot
bién doc 1ap c6 anh huong riéng dén cac thanh phan moi
truong va didu kién, cach tiép can nay 1a dé dang va don
gian. Mat khéac, né ton thoi gian va su tuong tac giita cac
yéu td khac nhau c6 thé bi bo qua, do do6 co hoi dat dugc
murc t6i wu thyc sy 1a rit kho xay ra [14, 15]. Phuong phap
RSM c6 thé khic phuc nhing kho khin nay, vi no cho phép
tinh toan cdc tdc dong tuong tac co thé co gitra cac bién
[16]. Néu dugce str dung day du, cong cu manh m& nay c6
thé cung cdp cac diéu kién tbi uu gitp cai thién quy trinh
[17]. Chung hiéu qua hon cach tiép can “timg yéu t6 mot”
trong viéc sang loc cac twong tac giita cac bién khac nhau va
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Abstract:

Terminalia catappa L. (so-called Bang in Vietnamese) is
considered an important medicinal plant in folk medicine for
the treatment of digestive disorders and other inflammatory
conditions. This plant contains several medicinally essential
components, especially the tannin group. This study evaluated a
number of factors affecting tannin extraction from the leaves of
sea almond tree with the help of response surface methodology
(RSM). The factors used to evaluate are solvent concentration,
solvent:material ratio (v/w) and soaking time (hours).
Research results show that the highest total tannin content
(TTC) is 1.54 mg GAE/g raw material, the optimal conditions
are determined as follows: ethanol 54%, solvent:material
ratio (S:MR) is 41:1 (v/w) and soaking time 2 hours. The
experimental values (TTC=1.54+0.02 mg TAE/g raw material)
show good agreement with the predicted value (TTC=1.54 mg
TAE/g raw material). Experiments evaluating antibacterial
activity show that the optimal extract of sea almond tree leaves
has the ability to resist Vibrio parahaemolyticus bacteria. The
results of this study could pave the way for the mass production
of medicinal compounds containing tannins from sea almond
tree leaves and improve the usage value of this popular plant.

Keywords: response surface methodology, tannin, Terminalia
catappa L., Vibrio parahaemolyticus.

Classification number: 2.4

mo ta vai trd tuong tac cta timg thanh phan trong quy trinh.
Trong RSM, thiét ké Box-Behnken 1a mot trong nhitng mo
hinh pho bién nhit dé xac dinh cac diéu kién t6i vu. Box-
Behnken 12 mot mé hinh rat hiéu qua vi yéu cau s lan chay
nho. Pay 1a mot giai phap thay thé quan trong dé tranh cac
thi nghiém t6n thoi gian.

Trén co s& d6, nghién ctru nay dugc thuc hién nhiam ap
dung phuong phap RSM dé t6i wu hoa quy trinh thu nhan
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hop chét tannin tir 1a cdy bang, v6i muc tiéu xac dinh duge
diéu kién chiét xuét tannin mot cach toi wu cac thong sd
cong nghé nhu: noéng d6 dung moi, ty 16 DM:NL, thoi
gian chiét xuat. Panh gia dugc kha nang khang vi khuan
V. parahaemolyticus gy bénh trong thity san cia cao chiét
gidu tannin cua 1a cdy bang, gop phan nang cao gia tri cay
bang tng dung trong linh vuc thiy san hién nay.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit liéu

La cay bang duoc thu tai khuon vién Chi nhanh Vién
Ung dung Cong nghé tai TP H5 Chi Minh. L4 banh té cta
cdy bang dugc thu hai vao mua hé (khoang thang 4 dén
thang 5), 14 trén cay sau khi thu hai vé duoc rira sach, sau
d6 cat nho va sy & 55°C cho dén khi khéi lugng khong thay
d6i. Tiép do, 14 cdy bang dugc nghién va riy dé dat kich
thudc <2 mm.

Chung vi khuan V. parahaemolyticus dugc cung cap boi
Phong Thi nghiém Coéng nghé Sinh hoc thugc Chi nhanh
Vién Ung dung Cong nghé tai TP H6 Chi Minh. Vi khuin
dugc bao quan & diéu kién -80°C, sau d6 hoat hoa trén moi
truong Thiosulfate Citrate Bile Sucrose (TCBS) ¢ diéu kién
khoang 25°C trudce khi st dung cho cac thi nghiém.

2.2. Phwong phap nghién ciru

2.2.1. Xdc dinh dnh hidng cia cdc yéu té dén ham heong
tannin:

Xac dinh loai dung méi chiét tach tannin thich hop: Bot
14 cay bang dugc ngam chiét 1an lugt trong cac dung mai
methanol 50% (M50), EtOH 50% (E50) va nudc voi ty 1€
DM:NL la 20:1 (v/w) trong thoi gian 4 gio' 6 nhiét do phong.
Sau do, dich chiét dugc tién hanh loc qua gidy loc va xac
dinh ham lugng tannin.

Xac dinh nong d6 dung méi ly trich thich hop: Bot 1a
cay bang dugc ly trich véi loai dung méi dugc chon ¢ thi
nghiém trén véi nong d6 dung mai 30, 50, 70 va 90%. Ty 1é
DM:NL 1a 10:1 (v/w), ngdm trong thoi gian 4 gio ¢ nhiét do
phong. Sau d6, dich chiét duoc tién hanh loc qua gidy loc va
xac dinh ham luong.

Xac dinh ty 1¢ DM:NL thich hop: B0t 14 cay bang ngam
chiét voi ndng d6 dung mai thich hop xac dinh duge & thi
nghiém trén voi ty 1€ DM:NL lan Iuot 10:1, 15:1, 20:1, 25:1,
30:1, 35:1, 40:1 va 45:1 (v/w) ngam trong 4 gio ¢ nhiét do
phong. Sau d6, dich chiét duoc tién hanh loc qua gidy loc va
xac dinh ham luong tannin.

Xac dinh thoi gian chiét tach thich hop: Bot 14 cdy bang
ngam chiét véi nong do dung moi va ty 16 DM:NL thich
hop da duoc xac dinh ¢ cac thi nghiém trén ¢ nhiét d¢ 30°C
trong thoi gian chiét tach 1an luot 14 2, 4, 6, 8, 12, 24 va 48
gi0. Sau do, dich chiét dugce tién hanh loc qua giéy loc va
x4c dinh ham lugng tannin.



2.2.2. Xac dinh diéu kién chiét tach toi wu tannin: Dua
trén két qua khao sat anh huong cua cac yéu to don dén
ham lugng tannin, cac yéu td don ¢ anh huong duge chon
dé xay dung quy trinh tach chiét t5i wu hoa. Thi nghiém t6i
wu hoa qué trinh ly trich tannin tir 14 cdy bang duoc bd tri
theo kiéu mo hinh Box-Behnken. M6 hinh bao gém 15 thi
nghiém, trong do6 gia tri bién cua 3 yéu té dugc lya chon t6i
wu 1a ndng d6 dung maéi (A), ty 1¢ DM:NL (B) va thoi gian
ngam (C) dugc thé hién ¢ bang 1.

Bang 1. Ma héa cac yéu té khao sat.

Cic gia tri dugc ma hoa

Yéu té Ky hi¢u . p ,
Nong d6 EtOH (%) A 30 50 70
Ty 18 DM:NL (v/w) B 35:1 40:1 45:1
Thoi gian ngam chiét (gio) C 1 2 3

Céc thi nghiém dugc b tri hoan toan ngau nhién voi 15
thi nghiém, trong d6 co6 3 thi nghi¢m ¢ tam.

2.2.3. Phuwong phap dinh luong TTC: Xay dung duong
chuén acid tannic (dung dich acid tannic chuan 0,1 mg/ml):
hoa tan 25 mg acid tannic trong 25 ml nudc rdi pha lodng
tiép v6i nude thanh dung dich theo ty 1€ 1:10. Thuc hién
trong diéu kién tranh 4nh sang. Dung dich chi pha khi dung.
Sau do6 pha thanh cac ddy néng d6 0,1, 0,2, 0,3, 0,4 va 0,5 ml.
Ung v6i mdi ndng d6 dung dich duoc thuce hlen theo bang 2.

Bang 2. Cong thirc dwdng chuan tannin.

Dung dich acid tannic

Ong nghiém 0,1 mg/ml) Nudéc cAt (ml)
Déi chimg 0,00 2,5
1 0,1 2,4
2 0,2 23
3 0,3 22
4 0,4 2,1
5 0,5 2,0

Tiép theo, bd sung 1,25 ml thude thir Folin-ciocalte va
6,25 ml dung dich natri carbonat 20% (TT), lac déu dé yén
& nhiét do phong trong 60 phut. Po d6 hap thu cua phirc
mau ¢ budc song 725 nm. Gia tri hép thu dugc ghi nhan dé
duong chuan duoc su dung cho viéc xac dinh ham lugng
tannin trong cac mau dich chiét. Cac mau dich chiét dugc
tién hanh twong tu voi acid tannic chuan. Ham lugng tannin
dugc xac dinh theo phuong phap Folin-Denis dya trén mo
ta cua W.S. Laitonjam va cs (2013) [18]. Ham luong tannin
duogc tinh theo cong thirc sau:

axVxK
1000 x m X (1 —w)

T=

trong d6: T 1a ham luong tannin tong (mg/g vét lidu kho); a
1a gia tri x tir dwdng chuan véi tannic acid (ug/ml); V 1a thé
tich dung dich trich (ml); K 14 d6 pha loang; m 14 khdi lugng
bot 14 bang (g); w 1a d6 4m ciia bot 14 bang.
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2.24. Khao sat kha ndang khing vi khudn V.
parahaemolyticus: Sau khi da xac dinh duoc diéu kién chiét
xuét cao chiét chira ham lugng tannin t&i wu (ndng d6 dung
moi, ty 16 DM:NL, thoi gian ngam), cac diéu kién nay s&
duogc ap dung trong qua trinh ly trich cao tdi wu 14 cdy bang.
Hoat tinh khéng khuén cta cao chiét dugc thuc hién trén
chung vi khuéan V. Parahaemolyticus.

2.2.5. Xac dinh kha ndang khang vi khudn V.
parahaemolyticus cia cao chiét t6i wu ld cdy bang: Kha
nang khang vi khuan V. parahaemolyticus cia cao chiét 1a
cay bang giau ham lugng tannin dugc xac dinh dya trén sy
hinh thanh vong khang khudn xung quanh giéng thach nho
cao chiét, dua trén mo ta cia N.T.H. Nhi (2020) [19]. Dich
vi khuan véi mét s6 106 CFU/ml dugc trai déu trén bé mit
dia thach Luria Bertani (LB) véi thé tich dich khuén 1a 100
ul. Cac dia petri chira vi khuan duge duc 16 tao giéng thach
¢6 dudng kinh 7 mm, sau d6, 50 pl dich chiét tbi uu la cay
bang ¢ cic nong do khac nhau dugc nho vao mdi giéng.
Puong kinh vong khang vi khuan duoc do bang thudc do
don vi mm (khong bao gdm dudng kinh giéng thach 7 mm),
sau 24 gi® 1 mau & nhiét d6 30°C.

2.3. Xur Iy va phan tich sé liéu

Céc thi nghiém duoc 1ap lai 3 lan, két qua dugc trinh
bay dudi dang trung binh £ gia tri do léch phuong sai
(mean=SD). Két qua thi nghiém dugc xtr 1y bang phin mém
Statgraphics Centurion XVII phan tich thong ké s6 liéu thi
nghiém va phan tich phuong sai ANOVA (p<0,05) danh gia
su khac biét giita cac nghiém thirc. Thiét ké thi nghiém va
xtr Iy két qua RSM theo mé hinh Box-Behnken bang phan
mém Statgraphics Centurion XVII.

£ 2 ~ ~ ~
3. Két qua va ban luan

3.1. Xdc dinh dnh hwong ciia cic yéu t6 dén ham
lwong tannin

Do hoa tan ciia tannin c6 thé thay doi, vi vay tily thudc
vao hop chat muyc tiéu, cac dung méi co do phan cuc twong
ddi khac nhau co thé duge chon, chéng han nhu nudc,
EtOH, axeton hodc metanol. Tannin ¢6 dac c6 do hoa tan
han ché trong dung maéi hitu co phén cyc, trong khi nudc
hodc EtOH 1a dung méi thudng duoc sit dung dé chiét xut
tannin thuy phan [11]. Lua chon dugc loai dung mdi phu
hop s& gitp ting hiéu qua dong thoi giam chi phi va thoi
gian tach chiét. Két qua hinh 1 cho thiy ham lugng tannin
ctia dung moi EtOH 1a cao nhét (0,64 mg TAE/g nguyén
liéu), ham luong tannin cia dung moi nudc 13 thap nhat
(0,55 mg TAE/g nguyén liéu). Su khac biét vé& ham luong
tannin ¢ cac loai dung moi khac nhau c6 y nghia théng ké
voi do tin cay 95%. Két qua lya chon dung méi cho théy,
EtOH cho kha ning tach chiét hop chit c6 ham lugng tannin
cao nhit trong cac loai dung moéi trong khao sat, vi viy dung
moi EtOH duogc Iya chon cho nghién ctru tiép theo.

31



s Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc

0,66
0,64
0,62

0,6
0,58
0,56
0,54
0,52

0,5

0,64¢

0,59°

0,55°

Nudce

Ham lwgng tannin (TTC)

E50
Dung moéi
B TTC (mg TAE/g nguyén li¢u)

M50

Hinh 1. Anh hwéng cua Ioal dung méi dén ham Iwcvng tannin.
ab.e: cac ky tw khac nhau thé hién sw khac biét c6 y nghiia thdng ké p<0,05.

I.S. Che Sulaiman va cs (2017) [20] cho rang, viée ph01
tron EtOH véi nude ¢6 thé 1am ting hiéu sut ly trich cac
hop chét thién nhién. Trong nghién ctru ndy, dung moi
EtOH da dugc pha loang dé tao cac méi truong dung moi
¢6 do phan cuc khac nhau voi muc dich tim ra dugc néng
d6 EtOH thich hop cho qua trinh chiét xuét tannin tir 14 cay
bang. Didu nay co thé giai thich rang, viéc ting ham lugng
nudc trong hé dung méi gy ra hién tuong truong nd ¢ thue
vat dan dén ting tlep xuc gitra cac té bao thuc vat va dung
moi, do d6 gop phén ting nang suat tach chiét. Két t qua khao
sat nong d6 dung mdi trugc trinh bay ¢ hinh 2. Két qua cho
thiy, v6i ndng &6 EtOH 50% cho ham lugng tannin cao nhat
v6i ham lugng 0,64 mg TAE/g nguyén li¢u, sau d6 giam
dan qua cac nong d6 EtOH 70 va 90%. Theo N. Medina-
Torres va cs (2017) [21], dung m6i hitu co tinh khlet nhu
¢dn cao d6 c6 thé 1am bién tinh protein & thanh té bao, gay
kho khin cho viéc khuéch tan cac hop chat vao trong dung
moi, hon hop dung mdi c¢dn - nude s& thich hop hon cho
viée chiét xuat, ca nhimng hop chit phan cuc 1dn khong phan
cuc. Trong khao sat nay, ndng d6 EtOH 50% duoc chon 1am
thong sb c¢b dinh cho cac thi nghiém tiép theo.

08 0,64c
S 064
g
= 063
£ o062
S 061
w O
s 00 0 592 o 592
= 059
g
S 058
0.57

0,56
E50
Nong do dung moi
B TTC (mg TAE/g nguyén liéu)

Hinh 2. Anh hwéng cla nong d6 dung méi dén ham lwong tannin.
ab.c: cac ky tw khac nhau thé hién sy khac biét co y nghia thdng ké p<0,05.

Ty 16 DM:NL ¢6 lién quan dén van dé dién tich tiép xuc
cuia vat liéu va dung méi, vi thé s& anh hudng dén viéc chiét
xuét tannin. Pdng thoi xac dinh dugc ty 18 phu hop s& giup
tiét kiém dwoc nguyén liéu va chi phi dung méi st dung.
Tir két qua cua hinh 3 nhan thiy, ham luong tannin cia ty

&éla?\lpé NGHE 65(10DB) 10.2023

18 40:1 1a cao nhat véi chi s6 1a 1,45 mg TAE/g nguyén liéu,
sau d6 ham luong tannin trong dich chiét giam dan khi tang
ty 1& DM:NL lén 45:1 véi chi s6 1,42 mg TAE/g nguyen
lidu, ham luong tannin cta 10:1 13 thap nhét voi chi s0 la
0,43 mg TAE/g nguyén liéu. Piéu nay ching minh rang, khi
bot 14 cdy bang dugc phan tan hoan toan trong ty 1€ dung
mdi cao do dién tich tiép xuc 16n s& ting cuong qua trinh
trich ly. Tuy nhién, khi thé tich dung méi ting lién tuc va
dién tich tiép xuc dat td1 mtrc bao hoa sé lam cho lugng TTC
thu dwoc khong thay doi nhiéu [22]. Khi chiét tannin tir 14
cay bang, ty 1€ DM:NL 40:1 thu dugc ham lugng cao nhit
nén dugc chon dé lam thong s6 c6 dinh cho cac thi nghiém
tiép theo.

1,6

1,450 1,42¢
o 14
g . 1,18¢
g 7 1,04¢
=
§ 1 0,894
%‘j 0.8 0.66°
= 06 . 05
E 0,43
£ 04
0.2
0
125 1:30  1:35 1:40 1:45
Ty 1é DM:NL

B TTC (mg TAE/g nguyén liéu)

Hinh 3. Anh hwéng cua ty 18 DM:NL dén ham Iweng tannin.
abcdefah cacky tw khac nhau thé hién sw khéc biét cé y nghia thong ké p<0,05.
Thoi gian ngdm chiét anh huong dén qua trinh phan huy
ctia cac hop chat tu nhién khi sir dung thoi gian qua dai,
chinh vi thé can luya chon thoi gian thich hop cho qua trinh
thu nhan tannin tir 14 cAy bang. Két qua hinh 4 cho thiy, thoi
gian ngdm 2 gio cho ham luong tannin cao nhat véi chi sb
la 1,453 mg TAE/g nguyén liu, thoi gian ngam 48 gio 1a
thip nhat v6i chi sé 1a 1,285 mg TAE/g nguyén liéu. Didu
nay phan anh riang cac hop chét di dugc trich ly hét sau 2
gio ngam. Ham luong tannin thu dugc ¢ thoi diém 2 gio ké
tir khi ngam chiét c6 chi s6 cao nhét nén dugc lam thong s6
cb dinh cho cac thi nghiém tiép theo.

1,500
1,450
1,400

14534 14480 1 4450
1.369¢
1,350
1308 1,308

| | | I I I 1
2 4 6

Thoi gian ngam chiét

1,300

Ham lerng tannin (TTC)

1,250

1,200
® Tannin (mg TAE/g nguyén liéu)

Hinh 4. Anh hwéng cua thoi gian ngam chiét dén ham lweng tannin.
ab.e.d: cac ky tw khac nhau thé hién sw khac biét c6 ¥ nghia théng ké p<0,05.
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3.2, Két qud xdc dinh diéu ki¢n chiét tach téi wu tannin ~ Bang 4. Phan tich phuong sai cho mé hinh thyc nghigm cda tannin.

Sau khi thyc hién cac khao sat anh huong cua cac yéu td Tongbinh  Hésé  Trung binh

‘ . 2 Ngudn . f-value p-value
dén ham lugng tannin chiét tich tir 14 ciy bang da thu nhin phuong twdo  binh phuong
dugc cac gia tri toi wu clia timg yéu t0. Dya vao két qua trén,  A:néngdodumgmoi 0002521 1 0,002521 Si¢ 0019
tién hanh b6 trf thi nghiém i wu hoa qua trinh chiét tich  B:iylg DMNL 0051040 1 0,051040 104164 0,001
tannin bang phuong phap RSM v6i 3 yeu to lanong do dung . ioi gianngam 0000078 1 0,000078 159 034
mdi, ty 1¢ DM:NL va thoi gian ngdm. Nong d¢ EtOH duoc 0.010967 i 0.010967 w8 000
chon tur 30 dén 70%, ty 1¢ DM:NL tir 35:1 dén 45:1 (v/iw)
e A X S . AB 0001056 1 0,001056 21,56 0,043
va thoi gian ngam tu 1 dén 3 gio. Ham lugng tannin thu
dugc tur thuc nghiém theo mé hinh Box-Behnken, tién hanh A€ 0,000020 ! 0,000020 041 0,586
phan tich két qua dé chon ra ndng do téi wu cua cac yéuté6 B 0126028 1 0,126028 2572,00 0,000
tac dong dén sy trich ly tannin. Két qua thuc nghiém va gia  Bc 0006561 1 0,006561 13390 0007
tri du doan tor mo hinh Box-Behnken cua cac nghiém thuc I 0,051194 1 0,051194 1044,78 0,001
duge the hién ¢ bang 3. Lack-of-fi 0001524 3 0,000508 1037 0,089
Bang 3. M hinh bé tri thi nghiém va ham lwong tannin chiét tich dwoc  pyre error 0,000098 ) 0,000049
tie 1a cay bang. i
Tong s6 0,232784 14
U Ham lwong tannin - nd A o\ Rt A . P , N
z,g.'yhciém Diéu kién = TAﬁ/ggnguyén i A:nong do EtAOH (f»), B: tvy ] DAM.NI: (v/iw); C: thoi g|a7n tr|ﬂch ly (g|0).’
A% Bom  C@id) Thue nghiém Dur dodn ) an trén két qua phan tich ANOVA ¢ bang 4, cac tham
o - e ) 1427 1408 $0 hoi quy béc 1 va béc 2 déu c6 p<0,05 cho thﬁy phuong
- o 45 : L336 308 trinh hdi quy c6 y nghia vé mét thong ké G.d(f) tin cay 95%.
T3 B 0 ; 30 L33 Két qua phan tich cho thay, ham luong tannin thu nhén dugc
! ! bi anh huong boi cac yéu to bac 1 1a ndng do EtOH (A) va
NT# 0 3 ! 1206 LIo4 ty 1€ DM:NL (B), chiu anh hudng cua cac yéu t6 bac 2 bao
NS %0 40 3 1348 1,338 gdm ty 1& ndng d6 EtOH (A2), ty 1¢ DM:NL (B?) va thoi gian
NT6 50 3 3 1116 1107 ngam chiét (C?). P-value cua tham sé C (thoi gian) va AC
NT7 0 35 2 1,214 1,215 cao hon 0,05 (khong co y nghia thong k&) nén cac tham sb
NTS 30 45 2 1341 1340 nay anh huong khong déng ké dén mo hinh thyc nghiém.
N9 30 35 2 1,193 1212 Duya vao bang 4 va phuong trinh hoi quy (1) cho thay, khi
NTIO 70 40 1 1369 1379 sir dung hop 1y cac yéu t6 ndng do EtOH (A), ty 1¢ DM:NL
NTI11 30 40 1 1,356 1,348 (B), su két hop gitia néng do EtOH voi ty 1€ DM:NL (AB)
NTI12 50 45 1 1,264 1,274 va su két hO'p glfra ty lé DM:NL v6i thoi gian ngém (BC)
NTI3 50 40 5 1538 1533 s€ mang !ai ‘géc dong tich cuc lam tang he:urn luwgng tannin.
S B I ; 1525 153 Nguoc lai, ?éu ‘qué‘ l.anq dungzcéCNyéP to nQng ‘?‘7’ (A?}, ty 16
e 50 40 . 1536 1533 DM:NL (B?) va thoi gian (C?) s€ gay ra tac dong ti€u cuc

‘ 1am gigm ham lugng tannin chiét tach duoc tir 14 cdy bang.
Phuong trinh hoi quy: Tuong quan gilta cac yéu to trong phwong trinh héi quy
Y = -10,795 + 0,00779A + 0,5828B + 0,1383C - duocbieudién o cic hinh 3-7.

0,000136A - 0,007390B2 - 0,11775C> + 0,000163AB +

Ham lwong tannin

0,000113AC + 0,00810BC O -
=

trong d6: Y 1a ham lugng tannin (mg TAE/g nguyén liéu); ;j : i’i:
A: nong do EtOH (%); B: ty 16 DM:NL (v/w); C: thoi gian - ]’37
trich ly (gi®). Hé so hoi quy (R?) tinh dugce 1a 0,9930, dieu 2 o
Lo A ; 1,36

ndy thé hién rang c6 99,30% so liéu thyc nghiém tuong il o s
thich v6i s6 li¢u tién dodn theo mo hinh. Gia tri R* 1én hon g = ]’4 4
0,8 thé hién mé hinh tuong thich vé&i thuc nghiém c6 nghia £ 1i48
la cé sy twong quan rat chat ché gilia cac yéu td thi nghiém g 152
va ham luong tannin. g 1,56

Tinh tuong thich cta cdc him myc tiéu dbi voi thye = P A
nghiém duoc thé hién & bang 4. Hé s6 sai s6 cia mo hinh Néng o dung moi (%) < W 16

(Lack of fit) co gia tri p-value 1a 0,089 (>0,05) cho thdy m6  Hinh 5. Twong quan giira néng do dung méi EtOH va ty 1é DM:NL dén ham
hinh phu hgp véi thuc nghiém. Iwgng tannin.
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Hinh 5 md ta sy anh huong cua nong d6 EtOH va ty 18
DM:NL dén ham lugng tannin thu nhan. O bat ky gié tri nong
d6 EtOH nao, khi thay doi ty 16 DM:NL tir 35:1 dén 45:1 s& lam
thay d6i ham luong tannin. Cu thé, & bat ky ndng do dung moi
nao khi ting ty 16 DM:NL tir 35:1 1én 40:1 s& lam tang hiéu suat
trich ly. Sw chénh 1éch gradient nong do giita bén trong va bé
mat vat liéu rdn cang cao, lam tang su khuéch tan cua chét tan
tir vat liéu ra moi truong hay lam tang hiéu sut trich ly.

Ham lwong tannin

2

= m i
< m o124
E" B o128
= 1.32
= o136
=4 M 14
= B oLaq
£ 5 1.48
&

o0 2.6 1,52
E- - \\\z&'\’ 1.56
E ] M 6
= T§ 18 DM:NL ‘@@ B 164

Hinh 6. Twong quan gitra ty 16 DM:NL va thi gian ngam dén ham lwgng
tannin.

Hinh 6 mo ta sy anh hudng cua ty 1¢ DM:NL va thoi gian
ngam chiét dén ham lugng tannin thu nhan. Tai ty 1é DM:NL
nhét dinh, khi tang thoi gian ngdm chiét tir 3 gid thi ham luong
tannin ¢6 xu hudng giam do qua trinh 6xy hoa xay ra trong dich
chiét khi thoi gian trich ly qua 1au.

Ham lwgng tannin

z

& 1.2
=

3 1,24
=

2 1.28
=

= 1,32
= 1,36
o 14
= 1,44
= 1,48
g

s 1,52
§. 1,56
= 1.6
o3

= Il 164

Hinh 7. Twong quan giira ndng dé EtOH va th&i gian ngam chiét dén ham
lwong tannin.

Hinh 7 mo ta sy anh huong cia ndng do EtOH va thoi gian
ngam chiét dén ham luong tannin thu nhan. Tai mbc thoi gian xac
dinh (1-3 gio), khi ting ndng d6 dung méi chiét 30-70% thi ham
luong tannin ting va giam & ndng do EtOH tir 70%. Nhung khi
danh gia sy trong tac cua ndng do EtOH va thoi gian ngam (AC)
thi khong co ¥ nghia vé mit thong ké giira hai yéu t6 nay (bang 4).

Thiét ké thi nghiém bang phuong phap RSM dé tim ra cac diéu
kién i wu ciia timg yéu t6 dé cai thién quy trinh trich ly tannin tir
14 bang. Tur két qua thyc nghiém thu dugc, tién hanh x4c dinh cac
gi4 tri ma hoa toi wu cla timg yéu t0 trong thi nghiém

si: HNOGCI:-IE 65(10DB) 10.2023

Céc diéu kién chiét tach ham luong tannin trong 14 ciy bang toi
wu dat dwgc tir md hinh véi ndng d6 EtOH 14 53,95%, ty 16 DM:NL
1a 41,14 (v/w) va thoi gian ngdm la 2,03 gio thi gia tri ham luwong
tannin ky vong 1a 1,54 mg TAE/g nguyén li¢u.

Két qua kiém chimg thyc nghiém céc diéu kién tich chiét
tannin tir 14 cdy bang cu thé nhu sau: Nong do dung méi EtOH
54%, ty 1&¢ DM:NL 41:1 (v/w) va thoi gian ngdm 2 gi¢ thi ham
lugng tannin thyc té thu duoc 13 1,54+0,02 mg TAE/g nguyén li¢u.

Bang 5. Két qua kiém tra thwe nghiém céac thong sé téi wu tir phwong
trinh héi quy.

Gia tri t0i wu Ham lwgng tannin (mg/g nguyén li¢u)
Ty 16 DM:NL Nong do Thoi gian - .
(viw) E(OH (%) ) Thyc nghiém Du doan
41:1 54 2,0 1,54+0,02 1,54

Két qua bang 5 cho thdy, ham lugng tannin cao, khong ¢6 su
khéc biét co ¥ nghia (p<0,05) giita két qua thuc nghiém va két qua
dy doan tir phuong trinh hdi quy. Nhu vay, két qua t6i wu hoa phu
hop voi thue nghi¢m.

3.3. Két qud khdng vi khudn V. paraheamolyticus ciia cao
chiét toi wu tir la cdy bang

Miu cao chiét 1a bang dugc hoa tan bang DMSO 1% ¢ cac nong
do 1, 3, 5 va 7 mg/ml. Tién hanh danh gia hoat tinh khang khuan
cua cao chiét bang phuong phap khuéch tan qua giéng thach voi
chi tiéu theo doi la duong kinh vong v6 khuan thé hi¢n & bang 6.
Bang 6. DBwong kinh vong khang khuan clia cao chiét Ia bang khang V.
paraheamolyticus.

STT Nong dd cao chiét (mg/ml) Puong kinh vong khang khuén (mm)

1 DMSO 1% 0,0+£0,00
2 1 9,0°+0,15
3 3 13,8%0,08
4 5 14,6°4£0,05
5 7 16,5+0,06

ab.ed: cac ky tw theo hang doc khac nhau thé hién su khac biét ¢ y nghia
p<0,05.

Hinh 8. Bwéng kinh vong khang khuan cla cao chiét téi wu tiv 1a cay bang
véi vi khudn V. paraheamolyticus.

40



Hoat tinh khang vi khuan ¥ paraheamolyticus ciia cao
t6i wu 14 cay bang dugc xac dinh dua vao sy hinh thanh
vong khang khuan theo phuong phap khuéch tan giéng
thach trinh bay ¢ bang 6. Tir két qua bang 6 va hinh 8 cho
thiy, cao chiét téi uu tir 14 cdy bang c6 kha ning khang
vi khuan V. paraheamolyticus, két qua nay tuong dong voi
nghién ctu cia J. Velazquez-Roman va cs (2014) [8].

4. Két luan

Phuong phap RSM di duoc sir dung dé thiét ké thi nghiém
tach chiét t6i wu tannin tir 14 cdy bang. Két qua nghién ciru
da xac dinh duoc cac yéu té dua vao mo hinh tdi wu hoa quy
trinh trich ly ham luong tannin tir 14 cdy bang la nong do
dung moi (A), ty 1€ DM:NL (v/w) (B) va thoi gian ngadm (C).
Ham luong tannin tir 14 cdy bang dugc thu nhan cao nhat 1a
1,54 mg TAE/g nguyén lidu, v6i cac diéu kién toi vu nhu sau:
nong do dung méi EtOH 54%, ty 16 DM:NL 41:1 (v/w) va
thoi gian ngam chiét 2 gio. Két qua danh gia kha nang khang
khuan cho thiy: cao chiét tdi wu tir 14 cay bang c6 kha ning
khang vi khuan V. parahaemolyticus. Két qua nay 1a co so
cho viéc nghién ciru chiét xuat hop chét tannin tir 1a cay bang
nham ung dung vao linh vyuc thuy san hodc cac linh vuc c6
lién quan khac.
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Toi ru héa dieu kién tach chiét saponin steroid tir 1a cay Costus pictus bang phuong phap
dap tmg be mét va khao sat khang khuan cia cao chiét thu duwoc trong dién kién toi wru hoa

Nguyén Pao Thanh Huwong", Ho Thi Nguyét', Trweong Minh Ngoc!,
Lé Thanh Binh!, Po Thi Mai Trinh', Bui Dwong Xuin An?
!Chi nhanh Vién Ung dung Cong nghé tai TP Hé Chi Minh, 3664 Trieong Chinh, phwong 13, qudn Tdn Binh, TP H6 Chi Minh, Viét Nam
Trueong Pai hoc Cong Thiwong TP Ho Chi Minh, 140 Lé Trong Tén, phwong Tdn Thanh, qudn Tan Phi, TP H6 Chi Minh, Viét Nam

Ngay nhan bai 3/7/2023; ngay chuyén phan bién 5/7/2023; ngay nhan phan bién 21/7/2023; ngay chip nhéan dang 25/7/2023

Tom tit:

Muc dich ciia nghién ciru 13 t6i wu héa qua trinh chiét xuit saponin steroid tir 14 cdy Costus pictus va khio sat hoat tinh khang
Kkhuén ciia cao chiét 14 C. pictus thu dwge. Anh hwéng ciia cac yéu to don 1é chinh 13 nong d9 ethanol, ty I¢ nguyén liéu/dung méi
va thoi gian chiét dwgc khao sat bing phwong phap dap ing bé mit (RSM) dé dwa ra diéu kién chiét toi wu. Két qua nghién ciru
cho théy, cac diéu kién toi wu dé chiét tach saponin steroid nhw sau: nf)ng d9 dung mdi ethanol 79%, ty 1€ nguyén liéu/dung moi
1/31 g/ml va thoi gian chiét (60 gio) cho két qua dat 7,62% saponin steroid. Cao chiét 14 C. pictus sau khi t6i wu héa diéu kién chiét
xuét cho thiy c6 hiéu qua trc ché ca 4 dong vi khuén Bacillus subtilis, Vibrio sp., E. coli va Salmonella sp. dwoc khéo sat. Trong
do, hiéu luc e ché Vibrio sp. cao nhét va hi¢u lyc e ché Salmonella sp. thap nhit.

Tir khéa: Costus pictus, khang khudn, phwong phap dap timg bé mit, saponin steroid.

Chi sé phin loai: 2.4
1. M6 dau

C. pictus 1a cay thugc ho Costaceae ¢ ngudn goc tir Nam
MY, sau d6 phat trién manh tai chau A (An Do, Trung Qudc,
Malays1a .) nhu loal cdy canh. C. pictus da duoc str dung trong
nhiéu bai thudc ¢o truyén cia An Do va mot s nude Pong Nam
A dé didu tri dai thao dudng, viém phdi, thap khép, tiéu chay, dau
d4u, nén mira [1]. Cay C. pictus c¢6 chira nhiéu hop chat c6 hoat
tinh sinh hoc nhu flavonoid, polyphenol saponins, terpenoid,
tannin, tinh du va cac nguyen t6 vi lugng (K, Ca, Cr, Mn, Cu
va Zn) [2-4]. C. pictus c6 nhiéu tic dung y hoc nhu khang nédm,
khang vi khuan, virus [3, 6], khang 6xy hoa [7], chéng viém [8],
1am thube chdng ung thu [9], tri bénh tiéu dwong [10, 11].

Saponin 1a mot nhom hop chat da dang dugc dic trung boi
cdu trac cua chang c6 chita aglycone steroid hodc triterpenoid
va duoc gén v&i mot hode nhidu chudi duong [12], déc trung
boi tinh chat hoat dong bé mit vi ¢6 thé hoa tan trong nudc
tao thanh dung dich tao bot. Saponin thuong dugc nhom thanh
hai loai chinh: saponin steroid ton tai chi yéu trong cdy mot
14 mam va saponin triterpenoid ¢6 trong cy hai 14 mam [13].
Theo mot s0 nghién ctiru cho thay, chi Costus sp. dugc coi la mot
ngudn nguyén li¢u méi ¢6 tiém ning khai thac saponin, dic biét
la saponin steroid [4, 10].

Trong qué trinh ly trich ham lugng saponin steroid bi anh
huong boi nhidu yéu t6 khac nhau nhu nong do dung méi, ty
18 nguyén liéu/dung moi, thoi gian chiét ciing nhu sy twong tac
gifra céc yéu td voi nhau. Mic du, da ¢6 nhiéu nghién ciru vé
thanh phan hoat chat va tac dung sinh hoc cuia cdy C. pictus
nhung van chua c6 nhiéu bai bao nghién ctru va diéu kién chiét

*Tac gia lién hé: Email: ngdthanhhuong2312@gmail.com
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saponin steroid ciing nhw t3i wu quy trinh chiét saponin steroid
trén loai cdy nay. Do d6, myc tiéu ctia nghién ctru nay nhim t6i
uu hoa diéu kién chiét xuat saponin steroid bang phuong phap
RSM va khao sat mot sd hoat tinh sinh hoc cta cao chiét la C.
pictus. Nghién ctru ndy gop phan co so khoa hoc cho cac nghién
ctru chiét xuat saponin steroid va khao sat mot s6 hoat tinh cua
cao chiét giau saponin tir 1 cay C. pictus va dinh hudng khai
thac nguén dugc liéu mot cach hi¢u qua.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit ligu

L4 truong thanh 1 nam tudi cua cdy C. pictus duoc thu hai,
rira sach dudi nudc may, thai nho, phoi kho trong bong ram 7
ngay. L4 kho dugc xay nhuyén bing may xay duoc liéu YB-600
(Trung Quéc). Sau do, bot dugc loc qua ray loc ¢6 kich thudc 16
1 mm dé dat dugc kich thuge dﬁ")ng nhét.

Hoa chét thi nghi¢m: Ethanol (>99,8%, ty trong: 0,79
g/em® (20°C), Merck); Diosgenin (Sigma-Aldrich, 95%);
p-Anisaldehyde (>99%, Merck); ethyl acetate (99,9%, Merck),
H,SO, (98%, Merck).

Cac chung vi khuan Bacillus subtilis, Vibrio sp., E. coli va
Salmonella sp. dugc cung cip boi Phong Thi nghiém Vi sinh cua
Chi nhanh Vién Ung dung Cong nghé tai TP Ho Chi Minh.

2.2. Phwong phap nghién ciru

Cén 500 g bt 14 ngdm trong 5.000 ml n-hexan, lic va dé qua
dém d¢ loai béo, sau d6 loai n-hexan, bot 1a dugc thu lai va séy
kho dé 1am nguyén li¢u trong cc thi nghi¢m khao sat don yéu to.
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Abstract:

The aim of the study was to optimise the extraction of steroid
saponins from Costus pictus leaves and investigate the
antibacterial activity of the obtained C. pictus leaf extract.
The influence of major single factors, including ethanol
concentration, ratio of raw materials to solvent, and extraction
time, were investigated, and the use of the response surface
methodology provided optimal extraction conditions. The
results of the study showed that the optimal conditions for
steroid saponins extraction were as follows: ethanol solvent
concentration (79%), material/solvent ratio (1/31 g/ml), and
extraction time (60 hours), resulting in 7.62% steroid saponin
content. The C. pictus leaf extract obtained under these
optimised conditions exhibited effective inhibition against all
four bacterial strains: Bacillus subtilis, Vibrio sp., E. coli, and
Salmonella sp.. Among them, the inhibitory effect on Vibrio sp.
was the highest, while the inhibitory effect on Salmonella sp.
was the lowest.

Keywords: antibacterial effect, Costus pictus, response surface
methodology, steroid saponins.

Classification number: 2.4

2.2.1. Khdo sat anh hwong cia nong do dung méi dén ham
luong saponin steroid thu dwoc: Can 10 g bot 14 da loai béo va
ngam vai ethanol ¢ néng d6 50, 60, 70, 80 va 90% voi ty 1¢ 1/10
g/ml trén may lic v6i the d6 90 vong/phit. Sau 24 gi ngam chiét,
dich chiét duoc loc qua bong thim va gidy loc whatman 01 nhim
loai cdn va thu dich loc. Ham lugng saponin steroid (%) duoc xac
dinh bing phuong phap do d¢ hap thu quang phd & bude song 430
nm, tuong tu véi phuong phap dung dudng chuan diosgenin.

2.2.2. Khao sat anh hieong cua ty ¢ nguyén liéu voi dung moi
dén ham lwong saponin steroid thu diroc: Can 10 g bot 14 di loai
béo va tién hanh ngim trong ethanol véi ndng do duoc xéc dinh
trong thi nghiém khao sat ndng do dung méi voi cac ty 18 1:10,
1:20, 1:30, 1:40, 1:50 va 1:60 g/ml trong thoi gian 24 gio (c6 lic
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voi toe d 90 vong/phut). Sau do dich chiét duoc loc va tién hanh
do ham luong saponin steroid twong ty nhu thi nghiém khéo st
dung moi.

2.2.3. Khdo sdt anh hwong yéu t6 thoi gian ngam chiét dén
ham leong saponin steroid thu diroc: Can 10 g bot 14 cho tién
hanh ngim trong ethanol v6i nong do va ty 1é nguyén liéu/dung
moi dugce xé4c dinh tir hai thi nghiém trén, ngdm trong thoi gian 24,
48, 72 va 96 gio. Hon hop dung dich duogc loc va do ham luong
saponin steroid c6 trong mau tuwong tu nhur cc thi nghiém trén.

2.2.4. Thi nghiém 16i wu héa diéu kién chiét: Dya trén két qua
ciia céc thi nghiém don yéu t6, phuong phap RSM duoc st dung
dé 61 wu hoa cac diéu kién chiét saponin steroid tir bot 14 C. pictus
v6i 3 thong sb quan trong duogc lya chon 1a nong do dung méi (70-

90%), ty 1¢ nguyén li¢u véi dung moi (1:20-1:40 g/ml) va thoi gian
ngam chiét (24-72 gio). Thi nghiém dugc b tri theo phuong phap
CCD (Central composite des1gn) gom 20 thi nghiém va ma tran thi
nghiém dugc xay dung bang phan mém Minitab 18.0. Mdi yéu t6
¢6 3 mirc d6 thay ddi theo bang 1.

Bang 1. Bang ma héa céc bién doc lap.

Cac mirc ma héa

Yéu tb khao sat Ky hiéu

-1 0 1
Noéng d¢ EtOH (%) X, 70 80 90
Ty 1€ nguyén liéu/dung moi (g/ml) X, 1:20 1:30  1:40
Thoi gian ngam chiét (gid) X, 24 48 72

2.2.5. Khao sat kha nang khang khudn ciia cao chiét 1 C. pictus
sau khi toi wu hda dieu kién chiét xuat: Kha ning khang khuén cua
cac cao chiét 14 C. pictus dugc xac dinh bang phuong phap khuéch
tan trén dia dugc thuc hién theo mo ta cua J. Oonmetta-Aree va cs
(2006) [14] ¢6 diéu chinh. Trén mdi dia thach chira méi truong LB
duoc trai déu 100 pl dich vi khudn (106 CFU/ml). Sau d6, mdi dia
thach duoc duc giéng c6 dudng kinh 7 mm va nho 100 pl cao chiét
& cac ndng do 17,5, 35, 70 va 140 mg/ml vao mdi giéng, dung dich
DMSO 10% dugc sir dung lam ddi chimg. Duong kinh vong vo
khuan dugc do bang thude do don vi mm sau 24 gio i mau ¢ 32°C.

2.2.6. Xdc dinh ham heong saponin steroid trong mdu: Phuong
phap xac dinh ham lugng saponin steroid duge thuc hién theo R.
Singh va cs (2015) [15], I.C. Baccou va cs (1977) [16] ¢6 dicu
chinh. Nguyén 1y ctia phuong phdp do saponin steroid dya trén
phdn ng cua saponoin steroid vdi anisaldehyde va ethyl acetate
trong moi truong acid dé tao phic chat co mau, do hap thu cia
phitc chat dugc do & bude song A=430 nm. Phin tram ham lugng
saponin steroid (%) dugc xac dinh dua trén duong chuan diosgenin
da biét. Phuong phap dung dudng chuan diosgenin nhu sau: hut 1
ml dung dich diosgenin dugc pha trong ethyl acetate (ndng do 10,
20, 30, 40 va 50 pg/ml) vao 6ng nghiém, sau d6 thém 1 ml dung
dich A (0,5 ml anisaldehyde pha trong 99,5 ml ethyl acetate) va
1 ml dung dich B (hdn hgp 50 ml H,SO, va 50 ml ethyl acetate).
Hon hop dung dich duoc dun cach thuy trong nude 60°C trong 20
phit, sau d6 lam lanh trong bé nuéc ¢ nhiét o phong 15 phat. Hon
hop duoc do mat do quang bang may do quang phd Genesys 50 -
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Thermo USA ¢ bude song 2=430 nm, ethyl acetate dugc sir dung
lam mau ddi chimg. Duong chuan diosgenin dugc biéu dién dudi
dang: Y=0,0067x +0,0568, vi R=0,9966. Phén trim ham lugng
saponin steroid (%) trong dich chiét 14 C. pictus dugc do twong
tu va saponin steroid trong mau thi nghiém dugc biéu thi bang %
saponin steroid (mg diosgenin duong lwgng/khdi lugng kho) va
dugc tinh theo cong thirc sau:
CXnXxV

m x 1000 x (100 — h)

trong d6: Cla néng 6 saponin steroid theo dudng chuan diosgenin
(ug/ml); n 1a hé s pha lodng; V la thé tich dich chiét; m 1a khdi
lugng mau ngam; h 1a d6 4m mau.

Ham lwgng saponin steroid (%) =

X 100%

2.2.7. Xur ly div ligu: Tét ca cac thi nghiém duogc b tri lap lai 3
1an, két qua dugc biéu didn dudi dang mean £SD. Cac s6 lidu lién
quan dén dinh luong hoat chét trong dich chiét duoc xir Iy phan
tich hoi quy, dua ra hé sb twong quan bang cach st dung phan tich
hoi quy. tuyén tinh. S4 lidu thu nhén dugc xur ly va tinh toan trén
phin mém Excel, phan tich sb liéu ANOVA (One-way analysis of
variance), so sanh thng ké sb liéu va xdy dung m6 hinh t6i wu
héa céc diéu kién ly trich saponin steroid bang phin mém Minitab
18.0. Kiém dinh Turkey duogc thyc hién dé danh gia mic do khac
biét c6 y nghia gilta cac gia tri voi mire y nghia p<0,05.

3. Két qua va ban luan

3.1. Két qud khdo sdt mgt so yéu to anh huéng dén him
luong saponin steroid thu nhdn dwoc

Anh huong cia céc yéu td don dugc khao sat bao gom ndng do
ethanol, ty 1¢ nguyén li¢u/dung moi va thoi gian ngdm chiét deén
ham lugng saponin steroid thu nhan dugc dugc thé hién ¢ hinh 1.

@A) B ©
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Hinh 1. Anh hwéng ctia cac yéu td don dén phan tram ham Iweng saponin steroid thu dwoc. (A) Anh
hwéng clia ndng dd ethanol; (B) Anh hwéng clia ty 1& nguyén liéu/dung méi; (C) Anh hudng clia thdi gian
ngam. &0 Céc ky tw khac nhau theo sau sé lidu biéu hién sw khac biét c6 ¥ nghia thdng ké véi p<0,05.

Anh huéng cta nong do ethanol dén phan trim ham luong
saponin steroid thu nhan thé hién ¢ hinh 1A cho thdy, nong do
ethanol ¢6 anh huong dén ham lwgng saponin steroid thu nhan
duge. Cu thé, ham luong saponin steroid thu dugc tang dan ty 16
thuan voi néng do dung moi va dat cuc dai khi chiét véi dung moi
EtOH 80% (tuong tmg 4,8%), nhung khong co nhidu khéc biét so
v6i cac nong do ethanol thip hon va giém manh khi téng nong do
EtOH lén 90% (twong (mg 4 ,0%). Didu nay cho théy, trong qua
trinh chiét xuat saponin steroid tr la C. pictus, nong do dung moi
trong khoang khao sat anh huong khong manh dén hiéu suat thu
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Thoi gian ngdm (gio)

nhan saponin steroid. Mét khac, n6ng d9 ethanol cao khong thich
hop cho viéc chiét xuat saponin vi co thé lam bién tinh protein
trong vach té bao lam giam hiéu qué chiét xuat. Nhu vy, nong do
ethanol 80% duoc chon lam nf‘)ng d6 dung moi thich hgp cho thi
nghiém tiép theo.

Anh huéng cta ty 16 nguyén liéu/dung méi dén phan trim ham
luong saponin steroid thu nhan duoc thé hién ¢ hinh 1B. S liéu
thyc nghiém cho thdy, ham lugng saponin steroid ting manh khi
ty 1é nguyén lidu/dung moi tang dan tir ty 1 1/10 1én 1/30 mg/ml,
twong duong voi ham lugng saponin steroid thu dugc tang tir 3,99
16n 6,08%, sau d6 giam dan khi tiép tuc ting ty 1& nguyén lidu/
dung moi tir 1/30 1én dén 1/60 mg/ml. Ty 1& nguyén liéu/dung moi
c6 anh huong dén toc do hoa tan hoat chat trong dung moi nén khi
ty 1& nay qua nho thi dan dén hiéu qua chiét hoat cht thap, khi
tang thé tich dung moéi din dén ndng do chit hoa tan trong dung
moi giam gitp tang toc d chiét hoat chat. Tuy nhién, khi ty 1
dung moi va nguyén liéu dat duoc diém can bang thi ham lwong
hoat chét trong dung moi khong thé tang thém. Hién tuong nay
déu duoc ghi nhan khi tach chiét cac nhom hoat chat khac nhu
flavonoid, polyphenol [17] va tach chiét saponin triterpenoid [18].
Do do, ty 1€ 1/30 g/ml la ty 1¢ nguyén li¢u/dung mdi thich hgp cho
thi nghiém tiép theo.

Két qua cua thi nghiém anh huong cta thoi gian ngdm dén ham
luong saponin steroid dugc thé hién ¢ hinh 1C. Két qua cho théy,
phan trim ham luong saponin steroid gia ting khi tang thoi gian
ngam dung moi tur 24 1én 48 gio (twong duong véi % ham lugng
saponin steroid thu duoc ting tir 6,63 18n 7,10%). Khi tiép tuc ting
thoi gian ngdm dung moi tir 48 1én 72 va 96 gio thi ham lwong
saponin steroid bit dau giam (twong duong 7,10% & 48 gio giam
xudng 6,18% & mbe 72 gio va 5,88% & mdc
96 gid) c6 khac biét thong ké véi nghiém thire
ngim 48 gio. Piéu nay co thé duoc 1y giai
la thoi gian dau chiét xuat dai gip saponin
hoa tan va khuéch tan tir trong té bao ra moi
truong, sau d6 khi ting thém thoi gian chiét
xuat thi cac tap chat va céc thanh phan khac
trong dich chiét dat trang thai can béng, do
hoa tan thay doi c6 thé din cac phan tc keo tu
lam giam lugng saponin [19].

48 72 96

3.2. Két qud téi wu héa diéu kign chiét
saponin steroid tir ld cdy C. pictus

Trén co so khao sat cac yéu to don anh huong dén ham lugng
saponin steroid thu nhan duoc bing phuong phap ngém chiét cho
thdy, ham luong saponin steroid trong dich chiét tir 14 C. pictus
chiu anh huong tr cac diéu kién chiét nhu néng do dung moi, ty 1¢
nguyén lidu véi dung méi va thoi gian chiét. Do d6, phwong phép
RSM theo ma trén thiét ké thi nghiém Plackett-Burman vdi mo
hinh CCD duoc thiét ké vi 3 bién duoc sir dung nham tdi uu hoa
diéu chiét xuét saponin steroid. Két qua ham lugng saponin steroid
thu nhan dugc theo ma tran thyc nghiém Plackett-Burman dugc
thé hién ¢ bang 2.

a4



Bang 2. Bang ma tran thwc nghiém Plackett-Burman va ham lwong
saponin steroid thwc nghiém va dw doan.

Nong do dung Ty 1énguyénliéu  Thoigian  Ham lwgng saponin steroid
STT moi EtOH (%)  véi dung mdi (g/ml) ngam (gio) (%)
X, X, X Thyre nghiém Dy dodn

1 70 1:20 24 4,4240,03 457
2 90 1:20 24 4,86+0,35 5,09
3 70 1:40 24 5,54%0,22 5,61
4 90 1:40 24 6,624+0,73 6,38
5 70 1:20 72 6,93+0,34 7,26
6 90 1:20 72 6,70°+0,05 6,71
7 70 1:40 72 7,09%40,10 6,96
8 90 1:40 72 6,73+0,30 6,66
9 63 1:30 48 6,59°+0,13 6,37
10 97 1:30 48 6,46°+0,12 6,55
11 80 1:13 48 6,65+0,01 6,26
12 8 1:47 48 6,85+0,43 7,10
13 80 1:30 8 4,4240,07 433
14 80 1:30 88 6,87°+0,17 6,83
15 80 1:30 48 7380007 7,62
16 80 1:30 48 7,78:0+0,47 7,62
17 80 1:30 48 731%£0,07 7,62
18 80 1:30 48 8,06:£0,05 7,62
19 80 1:30 48 7370005 7,62
20 80 1:30 48 7,80°40,14 7,62

ab.c.. Cac ky tw theo hang doc khac nhau thé hién sw khac biét ¢ y nghia
p<0,05.

Két qua bang 2 cho théy, dir liéu thu dugc tir thyc nghiém
khong c6 sy chénh lénh nhiéu so véi dir liéu du doan tir mo hinh
v6i R? hoi quy (dat 0,9511), ¢6 95,11% s6 liéu thuc nghiém tuong
thich véi mo hinh du doan. Ham lugng saponin steroid thu dugc
tir ma trén thi nghiém c6 su bién thién, trong d6 5 thi nghiém trung
tam (tir thi nghiém 15 dén thi nghiém 20) cho hiéu suét thu nhan
saponin cao va 6n dinh. Cy thé, ham luong saponin steroid thu
nhan dugc thap nhat trong thi nghiém s6 1 (dat 4,42%) va cao nhat
trong thi nghiém so 18 (dat 8,06%).

Sau khi dua sd lidu két qua ham luong saponin steroid thu
dugc tir ma tran thi nghiém Plackett-Burman gém 20 thi nghi¢m
vao phin mém Minitab 18.0 cho thdy, ham luong saponin steroid
thu dugc tuan theo quy trinh hoi quy béc 2:

Y = 31,90 + 0,695X, + 0,242X, + 0,2814X, - 0,004099X *
- 0,003320X,” - 0,001253X,” - 0,00062X X, - 0,001101X,X, -
0,001404X X,

trong do: Y 1a ham lugng saponin steroid du doan thu nhan dugc
trla C. pictus; X, 1a nong do dung moi ethanol; X, 1a ty 1¢ nguyén
li¢u v6i dung moi; X, la thoi gian ngdm chiét.

Tir bang phan tich ANOVA (bang 3) cho thy, chi s6 sai s6 mé
hinh dat 0,430>0,05 nén mo hinh ¢6 d6 phu hgp véi s6 liéu thuce
nghiém va c6 do chinh xac cao (p-value mo hinh =0,00).
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Bang 3. Bang phan tich ANOVA ctia mé hinh thwc nghiém.

Ngudn Hésd  Téngbinh Trung binh fvalue e
tirdo phuong binh phwong
M hinh 9 19,8529 2,20588 21,65 0,000
Tuyén tinh 3 84106 2.80355 2751 0,000
Néng do ethanol (X,) 1 0,0375 0,03754 037 0,557
Ki]i;zg)“yé“ liowdung 0,8457 0,84569 83 0,016
Thoi gian ngim (X,) 1 75274 752741 7387 0,000
Binh phuong 3 9,043 331477 32,53 0,000
X 1 24215 242149 23,76 0,001
e 1 1,5884 1,58844 15,59 0,003
X 1 7,5041 7,50408 73,64 0,000
Tuong thc 2 chiu 3 14979 049931 49 0,024
XX, 1 0,0307 0,03068 03 0,595
XX, 1 0,584 0,584 548 0,041
XX, 1 0,9088 0,90883 892 0,014
Sai s6 10 1,019 0,1019
Sai s mo hinh 5 0,515 0,103 1,18 0430
Sai sb ngau nhién 5 04675 0,0935
Téng s6 19 20,8719

R-5q=95,12%
R-sq(adj)=90,72%
R-sq(pred)=76,16%

Phan tich ANOVA (bang 3) dugc st dung dé danh gia do tin
cdy ctia m6 hinh thyc nghiém duoc thiét ké & bang 1 cho tha”iy mo
hinh ¢6 d9 chinh xac cao (p=0,000). Cu thé, phﬁn tram ham luong
saponin steroid chiu anh huong cta 2 tham sb bac 1, bao gdm ty
1¢ nguyén liéu véi dung moi (Xz)’, thoi gian ngam (X3),‘3 tham 50
bac 2 1a X%, X?, X;? va 2 tham s0 ¢6 twong téc hai chicu la nong
d6 ethanol véi thoi gian ngém (X, X,) va ty I¢ nguyén liél}/dung
mdi véi thoi gian ngam chiét’ (X,X,). Ngugc, lai cac tham s6 X, v,é
X X, khong c6 anh h}r(”yng dén mo hinh thuc ngl}iém.~D1_ra yéo ket
qué phan tich cho thay phuong trinh hoi quy biéu dién phan trim
ham luong saponin steroid mdi nhu sau:

Y =-31,90 +0,242X, + 0,2814X, - 0,004099X ? - 0,003320X
-0,001253X,2 - 0,001101X X, - 0,001404X X,

Db thi dong mirc va do thi RSM (hinh 2) cho thay, ham luong
saponin steroid bién d6i phu thudc vao ty 1é nguyén liéu v6i dung
moi, thoi gian ngam chiét ciing nhu sw twong tac cta 2 yéu tb nay.
Cu thé, phéin tram ham lugng saponin steroid thu dugc bién thién
khi ty 1¢ nguyén liéw/dung moi va thoi gian ngam thay doi (hinh
2A-2C), trong khi d6, ham lugng saponin steroid (%) khong c6 su
thay d6i rd rang khi thay doi nong d¢ ethanol (hinh 2A va 2B), diéu
nay phtt hgp vi phuong trinh hoi quy ctia mé hinh thi nghiém.
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Hinh 2. D6 thi biéu thi sw twong quan gitra cac yéu té khac nhau lén
ham Iwgng saponin steroid thu nhan dwec. Phan trdm ham lwong saponin
steroid thu dwoc bién thién khi ty 1& nguyén liéu/dung moi va thoi gian ngam
thay ddi (A, B, C), trong khi d6 ham Iwong saponin steroid (%) khdng co sw thay
ddi rd rang khi thay déi ndng do ethanol (A, B).

optimal dung mdi e thoi gian
High 968179 468179
(EBQCER iy [79.1506] [31.1891]
Predict  Low 63.1821 13.1821
saponin
Maximum
y = 178193

d = 093281

Hinh 3. D6 thi biéu dién diém téi wu cia diéu kién chiét xuat saponin
steroid tir 1a C. pictus.

Tir cac két qua trén va do thi biéu didn diém t6i wu ciia didu
kién chiét xuat saponin steroid (hinh 3) chung t6i dua ra diéu kién
chiét xuat saponin steroid toi uu (bang 4) nhu sau.

Bang 4. Bang biéu dién ham Iwgng saponin trong diéu kién téi wu héa
chiét xuat.

DPitu kién chiét xuét tbi wu Saponin steroid (%)

Nong do ethanol Ty 18 nguyén liw/dung Thoi gian ngam
(%) mbi (g/ml) (gi0)
79 1131 60

Thuc nghiém Dy kién

7,62+0,31 7,82

3.3. Két qua khdng khudn ciia cao chiét C. pictus da toi wu hoa

Khé ning khang khuén ciia cao chiét 14 C. pictus dugc xac dinh
dua trén kha ning rc ché sy phat trién cua vi khuan thé hién qua
duong kinh vong khang khuan dugc tao ra trén dia petri dugc trinh
bay & bang 5.

Bang 5. Dwong kinh vong khang khuén clia cao chiét C. pictus.

Nong df cao Puimg kinh vong khang khuén (mm)

chiét (mg/ml) B uprilis Vibrio sp. E. coli Salmonella sp.
8,75

17,5 2,33:40,57 4,3340,58 1,33%1,15

35 433%+1,15 4,671,16 1,670,57

70 5,67040,57 8,0000,00 467+057  4,3320,58

140 8,3341,16 10,33:£0,58 7334058 5,67:0,57

2 cac ky tw khac nhau theo sau céc sb trung binh thé hién sw khac biét co y
nghia thong ké véi p<0,05.
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Tir bang két qua dudng kinh khang khuan (bang 5) cho thay,
cao chiét 1a C. pictus ¢6 kha ning Gic ché sy phat trién cia B.
subtilis, Vibrio sp., E. coli v Salmonella sp.. Nong d6 cao chiét ¢o
kha ning khang khuén tir 17,5 mg/ml véi duong kinh khang khuan
ty 18 thuan voi ndng do cao chiét. Kha nang trc ché vi khuan cia
cao C. pictus manh nhét thé hién trén ching Vibrio sp. va yéu nhat
trén ching Salmonella sp. (bang 5, hinh 4). Cu thé, nong do cao
chiét nho nhat c6 thé tre ché vi khuan 14 17,5 mg/ml khi thir nghiém
v6i B. subtilis, E. coli va Vibrio sp., duong kinh vong khang khuan
dao dong tir 1,33 dén 4,33 mm, trong d6 ching vi khuan bj Gc
ché tai nong do nay cao nhét 1a Vibrio sp., véi duong kinh vong
khang khuan dat 4,33 mm. Déi vi chung Salmonella sp., 6 ndng
d6 17,5 mg/ml van chua c6 kha ning Gic ché. Puong kinh vong
khang khuan tang dan khi tang ndng do cao chiét C. pictus tir 17,5
dén 140 mg/ml, ca 4 ching thi nghiém déu bi trc ché manh nhét ¢
nong do cao chiét 140 mg/ml véi duong kinh vong khang khuan
dao dong tir 5,67 dén 10,33 mm (bang 5).

Hinh 4. Pwong kinh vong khang khuén clia cao chiét C. pictus véi cac
ching vi khuan khac nhau. (A) B. subtilis; (B) E. coli; (C) Vibrio sp.; (D)
Salmonella sp..

Tir thi nghiém khang khuan cho théy, cao chiét C. pictus c6 kha
ning khang ca 2 loai vi khudn gram duong va gram dm, két qua
nay c6 su twong dong véi nghién ctru cia R. Ramya va cs (2015)
[20], nhung kha ning khang khuén trong thi nghiém cta chung toi
¢ hiéu qua yéu hon ctia nhom tac gia nay. Tir nhiing thi nghi¢m
dinh tinh va cac khao sat trudc trong nghién ctru cua N.D.T. Huong
va ¢s (2022) [17] cho théy, cao chiét ethanol 14 C. pictus ¢ chira
nhidu nhom hoat tinh sinh hoc nhu flavonoid, polyphenol, saponin,
glycoside va tannin. Cac thanh phé”tn hoa hoc thyc vat nhu tanin,
flavonoid, alkaloid va mot s6 hop chat thom khac 1a cac chat
chuyén hoa thir cap dong vai trd 1a co ché bao vé thuc vat chong
lai nhiéu vi sinh vat. Trong do, flavonoid la chét chéng oOxy hoa hoa
tan trong nudc manh gitp ngdn ngira ton thwong té bao oxy hoa
va c6 hoat tinh chdng ung thu, hoat dong chdng viém [21]. Mot



s nghién ctru khac cho thy, saponin va polyphenol c6 nhiéu tac
dung nhu khéng viém, khang khuan, khang virus, khang ndm [19,
22, 23]. Do d6, kha ning khang khudn va khang 6xy héa cua cao
chiét 14 C. pictus 1a két qua cta sy tac dong ciia cac nhom hoat chat
sinh hoc chira trong cao chiét.

4. Két luan

Két qua nghién ctru cho thiy, diéu kién t6i wu cho qué trinh
tach chiét saponin steroid tir 14 cdy C. pictus vdi ndng do ethanol
79%, ty 1& nguyén lidu/dung méi 1/31 g/ml va thoi gian tach chiét
14 60 gi voi ham lugng saponin steroid dat cao nhét 1a 7,62%.

Sau khi thuc hién t6i wu hoa quy trinh tach chiét saponin
steroid trong la C. pictus cho thiy cao chiét thu dugc tir qua trinh
i uru hoa ¢6 hoat tinh sinh hoc. Cao chiét 1 C. pictus co kha ning
khang khuan d6i véi ca 4 chung vi khuan dugc khao sat bao gom
B. subtilis, E. coli, Vibrio sp. va Salmonella sp., trong d6 hiéu qua
khang khuan cua cao chiét dat cao nhat ¢ néng do 140 mg/ml ¢
ca 4 chung va hiéu qua trc ché manh nhét thé hién ¢ ching Vibrio
sp. (twong duong 10,33 mm) va yéu nhat & ching Salmonella sp.
(twong duong 5,67 mm).
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Toi ru mit s0 yéu to anh huéng dén qua trinh tach chiét hop chit polyphenol
ti hat cau (4reca catechu L.) bing phwong phap dap img bé mit

Nguyén Ba Tho’, Trwong Minh Ngoc, Lé Thi Huyén, Nguyén Thi Lién
Chi nhdanh Vién Ung dung Cong nghé tai TP H6 Chi Minh, 3664 Trueong Chinh, phieong 13, qudn Tan Binh, TP Hé Chi Minh, Viét Nam
Ngay nhdn bai 4/7/2023; ngay chuyén phan bién 7/7/2023; ngay nhan phan bién 18/7/2023; ngay chap nhan dang 21/7/2023

Tom tit:

Polyphenol 12 mgt nhém hep chit tu nhlen co trong thuc vat voi dac tinh khang Khuén va chong oxy hoa, mang lai
nhiéu tiém nang tng dung trong san xuét dwgce pham va nong nghiép. Véi muc dich tach chiét va thu nhin ham
luwgng hop chit polyphenol cao tir hat cau (4reca catechu L.), nghién ctru di sit dung phwong phap dap wng bé mit
dé danh gia anh hwéng ciia mot sé yéu té ky thuat nhw ndng do dung méi (X)), ty 1€ dung moi/nguyén li¢u (DM/NL)
(v/w) (X,) va thoi gian ngam (gio) (X,) dén ham lwgng hop chét polyphenol (Y) dwoc trich ly trong hat cau. Két qua
nghién ciru thu dwoc mé hinh mo ta tach chiét hop chat polyphenol tir hat cau bang ham muc ti¢u Y = 80,64 + 3,10X_
- 1,27X,- 6,00X ? - 3,66X,? - 5,07X,. Dya vao ham muc tiéu, két qua ham lwgng polyphenol dugc thu nhén cao nhat
1a 80, 72 mg GAE/g nguyen liéu, VO’l cic diéu ki¢n toi wu nhw sau: nong do dung méi ethanol 55%, ty 1¢ ngam DM/NL
(v/w) 35/1 va thoi gian ngim 2 gio. Két qua ham lwgng polyphenol cia thye nghiém khong co sw khac biét ¢6 y nghia
thong ké so voi két qua dw doan ctia mo hinh. Két qua nay la tién dé cho quy trinh thu nhan hop chit polyphenol tir

hat cau irng dung khang khuin trong nong nghiép va y dwoc.

Tir khéa: Areca catechu L., dap ing bé mit, hat ciy cau, polyphenol.

Chi s6 phdn logi: 2.4

1. Dat van de

Cay cau (4reca catechu L.) thudc ho Cau (drecaceae)
[1], dugc trong phd bién ¢ Viét Nam va nhiéu noi trén
thé gi¢i. Hat cdy cau dwoc xac dinh c6 hon 59 hop chét,
trong dé cac nhom c6 ham lugng cao la polyphenol [2],
alkaloid, flavonoid, tanin, triterpen [3]. Trong d6, hop chat
polyphenol c¢6 nhiéu hoat tinh sinh hoc nhu khang khuin
(Staphylococcus aureus, Salmonella typhi, Escherichia
coli), chéng o6xy héa va ky sinh tring (Ascardia galli,
Ascaris suum, Fasciolopsis buski) [4]. Mot nghién ctru gan
day da du doén sy gia tang nhu cau sur dung polyphenol [5],
theo d6 nhu cau vé polyphenol trén thi trudng polyphenol
toan cau duge dinh gia 761,9 tricu USD vao nam 2020 va
du kién s& dat 969,2 triéu USD vao cudi nam 2026, ting
truong 3,5% trong giai doan 2021-2026.

Trong cac budc thu nhan hop chat polyphenol trong thuc
vat thi chiét xudt 1a buéc quan trong. Tuy nhién, c6 nhiéu
yéu td anh huong dén hiéu qua ciia qua trinh chiét xuét. Tinh
chat khong 6n dinh, da dang cta cac hop chat polyphenol
tir cac loai thuc vat khac nhau nén doi hoi mot cach chiét
xudt phu hgp cho ting mﬁu thyc vat [6, 7]. Do dd, viéc xac
dinh cac diéu kién chiét xuét rat quan trong aé thu nhén t01
da ham lugng polyphenol ¢é trong mau. Mot so yeu t6 can
dugc xem xét khi sir dung cac k¥ thuat chiét xuat bao gom
loai va ty 18 dung méi, thoi gian chiét va ty 1& chit ran voi
chat long dé dam bao chiét xuat hoan toan cac hop chat quan
tam, dong thoi tranh bién d6i hoa hoc [6, 8-10].

*Tac gia lién h¢: Email: nguyenbatho0705@gmail.com
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Céc nghién ctru chiét xuét co thé duoc thyc hién bang
cach su dung phuong phap don yéutd [11, 12] hodc phuong
phap dap Gmg bé mit [7, 13]. Trong cach tiép can don yéu tb
thi tai mot thoi dlem chi c6 mot yéu t6 duoc chon thay dbi
trong khi tat ca cac yéu t6 khac khong déi. Cach tiép can nay
tén thoi gian va tén kém. Ngoai ra, cac tac dong tuong tac
giita cac bién khong thé danh gia dugc [7, 14]. Phuong phap
dap ung bé mat 13 mot phuong phap thong ké st dung dir
lidu tir cac thiét ké thi nghiém phu hop dé xac dinh va giai
ddng thoi cac phuong trinh da bién. Cac phuong trinh nay
¢6 thé dugc biéu dién bang db thi dudi dang cac bé mit dap
ung, co thé duoc sir dung theo 3 cach: 1) DPé mé ta anh hudng
ctia cac bién thir nghiém & don 1¢ dén két hop; ii) Dé xac
dinh mbi quan hé giira cac bién thir nghiém v6i nhau; iii) Dé
mo ta hidu qua két hop cua cac bién thir nghiém 1én két qua
[15]. Cach tiép can nay c6 thé khéc phuc dugc nhiing nhuogc
diém cua phuong phap don yéu to [14] va da c6 nghién ctru
str dung trong viéc chiét xut cac hop chit polyphenol tir cac
nguon thuc vat nhu tu hat qua chokeberry, vo qua lyu, vo
cay van sam, hat lta my [16-19].

Mic du, viée tdi wu hoa cac didu kién chiét xuit hop
chat thyc vat bang phuong phap dap g bé mat co nhleu
vu diém nhung chua co nhiéu nghién clru trong nudce vé tbi
uu héa viée chiét xuét cac hop chit polyphenol tir hat ciy
cau. Do vay, muc tieu ctia nghién ctru nay 13 t&i vu mot sé
diéu kién chiét xut (nong d6 dung moi, thoi gian chiét xuat
va ty 16 dung moi) can thiét dé chiét xuét cac thanh phan
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Abstract:

Polyphenols are a group of natural compounds found
in plants with antibacterial and antioxidant properties,
offering significant potential applications in pharmaceutical
and agricultural production. To extract and obtain a
high content of polyphenolic compounds from areca nuts
(Areca catechu L.), the study utilised a surface response
methodology to assess the impact of various technical
factors such as solvent concentration (X)), solvent-to-
material ratio (v/w) (X,), and soaking time (hours) (X))
on the yield of polyphenolic compounds (Y) extracted
from areca nuts. The study’s results yielded a model
describing the extraction of polyphenolic compounds
from areca nuts using the objective function Y = 80.64 +
3.10X, - 1.27X, - 6.00X * - 3.66X,” - 5.07X%. Based on the
objective function, the highest polyphenol content obtained
was 80.72 mg GAE/g of raw material under the following
conditions: ethanol solvent concentration of 55%, solvent-
to-material ratio (v/w) of 35/1, and soaking time of 2 hours.
The experimental polyphenol content results showed no
statistically significant differences compared to the model-
predicted outcomes. These results serve as a basis for
the polyphenol extraction process from areca nuts with
antibacterial applications in agriculture and medicine.

Keywords: Areca catechu L., areca nut, phenolic, response
surface methodology.

Classification number: 2.4

polyphenol trong hat cdy cau va xac dinh cac diéu kién tdi
uu cho hiéu suat chiét xuat toi da.
2. Vit liéu va phuong phap nghién ciu

2.1. Vit liéu

Qua cau da gia c6 vo mau vang dugc thu nhan vao thang
9-12, duogc rtra sach. Sau do, phan hat duoc tach lay ra khoi
vo va dugc say ¢ nhiét do 60°C dé dat d6 am dudi 10%.
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Tién hanh nghi;én min hat cau va ray mau qua khay ray
c6 kich thude 16 1 mm. Mau bt duge bao quan trong tii
polyethylene t6i mau kin khi, & nhiét do phong.

2.2. Phwong phap nghién ciru

2.2.1. Anh hwong don yéu to den ham lwong polyphenol
trong dich chiét hat cau: Céc yeu t6 nong do dung moi
ethanol (E), methanol (M) (30 d&n 90%, budc nhay 20%)
va nudc, ty 16 DM/NL (25/1 dén 45/1 (v/w), budc nhay 5
ml), thoi gian ngdm (2 dén 8 gid, bude nhay 2 gid) duoc lan
luot khao sat don yéu t6. Céc thi nghiém tiép theo duoc ké
thira két qua cua cac thi nghiém don yéu t6 trude. Mau dich
chiét dugc lic lién tuc trong qua trinh ngam véi toe d6 100
vong/phiit trong sudt qua trinh tach chiét. Dich chiét sau khi
duoc loc thd bé‘mg bong thAm nuéc, sau d6 duoc loc qua
gidy loc (duong kinh 16 loc 15-20 pm) va thyuc hién dinh
lwong hop chit polyphenol co trong dich chiét phuong phép
Folin-Ciocalteu [20].

2.2.2. Téi wu héa qud trinh ly trich polyphenol tir hat
cdy cau trong dung moi ethanol: Dya trén két qua khao sat
anh hudng cua cac don yéu t6 dén ham luong polyphenol,
cac don yéu tb ¢6 anh huong duoc chon dé xay dung quy
trinh tach chiét toi vu hoa. Thi nghiém ti wu héa qua trinh
ly trich polyphenol tir hat cdy cau duoc bd tri theo kiéu mo
hinh Box-Behnken. M6 hinh bao gém 15 thi nghiém, trong
d6 gia tri bién cta 3 yéu t6 dugc lwa chon t6i wu 1a ndng do
dung mdi (X)), ty 1€ DM/NL (X)) va thoi gian ngdm (X,)
dugc thé hlen o bang 1.

Bang 1. Ma héa gia tri cac yéu t6 khao sat cho thi nghiém t6i wu theo mé
hinh Box-Behnken.

Mike nghién ciiru

Céic bién Mihéa Donvi

ol 0 1
Nong do dung moi ethanol X, % 30 50 70
Ty I dung moi/nguyén ligu X, viwo 300 35/1 4011
Thoi gian ngam X, gio 1 2 3

Céc thi nghiém dugc bd tri hoan toan ngiu nhién véi
15 thi nghiém, trong d6 c6 3 thi nghiém ¢ tdm. M6 hinh
dang toan phuong béc hai dugc xac dinh bang hoi quy da
bien.

Y=a,+taX +aX +aX, +a XX +a XX +a XX,

23772773
+a X2+a22X22+a X2

trong do: Y: ham luong polyphenol (mg GAE/g nguyen
ligu); a;: hé s6 hoi quy; a,, a,, a,: hé¢ s0 bacl a,a,,a, hé

sO tuong tac doi ting cap yéu t6; a,, a,,, a,: h¢ s6 bac 2

2.2.3. Phurong phdp thong ké: Cac s heu thi nghiém
dugc ghi nhan va biéu do dugc v& bang phan mém Microsoft
Excel 2010. Két qua danh gia sy khac biét c6 ¥ nghia gitra
cac mau thi nghiém bang phuong phap thong ké ANOVA
va kiém dinh LSD véi p<0,05 bang phan mém thong ké
Statgraphic XV. Thi nghiém m6 hinh t&i uu hoéa va s6 liéu,
biéu d6 dugc thiét ké bang phan mém Minitab 18.
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3. Két qua va ban luan

3.1. Anh hwong ciia cic yéu to6 don dén ham lwong
polyphenol

Anh huéng cta cic loai dung méi dén kha ning tach
chiét polyphenol trong hat cay cau dugc thé hién ¢ hinh 1A.
Trong 9 dung moi khao sat, ham luong polyphenol dugc
trich ly bang dung méi ethanol & ndng do ethanol 30-50%
tang lan luot tir 64,40 dén 70,58 mg GAE/g nguyén liéu,
tiép tuc ting ndng d¢ ethanol tir 70 dén 90% thi ham lugng
polyphenol giam lan luot tir 69,09 dén 65,83 mg GAE/g
nguyén liéu. Tuong tu, dung madi methanol ¢6 hi¢u qua trich
ly polyphenol tang tir nong d6 dung méi 30 dén 70% (58,72-
68,83 mg GAE/g nguyén lidu) va tiép tuc ting ndng do
dung moi dén 90% thi ham lugng polyphenol giam. Trong
cac dung moi khao sat, ham lugng polyphenol & dung moi
ethanol 50% la cao nhit va thip nhat khi tach bang nudc
(35,17 mg GAE/g nguyén liéu). Do d6, dung moi ethanol
cod néng do 50% duogc chon cho cac thi nghi¢m tiép theo.
Két qua nay phu hop voi mot 5O nghién ctru da chung minh
ham lugng polyphenol dugc thu nhan cao trong dung moéi
phan cyc methanol/ethanol véi nude hon trong dung moi
methanol/ethanol tuyét dbi [21-23].

(4) 80

o 0909 g5a3 0883

Ham lwgng polyphenol
(mg GAE/g)

Nuéc E30%  ES50%  E70%  E90%  M30% MS50% M70%  M90%

Nong do dung méi

(B) £ o © 81

80,5 1 FE

o
S

79,5 1

= >

(mg GAE/g)
2B
= B

77,5 1

- o =
S
-

3

Ham luong polyphenol

Ham lwong polyphenol
(mg GAE/g)

25/1

30/1

35/1 76,5

2gi0 4gio 6gio 8giv
T§ 1 DM/NL Bo N0 DEO T8
(viw)

Thoi gian ngdm

Hinh 1. Ham lweng polyphenol trong hat cay cau dworc ly trich & céc diéu
kién don. (A) Anh hudng clia néng do dung méi dén ham lwgng polyphenol;
(B) Anh hwéng cia ty 1& nguyén liéu/dung méi dén ham lwong polyphenol; (C)
Anh huéng clia thoi gian ngam dén ham lvong polyphenol. Cac gia tri theo sau
b&i cac chir cai gidng nhau khac biét khdng c6 y nghia thdng ké & mirc a=0,05
béng trdc nghiém phan hang LSD.
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Ty 1¢ dung méi va nguyén liéu 1a mot trong nhitng yéu
t6 quan trong trong tdi vu héa quy trinh thu nhan hoat chét
thyuc vat. Két qua ¢ hinh 1B cho thay, ham lugng polyphenol
tang dan tir ty 16 DM/NL (v/w) la 25/1 dén 35/1, gia tri
tuong Ung ting tir 74,14 dén 80,26 mg GAE/g nguyén liéu
va co y nghia thong ké (p<0,05). Tuy nhién, khi ting ty 1&
DM/NL tir 35/1 dén 45/1 ham luong polyphenol khong co
su khac biét so voi cac ty 1€ (p>0,05). Do vay, ty 1¢ DM/NL
duoc chon cho cac thi nghi¢m tdi wu tiép theo 1a 35/1 (v/iw).

Két qua anh hudng cua thoi gian ngdm dén ham luong
polyphenol trich ly tir hat ciy cau duoc thé hién ¢ hinh 1C
cho thdy, khi ting thoi gian ngam tir 2 dén 8 gio thi ham
luong polyphenol giam tir 80,62 xudng 78,15 mg GAE/g
nguyén lidu va c6 su khac biét c6 ¥ nghia thong ké (p<0,05).
Két qua nay twong ung voi két qua trong nghién ciru cia
T.N.H. Lai va cs (2014) [24] 1 qua trinh chiét xuat kéo dai
hon & mirc 120 phut c6 thé din dén qua trinh 6xy hoa hodc
phan hity hop chét phenol do tiép xtic véi anh sang, oxy
hodc nhiét do cao. Do vay, mbc thoi gian 2 gio dugc chon 1a
thoi gian ngam thich hop cho cac thi nghiém tiép theo trong
t6i uu hoa

3.2. Téi wu qud trinh thu nhén polyphenol ti hat cdy
cau

Duya vao két qua khao sat anh huong dén ham luong
polyphenol ctia 3 yéu t6 don, dung méi ethanol (X)) 30 dén
70% dugc chon, ty 1€ DM/NL (v/w) (X)) tir 30 dén 40 va
thoi gian ngam (gio) (X,) tir | dén 3 gio dé toi wu quy trinh
trich ly polyphenol trong hat cau. Cac nghiém thuc thiét
ké dugc dua vao phﬁn mém Minitab 18 theo mé hinh Box-
Behnken va cac muc thi nghi¢m dugc trinh bay ¢ bang 2
v6i 3 nghiém thirc trung tim (nghiém thirc 13 dén 15). Két
qua & bang 2 cho thdy, trong 15 nghiém thirc, ham luong
polyphenol thu nhén tur hat cdy cau trong khoang 63,98
(nghiém thirc 7) dén 81,39 mg GAE/g vat liéu kho (nghiém
thitc 14). Ham luong polyphenol thu nhén dugc tur hat cay
cau trong 3 nghiém thtrc trung tim (nghiém thirc 13 dén 15)
cao nhét va c6 su khac biét co y nghia thong ké (p<0,05) so
sanh vai cac nghiém thic con lai.

Phén tich ANOVA da dugc thuc hién dé danh gia tac
dong cua cac yéu té don, su tuong tac giita cac yéu to va
murc d phu hgp cia mo hinh dy doan véi thyc nghiém dugc
thé hién ¢ bang 3. Két qua cho théy, ham lugng polyphenol
thu nhan dugc anh huong truc tiép boi 3 yéu td khao sat



Bang 2. Ma tran thiét ké thi nghiém Box-Behnken, s6 liéu thwc nghiém va

gia tri dw doan theo mé hinh.
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Bang 3. Y nghia théng ké clia cac hé s6 trong mé hinh thwe nghiém.

Ciic hé s6 Gia tri D) Iéch chuin t-value p-value
5 ., Tylé dungmoi/ Thoi gian R -
Nehiém Nong ﬂg nguyénlign  richly  Lomlueng polyphencl He sb ty do 80,64 051 158,56 0,000
g' ¢m  EtOH (%) (viw) (@i¥) (mg GAE/g nguyén li¢u)
thire X, 3,10 0,31 997 0,000
X, X, X, Thure nghi¢m Dy dodn X, 024 031 077 0477
1 30 30:1 2 68,87°+2,60 68,58
’ ’ ’ X, -1,27 0,31 -4,07 0,010
2 70 30:1 2 72,70%%0,12 73,50
X? -6,00 0,46 -13,09 0,000
3 30 40:1 2 68,58>+0,29 67,77
X} 3,36 0,46 -133 0,001
4 70 40:1 2 74,98+0,26 75,27
X;? -5,07 0,46 -11,07 0,000
5 30 35:1 1 67,86°+0,45 68,26
XX, 0,64 0,44 1,46 0,205
6 70 35:1 1 74,08°+0,28 73,40
XX, 0,54 0,44 1,22 0,278
7 30 35:1 3 63,98+0,20 64,66
XX, -1,11 0,44 2,53 0,053
8 70 35:1 3 72,35%+3,14 71,94
LA n 0/ \. VW - 40 |A RV . Ly
9 50 30:1 | 72.25%1,39 .1 X, nong d6 ethanol (%); X,: ty 1& DM/NL (viw); X,: thoi gian trich ly (gio).
10 50 40:1 1 74,4451 55 74,83 Tinh tuong thich ctia ham muc tiéu vadi thuc nghiém
11 50 30:1 3 72219117 71,82 duoc thé hién ¢ bang 4, gia tri xac sut p-value cia mo hinh
1 50 401 3 6995135 70,07 dat 0,000 (<0,05) cho thdy mé hinh ¢6 ¥ nghia thong ké. Hé
13 50 35:1 2 80,28%:4,56 80,64 Sé hél quy R2:97,62% cho théy mél quan hé cua cac yéu té
14 50 3511 ) $1.39:40,16 80,64 chiét suat voi hig¢u suat thu nhan polyphenol va mé hinh phu
= ) - 5 8025541 80,64 hop dé chiét xuat. H¢ so sai s6 cua md hinh (Lack of fit) c6

gié tri p-value dat 0,304 (>0,05) cho thdy mé hinh phu hop

Trong cung mot cot, cac g|a tri theo sau béi cac chiv cai giéng nhau khac biét

khéng cé y nghia théng ké & mirc a=0,05 béng trac nghiém phan hang LSD.

la nong dd ethanol (X)), ty 1¢ DM/NL
(X,) va thoi gian ngadm (X,). Tuy nhién,
cac yéu td khac nhau c6 xu huéng anh
huéng dén ham muc tiéu khac nhau.
Trong d6, khi ting ndng do dung moi
ethanol (X)) thi ham luong polyphenol
s& tang, nhung khi tiép tuc ting ndng do
ethanol (X ?) thi ham luong polyphenol
giam. Cac yéu to X, vaX, déu anh huong
tiéu cuc dén ham muc tiéu biéu dién ham
lugng polyphenol, do vay khi ting thoi
gian ngam va ty 1€ ngdm thi ham lugng
polyphenol thu nhan cang giam. Bén
canh do, cac cap yéu td tuong tac (X X,,
X X, va X,X,) khong ¢6 anh huéng dén
ham muc tiéu (p>0,05). Dua vao céac
két qua trén, phuong trinh hdi quy thuc
nghiém dugc xay dung la: Y = 80,64
+3,10X, - 1,27X, - 6,00X* - 3,66X* -
5,07X.7.
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(A)

40

T§ 18 DM/NL (v/w)
4

Nong dj dung méi ethanol (%)

v6i thue nghiém.

POLYPHENOL
< 70,0

W 700 - 725
725 - 750
750 - 715
71.5 - 80.0
- > 80.0

Thoi gian (gio)

40
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3,0
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|
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R
76
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™
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POLYPHENOL

<72
- 74
- 76
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Thi gian (gid)
£

=
v.n

30 32 34 36 38 40

Ty 16 DM/NL (v/w)

70

Nong dj dung méi ethanol (%)

POLYPHENOL
- < 65.0
M 650 - 67.5
W 575 - 700
M 00 - 725
W 725 - 750

750 - 715
M 775 - 800

> 80.0

Hinh 2. Twong quan gii¥a cac yéu t6 trong phwong trinh héi quy. (A) Tuong tac gitra ty 1& dung méi/
nguyén liéu va ndng do ethanol; (B) Twong tac giika ndng dd ethanol va thdi gian ngam chiét; (C) Twong
tac gita ty 18 DM/NL va thi gian ngam chiét.
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Bang 4. Phan tich phwong sai cho mé hinh thwe nghiém.

Ngubn Hésb  Téng binh T‘rung binh Gl e
tw do phuong binh phwong

Saiséciamohinh 3 3,047 1,016 2,44 0,304

Sai s6 ngiu nhién 2 0,833 0417

Téng s6 14 338,560

Su twong tic cia timg cip yéu té dén ham lugng
polyphenol duoc mé ta dudi dang d6 thi 2D trong hinh 2.
Biéu d6 bé mit dap ung giira ty 16 ngdm va ndng do ethanol
duoc thé hién & hinh 2A cho théy, tai néng d0 ethanol 30-
50% khi tang ty 1¢ ngam (v/w) & tat ca cac nong do s& lam
tang ham lugng polyphenol, tuy nhién khi tang ty 1¢ ngam
(v/w) tir 35/1 dén 40/1, & ndng d9 ethanol 50-70% ham lugng
polyphenol giam. Hinh 2B md ta sy anh huong cua nong do
ethanol va thoi gian ngam chiét dén ham luong polyphenol
thu nhan, tai mdc thoi gian xac dinh (1-3 gio), khi ting ndng
d6 dung moéi chiét 30-50% thi ham lugng polyphenol ting
va giam ¢ ndng do ethanol 50-70%. Su anh hudng cia ty
1¢ ngam va thoi gian ngam chiét ¢én ham lugng polyphenol
duoc thé hién ¢ hinh 2C, tai ty 1& ngdm nhat dinh, khi ting
thoi gian ngdm chiét 1-2 gio thi ham lugng polyphenol ting
va tiép tuc tang thoi gian chiét thi ham lwong polyphenol co
xu huéng giam do qua trinh 6xy héa xay ra trong dich chiét
khi thoi gian trich ly qua lau.

Cac diéu kién chiét suat ham lugng polyphenol trong hat
cdy cau toi vu dat dugc tir mo hinh véi nong do ethanol 1a
55,05%, ty 1€ ngdm (v/w) 35,35/1 va thoi gian ngam 1,88
gi0 thi gid tri ham lugng polyphenol ky vong 1a 81,12 mg
GAE/g nguyén liéu (hinh 3). Két qua kiém chung thuc
nghiém cac diéu kién tach chiét polyphenol tir hat ciy cau
cu thé nhu sau: néng d6 dung moi ethanol 55%, ty 1€ ngdm
(v/w)35/1 vathoi gian ngadm 2 gio thi ham lugng polyphenol
thuc té thu duoc 1a 80,72 mg GAE/g nguyén liéu.

Optimal oM i 16

High 700 400 10
D:03850 o [55.0505] [35.3535] [La75]
Predict Low 00 200 10

NN

POLYPHENOL
Masximum
y = BL1245
d = 038504

Hinh 3. Db thj biéu dién cac diém téi wu cla cac yéu té anh hwong dén
qua trinh trich ly polyphenol tir hat cau.

Vi cac diéu kién chiét suat ham lugng polyphenol trong
hat cdy cau toi1 uu thi ham lugng polyphenol dugc thu nhan
cao hon khi so sanh v6i két qua nghién ctru ciia R. Wang va
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cs (2021) [25] cho thdy, ham luong polyphenol duge trich
ly tir hat cay cau st dung phuong phép vi song 400 W trong
dung moi ethanol 50%, ty 1€ ngam 10/1 (v/w) trong 60 phut
0 45°C dat 57,92 mg GAE/g nguyén li¢u.

4. Két luan

Nghién ciru da xac dinh duoc cac yéu t6 dua vao mod
hinh t6i wu héa quy trinh trich ly ham lugng polyphenol
trong hat cdy cau 1a ndng d6 dung moi (X)), ty 1¢ dung moi/
nguyén li¢u (v/w) (X,) va thoi gian ngdm (X,). M6 hinh tbi
wu duge thé hién qua phuong trinh: Y = 80,64 + 3,10X, -
1,27X,- 6,00X - 3,66X . - 5,07X 2.

Ham lugng polyphenol trong hat cay cau dugc thu nhan
cao nhét 1 80,72 mg GAE/g nguyén liéu, vdi cac diéu kién
t6i wu nhu sau: ndong dd dung méi ethanol 55%, ty 1é ngdm
(v/w) 35/1 va thoi gian ngdm 2 gid. Két qua nay la tién dé
cho quy trinh thu nhan hgp chét polyphenol tir hat cau g
dung khang khuan trong ndng nghiép va y dugc.
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Ling dong lop phu vang trén bé mit mang PET
bang phwong phap phun xa magnetron

Nguyén Thi Thanh Lan, Pham H(“)ng Tuén, Nguyén Thanh Hop*
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Tom tit:

Phiin xa magnetron xung DC tin s6 100 kHz dwoc siv dung dé ling dong 16p phii vang trén bé mit mang polyethylene
terephthalate (PET) Tinh chit quang hoc ciia lép phi vang dwgc danh gia dua tren cac phep do phan Xa va truyen qua trén
may quang phd Jasco V-770/SLM-907. Phan tich quang pho cho biét thong tin vé mau sac, tap chit, cht lwong bé mit va do
day cia l6p phi. Thi nghiém phun xa tir bia tron, 1op kim loai vang c6 mau sic twong doi dong déu trong viing doi dién bia, do
day >60 nm, dién tré <6 Q. Tinh chét dj day ciia 16p phii vang giam dan vé phia xa trung tdm c6 anh hwong dén cac tinh chat
vat Iy khac, do vy cin dwgc quan tAm va sir dung dé tinh toan khi phii mang trén dién tich 16n. Lép phii vang ché tao vugt qua
cac phép thir vé dd bam dinh, d9 bén ma sat va d9 bén véi tac nhan 1am sach, phit hop cho cac ing dung trong cong nghiép va
doi song nhwr trang tri hodc ché tao dién cwe cho cim bién sinh hoc va linh kién dién tir.

Tir khéa: 16p phii vang, mang composite kim loai - polymer, mang PET, mau sic mang mong vang, phiin xa magnetron xung DC.

Chi 56 phén logi: 2.5

1. M6 dau

Mang PET la mét trong nhitng polymer dugc ding phd
bién dé 1am nén cho 16p phi kim loai. Tlly vao cong thirc san
Xudt, mang co thé & dang v6 dinh hinh hodc ban tinh thé [1],
gilt dugc cac déc tinh co hoc t6t & nhiét do 1én toi 175°C véi
d co ngot nhiét thap [2]. Mang PET quang hoc c¢6 do bong
va dg trong sudt cao, bé mat co thé di duge xur ly b@“mg mdt s6
phuong phéap nhu plasma, tinh dién corona hodc phu primer,
nham giam khuyét tat bé mit va didu khién do bam dinh véi
cac 16p phu chirc niang khac, sir dung nhiéu trong nganh cong
nghiép man hinh, pin mét troi hitu co [3].

Vang 1 kim loai quy véi mau sic dep, dién tré nho, dan
nhiét tt va tinh tro hoa hoc cao. Sy két hop gitra kim loai vang
voi mang polymer dan téi nhiéu img dung trong doi sdng, dién
hinh 12 linh vuc dién t nhu ché tao mang chén nhiéu dién tu,
dién cuc cho céc kit xét nghiém nhanh tai chd, cam bién sinh
hoc, cam bién 4m thanh [4-6], hay linh vuc trang tri (ché tac
tranh my ngh¢).

V& cong nghé ché tao, phu kim loai trén mang polymer c¢6
nhimg dic trung riéng so voi cac loai dé khac do tinh chat hai
vat liéu khong tuong dong [7]. DO bén ciia 16p phu kim loai
trén dé polymer phy thudc vao qué trinh tién xtr Iy bé mat va
k¥ thuat le’ing dong. Vi tao dugc mang chat lugng tot, phtn xa
magnetron 13 lya chon chinh trong nhiéu nghién ctru va san
Xuat thuong mai. Phuong phép nay it gy anh hudng nhiét 1én
dé hon so v&i phuong phép bdc bay. Pdng thdi nho c6 ning
lugng tir plasma, d6 bam dinh, d9 bén cua 16p phu t6t hon va co
thé phu trén dién tich rong [8, 9]. Cac polymer chiu nhiét kém,

*Tac gia lién h¢: Email: thanhhop83@gmail.com
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& nhiét do cao mang polymer sé& tiét oligomer va bién dang
[10], do d6 can duy tri nhiét d6 thap trong qua trinh ling dong
thong qua 1am mat dé hodc kiém soét thong s cong nghé (ap
suit, cong sudt, khoang cach ga, toc do va thoi gian ling dong).
Nghién ctru ndy tap trung vao viéc tim bo thong sd thich hop dé
ling dong 16p phii vang ¢6 do bén bam tot, mau sic dong déu,
hudng dén tmg dung trong cong nghiép va doi song.

2, Thuc nghiém

Bia vang c6 kich thuéc @100x0,1 mm, do tinh khiét
99,99%; do chiéu day mong va co tinh yéu nén dugc dan trén
tam nén trg lyc bang dong do kich thude @100x9 mm bang 16p
keo carbon c6 tinh dan nhiét, dan dién tét (hinh 1). Trong qua
trinh phtin xa, bia dugc giai nhiét thong qua viéc cho nudc 1am
mat tiép xdc truc tiép véi mit sau clia tim nén nay. Cap dién
cho d4u phun xa magnetron bang ngudn dién xung DC Pinacle®
Plus (M¥). Tan sé xung 100 kHz cho phép d& dang khoi phat
qua trinh phtin xa va han ché hién tugng ho quang. Dé 1a mang
PET Lumirror T60, kich thudc 150x150 mm dat cach bia mot
khoang 100+150 mm, dugc lam sach bang dung moi diethyl
ether va tranh tiép xtic v6i cac nguon gay bui. Chiéu day mang
va toe do léng dong duogc kiém soat boi bd cong hudng dao
dong thach anh XTC/2 (Inficion, Inc, M¥). Qua trinh phu kim
loai trén bé mat polymer dién ra trong diéu kién khong gia
nhiét. Mit khéc, do tinh nhay nhiét, can duy tri nhiét d6 ling
dong thap dé tranh bién dang. Tac nhan lam tang nhiét do dé
bao gf")m nhiét bt xa tir dau phtn xa va nhiét chuyén doi trang
thai cua cac phan tr lang dong. Kiém soat nhiét do boi cap
nhiét dién loai K, dugc dit canh dé, xac dinh nhiét d¢ trudc va
ngay sau qua trinh phu.

o4
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Deposition of gold on a PET film
by pulsed DC magnetron sputtering
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Abstract:

Pulsed DC magnetron sputtering was employed to deposit
gold onto polyethylene terephthalate (PET) film. The optical
properties of the gold coating were evaluated through
reflectance and transmittance measurements using a Jasco
V-770/SLM-907 spectrophotometer. Spectral analysis
provides information about the colour, impurities, surface
quality, and coating thickness. In sputtering experiments
with a circular target, the gold coating exhibits a relatively
uniform colour in the area opposite the target, with a
thickness (df) greater than 60 nm and a resistance lower than
6 Q. The coating thickness gradually decreases away from
the center, therefore affecting other physical properties,
so it should be considered and used for calculations when
coating on a large substrate. The fabricated gold coating
passes tests for adhesion, friction resistance and resistance
to cleaning agents, making it suitable for industrial and
daily applications such as decoration or making electrodes
for biosensors and electronic components.

Keywords: colour of gold thin film, gold coating, metal-
polymer composite membrane, PET film, pulsed DC
magnetron sputtering.

Classification number: 2.5

Bia vang
T 7
=~ XKEO dan

Tam dong

Hinh 1. Dan bia vang dé lap dat trén dau phin xa magnetron.

Tru6ce khi sir dung bia vang, phun xa crom va dong dugc
thue hién nham xéc dinh cac thong s6 hoat dong cua dau phtn
xa bao gom dién ap, dong dién, ap suat khi tro, sao cho 16p
phu kim loai ling dong tren mang polymer dat d§ bam dinh
tt, gitr dwoc mau sic von co cuia kim loai, toe do ling dong
nhanh, mang polymer it chiu anh hudng nhiét tir vat lidu ling
dong va ngudn phin xa. Két qua cho thiy plasma dwoc kich
hoat ¢ ap suét khoang 1 Pa, dién ap 400 V. Sau khi kich hoat,
giam luu luong khi va dién ap vé gia tri phit hop. Phun xa
hoat dong on dinh véi toe do lang dong hiéu qua ¢ ap suat
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0,3+0,5 Pa, dién ap 300+400 V. Téc do léng dong giam manh
khi khoang cach bia - dé ting 1én. Trong khoang thoi gian
ling dong, nhiét do dé polymer duy tri duéi ngudng 100°C va
mang khong bi bién dang boi nhiét.

3. Két qua va ban luan
3.1. Phin bé do day cia I6p phii vang

Doi voi 16p phii xuyén sang, do truyén qua phy thude vao chicu
day. Pho truyén qua va phan xa chira thong tin vé chiéu day, do d6
phan tich tric quang 1a mot trong nhig phuong phap hitu ich aé
x4c dinh chiéu day thyc ciia mang mong quang hoc, bao gom ca
mang giao thoa va mang hép thy.

Lép phu vang duoc lang dong & khoang céch bia dén dé 1a 120
mm, cong sut phin xa 0,17 kW, thoi gian ling dong 95 gidy. Hinh
2 1a phd truyén qua cua hé mang Au/PET do tai céc vi tri khic
nhau. Phép do duogc thyc hién trén may quang phd Jasco V-770.

11
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Hinh 2. Phé truyén qua cua I&p phii vang tai céc v tri cach tryc déi xirng
cua bia ttr 0-75 mm, hinh thu nhé la dinh truyén qua ctia cac I1&p phu vang
va dong c6 chiéu day gan bang nhau.

Tir phd truyén qua, can ctr vao do truyén qua & budc song 800
nm, udc tinh chiéu day 16p phu bing phan mém thiét ké mang mong
quang hoc. Do truyén qua tang va dinh truyén qua dich chuyén do
khi chiéu day giam. Két qua ¢ bang 1 va hinh 3A thé hién sy thay
doi chiéu day theo cac vi tri lang dong khac nhau tinh tir tryc tim
ctia bia (ky hidu x), chidu day mang phan b6 theo ham Gauss.

Bang 1. Chiéu day cua Iép phu vang d, tai nhirng vi tri cach tam moét
khoang x va gia tri chuan héa.

X (mm) d, (nm) Chuén héa
10 85,5 1

20 82,5 097

30 79 0,92

40 7 0,85

50 65 0,76

60 57 0,67

70 50 0,59

75 46 0,54
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Hinh 3. Phan bé d day cta I&p phi vang véi khoang cach bia dén dé 120
mm (A) va mau truyén qua cta mau Au/PET chiéu sang dwéi den LED
khuéch tan (B).

Hinh 3B cho thdy tinh chit xuyén sing ciia hé¢ mang
Aw/PET. D6 day ctia 16p phii vang ¢ vi tri trung tam 1a 16n nhat,
giam dan vé phia xa trung tim, twong (mg véi chidu gia ting
ctia mirc do xuyén sang. Vi khoang cach bia dén dé 120 mm,
ché d tinh, dwong kinh ciia ving cho mau sic twong dbi dong
déu xap xi 120 mm. Trong ving nay, do day trung binh ctia 16p
phu dugc tinh nhu sau:

Z:l i =71nm

trong d6 S la dién tich tuong tmg v6i d6 day d, S, 1a dién tich
tong cong. Chénh léch do day so véi gia tri trung binh nim
trong khoang 20%.

Chénh léch do day so véi gid tri trung binh nim trong
khoang 20%.

3.2. Pdnh gid mau sic cia I6p phii vang

Lép phu vang khong xuyén sang khi do truyén qua T=0 &
tat ca cac budc song trong vung nhin thiy, twong dwong véi
chiéu day dat khoang 200 nm. Dudi 100 nm, sy xuyén sang co
thé quan sat d& dang du6i anh dén, truyén qua 1a mau xanh lam
(mau bu cua mau phan xa). Khi du day, 16p pht c6 mau vang
kim ryc rd twong tu nhu vat liu khdi.

Mau sic va cac gia tri 3 kich thich (X, Y, Z) thay d6i nhanh
chong khi chidu day cua 16p phi <60 nm cing v6i mic do
xuyén sang tang nhanh. Mit khéc, cac thong s quang hoc cta
16p phu ciing thay doi dang ké & chiéu day nho [11, 12] phu
thudc vao phuong phap va thong sb phi, cing v6i nhimg hiéu
ung quang hoc khéc & kich thudc nano.

200 nm 100 nm 80 nm 60 nm 50 nm 40 nm 20 nm

X=81,6765 X=81,4703 X=80,9509 X=78,9364 X=76,3187 X=71,3050  X=45,7566
Y=79,8182  Y=795768  Y=787941  Y=759320  Y=72,5350  Y=66,5619  Y=40,4102
72330768  Z=332646  Z=337863  Z=344741  7=342014  2=32,0354  7=23,1620
1"=91,6032  L'=91,4946  L'=91,140 1'=80,8277  1'=88,2276  L'=852822  |’=60.7607
a'=8,0487  a'=8,1194 2'=8,6395 a'=10,3650  2'=12,0470  a'=14.4113  '=19,3227
b*=37,0970  b'=37,5312  b'=36,1528  b'=32,8871  b'=30,3929  b'=27.3093  b=16,8590

Hinh 4. Mau séc cua I&p phii vang thay dbi theo chiéu day trén ly thuyét.
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Hinh 4 m6 ta mau phan xa cta 16p phu thay doi theo chiéu
day, tinh toan trén phan mém thiét ké quang hoc véi thong
s6 dau vao tham khao tir nghién ctru cua K.M. McPeak va cs
(2015) [13] (nguon sang tidu chuan ISO 9845-1, khong phan
cuc, goc toi 10°, quan sat theo ti€u chuan CIE 1964). Chiéu
day giam dong nghia voi do sang L* giam, mau sic thay doi
tir vang cam nhat sang tong mau t6i hon. Trong hé toa d6 mau
L*a*b*, khi chiéu day 16p phu gidm, bién do sang L* giam, cac
bién sic do a* ting va b* giam, trong (g mau sic thay doi dan
tir vang cam nhat sang tong mau do va tbi hon.

Mau sic ctia 16p phit vang dugc danh gia dua trén phd phan
xa do trén may quang phd Jasco V-770/SLM-907. Phd phén xa
ctia mau dugc chudn v6i bé mit silic danh bong, dit li¢u phan
xa ciia bé mit silic tham khao theo M.A. Green (2008) [14].
Kim loai vang hip thu ¢ budc séng ngan dudi 500 nm, do hai
chuyén mirc lién ving cta dién tr 6 330 va 470 nm. Do ving
xanh lam - tim bi cat va phan xa manh ¢ ving con lai cta quang
phé kha kién nén vt liéu c6 mau vang anh kim. Cac tham s0
mau ctia 16p phu theo tinh toan thé hién ¢ hinh 5.

100

90+

¥ 80+

g' Au 85 nm Au 85 nm

= 704 (ly thuyet) (do)

'_g X=2811476 X=751360

g: 60 4 Y =79.0025 Y=727277

[n] Z=33.6189 Z=354336
50 L*=912761 L*=883177

a*=8.4380 a*=9.2635
40 b* =36.6313 b* =28.9083
AE:*=831

30 T T T T T T T
400 450 500 550 600 650 700 750 800

Bwdéc song (nm)

Hinh 5. Phé phan xa ctia mau mang PET pha 85 nm vang theo tinh toan

va mau ché tao.

Nguyén nhan chénh léch mau sic cia mau ché tao ¢6 thé do
1an tap chat kim loai dong 1am tdm nén (dinh truyén qua dich
chuyén do tir 502 dén 511 nm (hinh 2), d6 bong bé mat PET
thap hon ciing anh huong dén két qua do phan xa.

3.3. Tinh dén di¢n

Dién tro duge do trén mau kich thude 10x10 mm? voi hai
dau do, gié tri thu duoc thay doi tir 4,0 dén 5,8 Q trén ving dién
tich 120 mm, dién tro tang theo chiéu giam cua do day tir trong
ra ngoai. O d6 day nay chua co sy thay doi dang ké cua dién tro
suat do gi6i han kich thudc.

3.4. Kiém tra d bén ciia l6p phii

Cac phép thu dugc thuc hién bao gf")m kiém tra d6 bam
dinh, kiém tra d6 bén ma sat va do bén voi tac nhan lam sach,
chi tiét thé hién ¢ bang 2 va hinh 6.
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Bang 2. Danh gia dé bén cua I&p phu dwéi tac dong co hoc, nhiét do va
héa chat.

Kiém tra g bén Két qua
o Thye hién ¢ nhiét do Lap phu khong bi bong, xudt
2 R b phong hign cac 18 kim nho ¢ pm
Kiém tra do bang dinh Scotch - T
bam dinh 600, gift theo phuong  Sau khi sdy ¢ 150°C Mang PET tr nén mém &
1201800 trone 30 phit T>105°C, tinh bam dinh
Sha Khong thay d6i
Thh“ ‘l‘)‘?i IT{“’“P?g Thchfnontitdh
Kifm tra d t‘ 1etL 1 mal Vol au' phong Op? u Vang Ol?g 1 l0al )
N ) ty bang vai cotton, p b0, 10 kim nho, xwdc to do do
bén ma sat . o . sk
Iyc ty 4,5 Nlem?, di Sau khi sdy 0 150°C cimg nén thap
chuyén 25 chu ky trong 30 pht
. 3 mit bine cb Thyc hién ¢ nhigt do
Kiém tra do L? ube n.lf'n bang:c o i Lap phu vang khong bj loai
. va ete, kiem tra 1 phong T S .
bén voi tac Kim dusi dnh dén R b0, 16 kim nho, xudc to do do
shén 1am sach R Smkhisay S1S0C o b il
khugch tan trong 30 phu{

Hinh 6. Mau mang PET pha vang va dung cu quan sat trong danh gia do
bén.

4. Két luan

Nghién ciru da tim dwoc bo thong s phu hop dé phi kim
loai vang trén nén polymer PET bang phuong phap phun xa
magnetron xung DC: khoang céch bia dén dé 100+150 mm,
dién 4p phun xa 300-400 V, ap sudt 0,3+0,5 Pa, toc d¢ ling
dong 6,5+9 A/s, chiéu day 16p phu vang >60 nm trong viing
dién tich twong duong kich thudc bia. Phan bb do day 16p phu
vang duoc xac dinh ddi voi trudng hop ling dong tir bia tron,
dé dtng yén 1a phan bd Gauss. L6p kim loai vang c6 mau sic
twong d6i dong déu trong ving ®120 mm, do bén va do bam
dinh tét, dién tr nho. Két qua nghién ctru ¢6 kha ning tmg
dung dé phu vang trén cac chi tiét co kich thudc nho dung cho
trang tri, hodc ché tao dién cuc cho cam bién sinh hoc va linh
kién dién tur.
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Khao sat anh hwong cua cong nghé toi laser
t61 df cing va cau tric té vi ciia thép P18

Nguyén Vin Thanh’, Nguyén Thanh Hop, Nguyén Duy Dén
Vién Ung dung Cong nghé, 25 Lé Thanh Tong, phwong Phan Chu Trinh, qudn Hoan Kiém, Ha Ngi, Viét Nam
Ngay nhan bai 18/7/2023; ngay chuyén phan bién 21/7/2023; ngay nhan phan bién 7/8/2023; ngay chip nhan dang 10/8/2023

Tom tit:

Bai bdo gi¢i thi¢u cong ngh¢ tdi laser va trinh bay két qua khio sat dd cing, cdu triic té vi cia miu thép P18 sau
khi toi laser. Cong nghé téi laser cé wu diém chinh xac, han ché cong vénh, tiét kiém niing lwgng va thén thién voi
moi treong so voi cac cong nghé toi truyen thong Miu thep P18 ¢6 kich thuwéc 022x20 mm dwgc mai qua ¢ cac glay
nham #240, 400, 600, 1000 va 1200 trwoce khi toi (truyen thong va laser). Nghién ciru 4nh hu’(rng cia cong suét nguon
toi laser va cong nghé toi truyen thong (nung noéng thep trong 16 dién tré va lam ngudi trong dau) dén do cing va to
chire té vi ciia thép P18. T6 chirc té vi va dd cirng té vi cia mau lan lwot dwge xac dinh bang kinh hién vi quang hoc
Axiovert 40 MAT va may do d¢ cirng té vi FM-700e. P9 cirng miu sau toi voi cong sudt ngudn laser 300, 500, 700 va
900 W twong \rng 1an lwgt 12 280, 450, 940 va 1050 HV, v do cing mau toi truyen thong 12 650 HV . Tir anh hién vi
quang hoc mau thep sau toi laser, quan sat thay ving sang mau va tdi mau lan lwgt twong irng VO’l Vung c6 d¢ cing
cao va vung chuyen tlep c6 do cirng thap hon trong két qua do d§ cirng té vi.

Tir khéa: nhiét luyén, thép P18, tdi laser, xir Iy bé mit.
Chi 56 phin loai: 2.5

1. Dat van de phin s Lsvnin | —
cao Pén flash cuebp
‘Trong qud trinh san xuét co khi, nhiét luyén thuong la khau [1T_11 oo
B)
cudi cung va quyét dinh dén chét lugng san pham. Qua trinh nhiét T Tinh thé Nd:-YAG
lanh
luyén dugc thyuc hi¢n bang cach nung nong chi tiét dén nhiét do — e Chim tn hser

) Thiu kinh hdi tu

Dén flash

chuyén bién thanh ph?ln pha cta ‘thép, sau do lam ngudi nhanh o

trong moi truong phu hop (nudc, dau, khinén...) [1]. Sau qua trinh | Cong huomg quang hoe
nhiét luyén, céu tric cua thép thay d6i so vdi cAu truc ban dau, dan
t6i co tinh (49 ctmg, bén...) cta thép duoc nang cao. Cong nghé
nhiét luyén truyén théng nhu t6i nudc, t6i dau, khi nén... ¢ nhiing

B\

Miu tbi

Khi
bao
vé

Bin XY

=

Diéu khién
CNC

1
t Dongco [

han ché nhu: c6 thé giy cong vénh, sai léch kich thudc, thoi gian
qua trinh kéo dai [2].

Trong linh vyc xir Iy bé mit, laser di dugc Gmg dung trong
cong ngh¢ toi laser [3]. Chum tia laser c6 nang lugng cao dugc
quét trén bé mit chi tiét, nung nong bé mat chi tiét dén nhiét do
trén nhi¢t do austenit hoa, khi tia laser di qua, bé mit chi tiét Xay ra
qué trinh giam nhiét do truyén nhiét vao thé tich vat toi (con goi la
tur t01), két qua dan dén hinh thanh t6 chirc mactenxit véi o cimg
cao [3]. Cong nghé toi laser dwgc nghién ctru va tmg dung 1an dau
tir nhitng nam 1970 [4].

Nguon laser khi CO, v6i cong sudt 2-5 kW duogc img dung dau
tién de toi laser cho thép, vdi hé so hap thu nang luong tia laser dat
td1 60-70%. Nam 2004, laser diode nang luong cao da dugc ng
dung dé toi thép [4-7]. Ngoai thép va gang thi toi laser dang duoc
nghién ctru tmg dung cho nhiéu loai vét liéu khac. So dd céu tric
mot hé thong toi laser dugc thé hién & hinh 1.

*Tac gia lién h¢: Email: thanhmaterial@gmail.com
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Hinh 1. M6 hinh t6i laser [2].

Trong cong nghé toi truyén thong, ca khdi chi tiét duoc nung
néng trong 10 rdi lam ngudi trong nudc, trong dau, khi nén..
Nguoc lai, cong nghé toi laser cho phép lua chon chinh xac vung
can 61, vi du chan rang trong banh ring, phin ludi cua mili dao
tién... Do d6, cong nghé nhiét luyén mai nay gitp tiét kidm thoi
gian va niang luong, khong gy cong vénh chi tiét sau toi va 1a cong
nghé than thién vi moi truong.

Dé toi duogc thép, chiim tia laser can phai nang nhiét cta ving
thép t6i nhiét o austenit hoa, ddy 1a nhiét do xay ra chuyén bién
pha ferrit thanh austenit ctia thép. Ham bién d6i nhiét d¢ trong qua
trinh nung nong boi chiim laser dugc thé hién trong cong thirc sau:

T (1, 7, T) = —rabs f
pca(4na)2

z? r?

1
(t+ '[f)\/? exp(_E B 4a(t+ Tf))dT (1)

trong do: T (r, z, t) 12 ham cta nhi¢t do theo ban kinh ving nung
néng r va chiéu sau ving tuong tac z, nung nong trong khoang
thoi gian 1; P, la cong suét cua tia hap thy; 7, 1a thoi gian can
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Van Thanh Nguyen®, Thanh Hop Nguyen, Duy Dan Nguyen

National Center for Technological Progress,
25 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam

Received 18 July 2023; revised 7 August 2023; accepted 10 August 2023
Abstract:

The article introduces laser quenching technology and presents
the results of surveying the hardness and microstructure of P18
steel sample after laser quenching. Laser quenching is a new
candidate technique for having precise heat treatment, limiting
warping, saving energy, and being environmentally friendly
compared to traditional quenching. Before quenching samples
(laser quenching or normal quenching), the $22 mm diameter x
20 mm thickness samples were sequentially ground by abrasive
papers with a grit size of #240, 400, 600, 1000, and 1200. This study
aimed to investigate the influence of laser quenching power and
traditional quenching on the hardness and microstructure of P18
steel... The microstructure and microhardness were observed by
the Axiovert 40 MAT optical microscope and the Future Tech Corp
FM-700e hardness tester, respectively. The results showed that the
quenched sample hardness with a laser source power of 300, 500,
700, and 900 W are 280, 450, 940, and 1050 HV , respectively,
and compared to the traditional harden, it only reaches 650 HV .
Observation of the microstructure of the laser-hardened sample in
cross-section, including a bright white high-hardness region and a
dark transition region.

Keywords: heat treatment, laser quenching, P18 steel, surface
treatment.

Classification number: 2.5

thiét dé nhiét truyén den khoang céc r, (t=r/4a); r.1a khodng cach
tir chim tia tir cong suat giam xubng l/e cua gia tr1 16 nhat truc
chum tia; z la toa d§ vudng goc véi bé mat vat liéu theo hudng
nung nong; r 1a ban kinh toa dg, vuong goc vai toa df z; ¢ 1a nhiét
dung riéng cta vat liéu; p 1a khbi luong riéng cua vat li¢u; a 1a h¢
s6 dan nhiét cua vat lidu.

Trong thyc té t0i laser, qua trinh nung nong bang mot chim tia
¢b dinh 14 hiém gap. Thong thuong chum tia laser hodc bé mat vat
liéu dugc dich chuyén voi mot van toc v cho trude. Trong trudng
hop nay nhiét d6 nung nong dugc mo ta bang phuong trinh phan
b6 nhiét do trong mat phang, doc theo truc x, dung voi phin bd
Gausian cua mat d6 cong suat cua chum tia:

Tz 1) =T+

Pabs exp {_ [ Z—1Z + }
1
2mu[t(t + 17)] f2 dat  da(t+Tp)
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trong do: T 1a nhiét do moi truong; A 13 hé s dan nhiét; v 1a toc
do di chuyen chum tia; z 1a toa dg cao; z, la chidu sau cua nhiét
tham nhap vao vat liéu trong qua trinh chum tia laser hoat dong
trong thoi gian r:rL/v; x la toa d9 vudng goc véi toa d9 z, phu hop
v6i hudng di chuyén clia chum tia.

Trong qua trinh t6i thép, nhiét d¢ 1a thong 56 cong ngh¢ quan
trong nhét anh hudng téi cdu triic va tinh chit cua thép sau toi.
Thir nhét, dé t6i duoc thép thi cin nung thép dén nhiét do austenit
héa, ddy 1 nhiét do xay ra chuyén bién pha ferrit thanh austenit.
Thit hai, tbe d 1am ngudi phai dii 16n dé pha ferrit chuyén thanh
mactenxit. Do do, tily vao diéu kién i laser ma cdu tric ving
duogc t0i ¢6 thé xuat hién thanh phan pha khac nhau. Dudi tac
dung cua nhiét d§ do chum laser cung cép, qua trinh nung nong
cuc b va toi thép cuc bd xay ra. Thong s0 dugc st dung dé diéu
khién qué trinh t6i laser chinh gdm co cong sudt ngudn P va
toc do di chuyen ctia chiim tia v. Phan b nhiét do trong vung to1
laser dugc thé hién nhu hinh 2.
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Hinh 2. Phan bé nhiét dé trong viing tdi laser theo mit cét ngang cua
mau [3].

Maic du cong nghé toi laser da dugc tng dung rong rai tai
cac nudc phat trién, nhung & Viét Nam cong nghé nay van chua
dwoc mg dung vao nghién ciru va san xuat. Do d6, can co
nhimg khao sat va nghién ciru dé dua cong nghé nay vao san
xuat.

2. Doi tugng va phuong phap nghién ciiu
2.1. Péi twong

Thanh thép P18 c6 kich thudc 322x400 mm ban diu duge
cat thanh cac mau thép c6 kich thude @22x20 mm. Mau thép
trudc khi t6i laser duoc phan tich thanh phan quang phd phat
xa ARL3460 dé kiém tra thanh phan méc thép. Mau dugc mai
lan luot qua cac giéy nham #240, 400, 600, 1000 va 1200 trudce
khi i (truyén thong va laser). Ky hiéu miu thép & trang thai
cung cap 1a CC.

2.2. Thwee nghiém téi mdu

T6i thé tich mau thép trong 16 nung dién tro co khi bao vé
theo quy trinh ¢ hinh 3.
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Hinh 3. Quy trinh tdi thé tich mau thép P18.

Ky hiéu miu thép toi truyén théng nhu quy trinh & hinh
31aTT.

St dung thiét bi laser fiber Model AKW-F1000W/CAS
v6i cong suat toi da 8000 W véi ché do lién tuc. St dung
cong suat 300, 500, 700 va 900 W dé toi mau voi khoang
cach ¢ dinh tir mau dén dau t6i laser 1a 300 mm, thoi gian toi
120 giay. Ky hiéu mau toi laser twong tng véi cong suat 300,
500, 700 va 900 W lan lugt 1a LS0,3, LS0,5, LS0,7 va LS0,9.

2.3. Po dac va phén tich mdu truée va sau toi

Thanh phin méc thép mau dugc phan tich bang may
quang phd phat xa ARL 3460 cua Vién Cong nghé, Bo Cong
Thuong. Do cimg bé mit miu trude va sau toi duge do bang
may FM-700e v6i thang do HV | (Vicker), tai trong 100 g.
Mau sau t6i laser dugc mai va danh bong theo mat cdt ngang,
sir dung kinh hién vi quang hoc Axiovert 40 MAT dé xac dinh
cu tric té vi ving mau t6i laser. Ngoai ra, nghién ctru ciing
st dung may do d cung HRC (Hardness rockwell C) va céac
thiét bi phu tro dé thyc hién qua trinh gia cdng mau khac.

3. Két qua va ban luan

Mau nghién ctru ¢6 thanh phan phan trim nguyén t6 chinh
lan luot 12 0,81C, 4,05Cr, 0,34Si, 0,30Mn, 18,02W, 0,72Mo,
1,02V-Fe (con lai). Két qua cho thay, mau thép sir dung co
thanh phan tuong duong véi mac thép P18 theo tiéu chudn
Nga GOST19265-73.

Hinh 4 thé hién mat cét ngang mau sau toi laser (4A),
gdm vung vat lidu da dugc toi (4B) va nén thép chua duoc toi
(4C). Quan sat bang mit thuong co thé thdy, ving t6i laser
gdm hai viing, ngoai bé mat 1a ving sang mau ¢ do cling cao
va ving chuyén tiép ti mau c6 d¢ ctng thap hon. Trong khi
d6, nén thép chua t6i gdm cacbit hop kim va nén ferrit.

&EOH?\IAG NGHE 65(10DB) 10.2023
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Hinh 4. Hinh anh mAu téi laser thép P18 véi cong suat 0,7 kW (LSO 7), thoi
gian twong tac gilra chiim laser va bé miat mau 120 giay. (A) Mt cat ngang
mau; (B) Viing mau ngoai cuing toi laser; (C) Nén thép ban dau.

So sanh cu triic miu toi laser va toi truyén thong c6 thé
thdy t6 chirc mau toi truyén thong ddng nhat tir b& mit vao 15i.
Nguyén nhan trong cong nghé toi truyén thong toan bg thé tich
mau dwogc nung nong va lam ngudi. Trong khi do, trong cong
nghé t6i laser chi mot vung vat li¢u sat bé mat dugce nung nong
va xay ra chuyén bién sau t6i. Trong qué trinh lam viéc chi co
bé mit yéu cau do ctmg cao dé c6 kha ning chéng mai mon. Vi
vay, cong ngh¢ toi laser ¢6 uu diém dat muc dich nang cao do
ctmg bé mat, thoi gian t6i ngén (120 gidy so voi 2,5-3 gid trong
toi truyén thong).

Tuy vao thanh phin mac thép va ché do toi ma cu tric pha
cta mau thép sau toi s& co sy thay doi. Sy thay doi thanh phan
pha dan t6i thay doi tinh chit cua vat lidu 1a do cimg. Cu thé,
thép ¢ trang thai ban dau mém (d¢ clmg thap) do dic tinh cta pha
ferrit. Sau qua trinh tdi, thép c6 d6 cliing cao do pha mactenxit co
d6 cimg cao. Khac vai cong nghé ti truyén thong sir dung thang
do do cting HRC dé do thi thang do HV, | thuong dugce st dung
dé xac dinh thay doi d6 clng nay. Anh huong cong sudt nguon
to1 do ciing bé mit mau sau t6i duge thé hién ¢ hinh 5.
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Hinh 5. So sanh dé cirng mau trwéc toi (CC), sau toi truyén thong (TT) va
mau toi laser v&i cong suét khac nhau.
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Két qua do do ctmg trén bé mat cac mau CC (275 HV ), TT
(650 HV ), LS0,3 (280 HV, ), LS0,5 (450 HV)), LSO, 7 (940
V,,) va LSO 9 (1050 HV, ) cho thay, mau thép 0r trang thai ban
dau CC ¢6 d cimg thip gdm nén ferrit va cacbit. Trong qué trinh
nung nong va gilt nhi¢t & nhi¢t do austenit hoa, carbon va nguyén
t6 hop kim, cacbit hoa tan vao nén austenit (do ferrit chuyén bién
pha thanh austenit). Qua trinh t6i thanh cong khi austenit chuyén
bién thanh pha clmg mactenxit co d9 clmg cao. Do cling ctia mau
thép sau t6i phu thuoc vao ham luong cac nguyén td hop kim,
cacbit da hoa tan vao nén.

Anh hudng cta cong sudt ngudn toi laser duoc thé hién qua két
qua do d6 ctmg bé mat mau LS0,3, LS0,5, LS0,7 va LS0,9. Tir két
qua do do ctng c6 thé thay duy nhit mau LS0,3 khong toi duoc
(khong tang do ctmg so vdi mau CC). Nguyén nhan do cong suat
ngudn laser khong di dé nung nong thép dén nhiét do chuyén bién
austenit hoa T, (voi thep P18 thi T,=1280°C). Khi nang cong suét
nguon nung P, theo cong thire (1) ¢ trén nhiét do truyén ti bé mat
mau thép tang 1en va nung nong bé mat thép. Khi ting cong suit
1én dén 500 W, nhi¢t d§ nung bé mit mau bit diu di dé xay ra qua
trinh chuyén pha tir nén ferrit thanh austenit va sau 6 c6 qua trinh
toi austenit thanh mactenxit. Két qua lam ting do ctng 1én 450
HV, so v6i do cing ban dau 1a 275 HV, . Tuy nhién, cong suit
thap nén ham luong C va nguyén t6 hop klm hoa tan vao nén nho
va vung dat nhiét T, mong trén bé mit. Nguoc lai, khi cong suét
di 16n mau LS0,7va LS0,9 dat d6 cimg 1én t6i 940 va 1050 HV, ,
cao hon ca miu toi truyén thong TT (chi dat 650 HV ). Nguyén
nhan 1a do trong cong nghé toi truyén thong ham luong carbon,
nguyén t6 hop kim va cacbit hoa tan vao nén thap hon dan t6i pha
mactenxit sau toi thap hon (khong hoan toan). Mot 1y do khac 1a
trong cong nghé toi truyén thong bén canh qua trinh tao thanh pha
mactenxit cing thi con austenit du.

Két qua do phan b6 do cimg cua cdc mau t6i laser thanh cong
LS0,5,L.S0,7 va LS0,9 dugc thé hién ¢ hinh 6.
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Hinh 6. Phan bé dé cirng clia cac mau toi laser thanh cong.
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Két qua cho thdy, do cimg miu toi laser giam dan tir bé mat
vao trong 16i. Néu xac dinh chiéu day 16p vat liéu hoa bén duoc
tinh tir bé mat dén vi tri co do cimg nén, thi chiéu day 16p hoa bén
cta cua cac mau LS0,5,1.80,7 va LS0,9 1an luot 1a 25, 70 va 125
um. Két qua phan bd do ctmg phi hop véi phan bé nhiét do nhu
mo ta & hinh 2. Viéc phan bd nhiét do nhu trén gii thich cho phan
b6 d6 cimg theo mat cit ngang. Cu thé, ving sang mau c6 do cimg
cao, viing chuyén tiép téi mau co do ctmg thap hon. Ving vét liéu
bén ngoai ciing c6 toc do ngudi di 1on do d6 chuyén bién thanh
pha mactenxit, viing sat voi nén khong kip chuyén bién do do ¢6
thanh phan pha 1a austenit du. Gitra hai ving mactenxit va vung
khong chuyén bién austenit 1a ving trung gian co sy xuat hién ca
hai pha nay [3].

4. Két luan

T6i laser 1a mot cong nghé xir 1y bé mit moi dang duoc nghién
ciru va tmg dung trong nhiéu linh vuc trén thé gi6i. Do do can co
nhimng nghién ctru va dy 4n trién khai tmg dung méi ciia laser &
Viét Nam.

Thep P18 to1 thanh cong trong didu kién nghién ciru voi cong
suét toi thiéu 500 W, khoang cach tir nguon t61 mau 300 mm va
thoi gian twong tic giira ngudn laser voi bé mat thép P18 trong
120 giay.

Cong nghé¢ to1 laser ¢ kha nang t6i cimg cao hon cong nghé
truyen thong, tuy nhién can nghién ciru khic phyc nhiing nhugc
diém gap phai trong nghién ciru nay nhu bé mat mau sau toi bj oxy
héa manh, chiéu day 16p t6i con thap hon nhiéu so v6i cc cong
b trén thé gi6i.
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Nghién ctru va tich hop hé thiét bi khic trén vat liéu nhua
str dung laser UV buwoc song 355 nm

Tran Thi Van Anh", D5 Xuén Tién, Cung Hong Kién, Pinh Vin Giang, Trwong Pirc Toan, Tran Xuin Thinh
Trung tam Céng nghé Laser, Vién Ung dung Cong nghé, C6, phuwong Thanh Xudn Bdc, qudn Thanh Xudn, Ha Ngi, Viét Nam
Ngay nhdn bai 3/7/2023; ngay chuyén phan bién 5/7/2023; ngay nhan phan bién 17/7/2023; ngay chap nhan dang 20/7/2023
Tom tit:

Bai bao trinh bz‘ly két qua nghién ciru, thiét ké va tich hop hé thiét bi khic laser trén vat liéu nhwa sir dung laser UV budc
song 355 nm, cong suit 5 W dwgc tich hop tir cic mo-dun ban thanh phim c6 sin trén thi trwong. Nhém nghlen ciru da
khao sat sy anh her'ng cua cac thong s0 ky thuat dén qua trinh khic laser UV len vat lleu nhya nhu: buéc song, cong suit
laser 16i ra, do rong xung, tan $0 13p lai xung, 1 toe do khac, kich thuéc ving khic, nguon dién... Két qué, nhom nghién ciu
di dwa ra dugc by tham sb t6i wu ciia hé thiét bi che tao cho mjt s0 loai vét liéu nhua riéng biét. Mgt s0 san pham khic
thir nghi€ém laser UV trén vat li€éu nhua cia hé thiét bi ché tao dugc cho thay hinh anh c6 d¢ sdc nét va twong phan cao,
vung anh hwéng nhiét nhé, cé thé khic dwoc kich thuée nhé c& micromet, toc d9 khic nhanh. Két qua nghién ciru cho
thiy thiét bi laser UV 1a sy Iwa chon tét cho nhitng ng dung ciia laser trong nganh céng nghiép ban din, co khi vi mé, y

hoc va thiét bi ngoai vi...

Tir khéa: khic laser UV, laser khic nhua, laser UV.
Chi s6 phén loai: 2.5

1. Dat van de

Trong nhiing nim gan déy, laser UV ¢6 nhiéu tmg dung rong
1ai trong céc linh vuc kinh té - xa hoi nho nhiing dac tinh vu vigt
nhu budc song ngan va chét lugng chim cao, chim tia ¢6 thé dugc
hoi tu dén kich thudce diém ¢& vai micromet (~10 pm), toc do lap
lai cao va dlem hoi ty nhé lam cho nhitng tia laser nay rat phi hop
aé gia cong cat, khic do chinh x4c cao. Khi tia laser UV duoc
chiéu dén bé mat vét liéu nhua, laser UV cung cap ty 1¢ hap thy vat
liéu cao hon cac loai laser khac nhu laser CO,, laser soi quang..
diéu nay gitip khong can tang cong sudt dé tao ra cac vét khac 10
nét cling nhu giam sy khuéch tan nhiét cua vat liéu lam cho qua
trinh khic it bi anh huong boi cac bién dang nhiét (thiét hai do
nhiét) ¢ cac 16p bén trong va cac khu vuc lan cin ciia ving can
gia cong. Nho vay, laser UV m6 ra mét loat cac img dung ma cic
nguon laser ving kha kién va hong ngoai khong the giai quyét
dugc, déc biét thich hgp aé khac céac vt li¢u nhya, tam bang mach
dién tr cing, tAm mém va rat nhiu phy kién yéu cau gia cong
chinh xéc ¢& micromet. Cé thé néi rang, laser UV noi chung va
laser UV budc song 355 nm ndi riéng da trd thanh cong cu gia
cong chu dao trong cong nghi¢p hién nay, dac biét cho nhiing ing
dung gia cong cd micromet [1-6].

Vé cong nghé ché tao, cac laser UV bude song 355 nm dung
trong cong nghiép hién nay hdu hét duoc ché tao bing cach
diéu bién nhan tan tir budc song co ban 1064 nm cua laser ran
Neodymium (Nd3+) hoic laser soi quang. Viéc st dung két hop
mot s6 tinh thé quang hoc phi tuyén s& cho phép chuyén doi tir
bude song ving hong ngoai sang budc song tir ngoai 355 nm ciia
chum tia laser 16i ra phu hop cho gia cng trong cong nghiép.

Tai Viét Nam, nhu cau thi truong khic trén vét li¢u nhya trong
cac nha may, doanh nghi¢p san xuat bat dau phat trién, cac nghién

“Tac gia lién h¢: Email: vananhlaser@gmail.com
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clru vé qua trinh khéc trén vat liéu nhua sir dung laser UV budc
song 355 nm van con rat han ché. Cac thiét bi khéc st dung laser
UV thuong mai chu yéu dugc nhap nguyén chiéc din dén han ché
trong cac ung dung cling nhu kho khan trong viéc lam chu cong
nghé khic. Hién tai trong nude chua san xuat, ché tao dugc thiét
bi nay, vi vay chiing t6i dat muc ti€u nghién clu, ché tao, tich hop
dugc hé thiét bi khac laser UV bude song 355 nm ing dung khéc
tem nhén trén vat liéu nhua dé nim bét, lam cha cong nghé, chu
dong trong ché tao thiét b ciing nhw lam chu quy trinh khac trén
cac loai vat liéu nhya khac nhau theo yéu cau cta thi truong.

2. Noi dung nghién ciiu

Trong bai béo nay chiing toi trinh bay két qua thiét ké va tich
hop hé khéc laser trén vét lidu nhua st dung laser UV budc song
355 nm tir cac mo-dun va linh kién ban thanh phim c6 san trén
thi truong. Diéu nay giup dam bao chat lwgng va do 6n dinh cua
thiét bi trong qua trinh st dung. Hé thiét bi duoc ché tao buge
dAu dua vao thir nghiém dé khdc trén vét liéu nhua PVC, ABS,
PP. Tir két qua nghién ctru, chung toi da tim ra dugc s6 liéu b
thong s6 khac trén vat liéu nhua PVC, ABS, PP ciia hé thiét bi
laser UV vira ché tao.

3. Két qua va ban luan

3.1. Thiét ké va xdy dung hé khdc laser trén vit ligu nhuwa siv
dung laser UV budc song 355 nm

Hé khic laser trén vét liéu nhua duge nhom nghién cuu thiét
ké, tich hop trén co s6 tim hiéu tai lidu két hop voi khao st thyc té.
So d6 thlet ké hé thong ciing nhu Iya chon cac mo-dun linh kién,
thong s6 k¥ thudt cia hé thong duoc xdy dyng trén co s tim hiéu,
khdo sat giai ma mot s cAu hinh thiét bi, mo-dun ban sin trén thi
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Research and integrate laser marking system

on plastic materials using 355 nm UV laser

Thi Van Anh Tran’, Xuan Tien Do, Hong Kien Cung,
Van Giang Dinh, Duc Toan Truong, Xuan Thinh Tran

National Center for Laser Technology,
National Center for Technological Progress,
C6, Thanh Xuan Bac Ward, Thanh Xuan District, Hanoi, Vietnam
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Abstract:

This article presents the results of research, design and
integration of a laser equipment system on plastic materials
using a UV laser of wavelength 355 nm, power of 5 W, integrated
from semi-finished modules available on the market. The
research team investigated the influence of technical parameters
on the UV laser engraving process on plastic materials such as
wavelength, output laser power, pulse width, engraving speed,
engraving area size, electricity source... As a result, the research
team has come up with a set of parameters for the manufacturing
equipment system for a number of specific plastic materials.
Some experimental UV laser engraving products on plastic
materials of the manufactured equipment system show images
with high sharpness and contrast, small heat-affected areas,
can engrave sizes as small as micrometers, with a high speed.
Research results showed that UV laser equipment is a good
choice for laser applications in the semiconductor industry,
micro-mechanics, medicine and peripheral equipment...

Keywords: plastic marking laser, UV laser, UV marking laser.
Classification number: 2.5
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truong. Viée lya chon, st dung nhiing mo6-dun linh kién tr cac nha
san xuét uy tin nhim dam bao chat luong va do 6n dinh cua thiét b
ché tao tich hop trong nudc do trinh d6 khoa hoc ciia chung ta chua
thé tu ché tao duoc tat ca cac bd phén cua thiét bi.

So d6 thiét ké hé thiét bi khac trén vat lidu nhya sir dung laser
UV bude séng 355 nm duge thé hién ¢ hinh 1.

Tan nhiet | : Hé nang ha
nuroc : truc Z

Khéi phat laser
UV 355 nm

Galvo

< F-theta

Khéi ngudn nudi
va diéu khién
laser UV

[

Khéi cép dién

Mach diu khién PR A
khéc laser : =
: Z

May tinh +
phan mém

Hinh 1. So db khéi hé thiét bi khac laser UV buéc song 355 nm.
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Céu hinh tong thé ciia thiét bi khic laser UV bao gom céc khoi
b9 phan nhu: khoi ngudn phat laser UV bude song 355 nm cong
suit 5 W ciia Hang JPT (Trung Qudc); hé quét chim tia Galvo
model ST10sccan (355 nm) voi chudn giao tiép XY2-100, théu
kinh hoi tu f-theta tiéu cw 254 mm; card diéu khién laser LMCV2-
DIGIT ciia BIJCZ; ngudn nudi cung cap ning luong va hé thong
duoc didu khién bang phan mém khic laser.

Céc khoi bo phn nay déu duge két ndi va lién hé chit ché voi
nhau gi’ﬁp thiét bi hoat dong 6n dinh va dat hiéu qua cao. So do
ghép noi dugc trinh bay ¢ hinh 2.

Khéi phét laser
UV 355 nm (JPT)

Ong kinh md rong
chim tia

| § = 7 /
5 T
Khéi tan nhigt 1

nude

Khéi ngudn nudi
va dieu khién
laser UV

Mach diéu khién
May tinh + khéc laser
phén mém

Hinh 2. So’ d6 khdi ghép ndi cac bd phan tich hep cua thiét bi khac laser
UVv.

3.2. Khdo sdt thue nghig¢m, do dac cdc thong so ky thudt ciia
hé thiet bi vira dwoc ché tao, tich hop

Sau khi thiét ké, tich hop hé thiét bi, chiing toi khao sat mot sb
thong s6 k§ thut chim laser 1i ra ctia hé laser UV budc song 355
nm vura tich hop tai phong thi nghi¢ém cua don vi. Buong dac trung
cong sut cua laser dugc chi ra ¢ hinh 3. Phép do dugc thuc hién
bing cach do truc tiép cong suit chum tia laser UV, sau hé quang
hoc 16i ra ciia dau phat laser. H¢ laser hoat dong & ché do phat
xung Q-switch. Cong suat trung binh chum tia laser 16i ra dugc do
boi déu do cong suat nhiét $322C va duoc hién thi trén bang diéu
khién PM100D.

Coéng suat (W)
ok N W e O oo N o

~
&

30 32 34 36 38 40 42
Dong dién (A)

Hinh 3. D6 thj cong suét laser UV 13i ra thay déi theo dong dién nuéi laser
diode bom.



Khi thay d6i cuong do dong dién nuoi laser diode bom, cong
sudt laser UV 10i ra ciing thay doi theo. S6 liéu do cong sut laser
P (W) theo cuong do dong dién nudi laser diode bom I (A) duge
thé hién ¢ bang 1.

Bang 1. S6 liéu do cong suét laser P (W) theo cwong dé dong dién nudi
laser diode bom | (A).

4 % 2 % 31 2 B M ¥ ¥ ¥ B ¥ 4 4 47
PW) 0017 0035 0066 0156 0343 0748 1615 29 4431 5348 6136 06305 6718 6871 6971

Tén s6 lap lai ciia xung tir ¢6 thé thay doi duoc tir 20 dén 150
KHz, cong suat laser 16i ra thay ddi theo tan s6 lap lai xung laser
duoc thé hién ¢ hinh 4, do rong xung laser nam trong khoang tir 7
dén 31 ns. V6i cac thong sd laser nay, ta ¢6 thé dé dang thay doi
trong qué trinh (mg dung trong khac trén vat liéu nhya.
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Céng suat (W)
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Tan s6 13p lai xung laser (KHz)
Hinh 4. Db thi dic trwng cong suat laser 16i ra thay déi theo tan sé I3p lai
xung cua laser UV.

Qué trinh két ndi mach diéu khién ctia may khéc laser nhu sau:
dau quét chim tia galvo dugc két ndi véi card diéu khién thong
qua cong DB-15 theo chuan XY2-100 Digital. Khéi phét laser UV
duoc két nbi qua cdng BD-25 cho phép diéu khién cac ché dg hoat
dong cua laser. Ngoai ra, card diéu khién ciing dugc ghép ndi voi
méy tinh qua cong USB 2.0 va dwgc nudi bang bo ngudn 5 VDC
bén ngoai.

Qué trinh khic laser cc hinh anh thiét ké trén may tinh dugc
thue hién bing cach két hop dong bo giita chuyén dong trong dau
quét galvo va chum tia laser thong qua card diéu khién trung tim.

~laix|

xH¥E|waaaaaaa]
RS

>~
g&()

CHU TICH

HO CHI MINH

Hinh 5. Chwong trinh didu khién hé khic laser UV bwéc séng 355 nm trén
may tinh.
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Toan bg qua trinh nay duogc thyc hién trén phf?m mém khic laser
EzCad2 thyc hién trén may tinh. Trong do, ngudi sir dung ¢6 thé
d& dang thiét lap truc tiép trén phan mém cac thong sb khic laser
nhu: cong sudt, tan sd 1p lai xung, toc do quét tia... Ngoai ra, phan
mém nay ciing hd trg nhiéu dinh dang tép tin b hoa khéc nhau (v
du: .plt, .dxf, .ai, jpg) nham t6i uu hoa thiét ké, hoat dong va quan
sat trude cac hinh anh khic laser (hinh 5).

Hé thiét bi may khéc laser UV budc song 355 nm budce dau duge
do dac va thir nghiém cac diéu kién hoat dong on dinh (bang 2). Tir
d6, co thé duoc sir dung dé nghién ciru, thir nghiém k§ thuat khac
laser trén mot s6 vat liéu nhua.

Bang 2. Théong s6 ky thuat cta hé thiét bj khéc laser UV dwoc ché tao.

Loai laser Laser UV
Budce song 355 nm
Cong suit laser 16i ra >5W

Do rong xung 7+31 ns

Tén s6 lap lai xung 20150 KHz
Téc d6 khac <6000 mm/s
Kich thudc ving khic 110x110 mm
Lam mét bang nude, 6n dinh nhiét do 2542°C
Ngudn dién 220 V/50 Hz

3.3. Nghién civu qud trinh khdc laser UV trén vit liéu nhua

Khic laser trén vat liéu phi kim 1a qua trinh tuong tac giita
chum tia laser v6i bé mat vét liu. Thong thuong, toan bg anh sang
trong mgt xung quang hoc s€ dugc vat licu hép thu va chuyén hoa
thanh nhiét, do d6 gay ra su gia tang nhi¢t do tuc thoi trong vat
liéu, dan dén sy néng chay va phan giai bé mit, 1am carbon hoa,
phan hity hoa hoc... Két qua thuong bao gdm mot ving vat liéu da
bi bién d6i vé mau séc, thanh phan va s& tao thanh cac hinh khéc
laser tai vi tri chum tia laser chiéu t6i nhu minh hoa & hinh 6 [5].

——3 Hudng khéc
Chum tia laser

Viing duoc khéc laser

L v

Tém phoi nhua
Vling chju anh hudng nhigt

Hinh 6. Sw hinh thanh vét khic dwéi tac dung ciia chum tia laser.
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Chét luong vét khic phu thudc vao mure do hép thu birc xa cua
vat ligu. Ty 1€ hép thu cua vat liéu voi mdi loai laser khac nhau thi
ciing khéc nhau. Hinh 7 mo ta ty 1 hap thy cia mot sb vat liéu phi
kim loai voi cac loai laser khac nhau.

Chiéu day (mm)

Nhyra fluorocarbon (0,23)

Polyetylen (0,12)

Thuy tinh epoxy (3,00)

Polyimit (0,05)
_——

Polycacbonat (0,50)

Cao su silicon (1,03) EEE— o
(]

T 1

0 20 40 60 80 100

Ty 1& hdp thu IR Ty 1& hap thy SHG M TV 18 hdp thu UV

Hinh 7. Ty 1& hap thu vat liéu véi cac loai laser.

Ta thy laser UV c6 ty 1& hap thu 70-90%, cao hon hin so véi
céc loai laser khac. Sir dung loai laser khong phu hop dé khéc trén
vat liéu nhya c6 thé din dén hu hong vat li¢u trong qua trinh gia
cong do nhiét sinh ra.

Su hz?ip thy cua vat li¢u nhya dudi tac dung cua chum tia laser
chiéu t6i phu thudc vao mat do nang lugng ctia chum tia laser va
tinh chat cua vat lidu. Mat do nang luong cua chum tia laser dugc
tinh theo cong thirc sau:

F=2% (1)
trong do: F 1a mat d§ nang lugng ctia chim tia laser (J/em?); P 1a
cong sudt laser trung binh (W); , 1a ban kinh chum tia laser tai
diém hoi ty; V 1a toc do quét tia laser.

Naéng luong hép thu E trén mot don vi thé tich & do séu z trong
vat li¢u c6 dang ham e mii [4]:

E(z) = [ oe At (2)

trong do: o 1a hé s6 hp thu tai budc song laser doi vai vét liéu
dugc khéc; I 1a cuong do chum tia laser chi€u toi vét lidu (ty 1€ voi
mat do nang lugng F); At la thoi gian xung laser.

Cong thirc md ta don gian vé qua trinh nung néng va tang nhiét
d6 AT (trén mdt don vi khoi lugng) d6i voi mot thé tich vat ligu ¢
d06 sau z la:

o Nhiét lugng thém vao - Nhi¢t dan di

Nhiét dung riéng cua vat li¢u

trong do: nhi¢t luong thém vao dugc xac dinh boi lugng anh sang
laser dugc he”ip thy trong vat lidu & do sau z; nhiét dan di duoc xac
dinh bdi do dan nhiét ctia vat lidu.

Vi xung laser ¢6 thoi gian hitu han, nén cong thirc mo ta nay
phai dugc lay tich phan theo thoi gian. Su néng chay va bbc bay
cua vat liéu ciing gop phan vao su can bang niang luong. Ngodi ra,
qua trinh hép thy buc xa laser cling phu thugc rat nhiu vao nhiét
d0 cua vat liéu.
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Tir cic cong thire (1) va (2) nhan thiy, qué trinh trinh khac
laser trén vat li¢u phi kim s€ chiu anh hudng cla nhidu tham s6
nhu: bude song laser, cong suat chim tia laser chiéu t6i, do rong
xung laser, tin s6 ldp lai xung, phan bd chum tia... Pay déu la
nhitng tham s6 can phai xét dén khi stir dung mot hé thiét bi méay
khic laser.

Su anh hudng cta cac thong s cuia hé laser 1én qué trinh khic
laser UV 1én vat liéu nhya bude dau dugc khao sat bang hé thiét
bi khéic laser UV vira ché tao. Cong suét laser dugc thay d6i bang
cach thay doi dong dién I (A) nudi laser diode bom tinh thé laser
ran trong hé thong thiét bi; gia tri nay duoc diéu chinh tir 0 dén
42 A. Hinh anh khéc thtr nghiém trén vét liéu nhwa ABS nén mau
tring co chidu day 1 mm véi sy thay doi cua cong sudt laser dugc
hién thi ¢ hinh 8.

PRF 150KHz / Speed 1000mm/s / H 0.02mm - |

Laser UV test - ABS

- 35A 40A

Hinh 8. Thir nghiém khéc trén vat liéu nhwa ABS béng cach thay dbi cong
suat laser (diéu khién bang thay déi cwong do dong dién).

Nhom tac gia da tién hanh th nghiém khéc trén mot sb vat liéu
nhya khac nhau nhu PVC, ABS va PP nén mau tring c6 chiéu day
1 mm. Tir két qué nghién cuu trong vige khic trén cac vat liéu nhya
khac nhau, ching t6i budc dAu d3 dua ra duoc bo tham sé toi wu
ctia h¢ thiét bi ché tao cho mot s6 loai vat liéu nhya riéng biét. Céc
két qua thir nghiém thong s6 khéc trén vat liéu nhya PVC, ABS, PP
da dugc ghi nhan ¢ bang 3.

Bang 3. Sé liéu b thong sb khac trén vat liéu nhwa PVC, ABS, PP cuia hé
thiét bi laser UV vira ché tao.

Loai nhua Nhya PVC Nhya ABS Nhya PP

Miu Den  Xam Den  Xim  Den Xim

Cong sudt laser P diéu khién theo dong diénI(A) 295 29 32 30 35 34

Tin s6 f (KHz) 0 40 4 4 4 40
Tde do khdc (mms) 1000 1000 900 1000 800 1000
Khoang cdch dudng khéc (mm) 002 005 002 005 0,02 0,05

Hinh 9 13 hinh dnh mot sé san phdm thir nghiém khéc laser
UV trén vét liéu nhya PVC, ABS, PP dya trén cac thong s6 khic
laser toi uu ¢ bang 3. Cac két qua thir nghiém cho thay, hinh anh
duoc khic laser c6 do rd nét va tuong phan cao, dac biét la cac
ky tu nho déu duoc hién thi day du va sic nét. Ngoai ra, vét khic



laser UV trén vat liu nhya khong c6 hién tugng bi chdy hay
phdng rop nhu khi duge khic bang chum tia laser hdng ngoai IR

1064 nm khac.
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Hinh 9. M6t s6 mau thir nghiém khic laser UV bwéc séng 355 nm trén cac
vat ligu nhwa PVC, ABS, PP.

4. Két luan

Hé thiét bi khic trén vét lidu nhya st dung laser UV budc song
355 nm da dugc ché tao thanh cong vai cac thong sd cla thiét bi
nhu: cong sudt dau ra 5 W, tan s diéu chinh dugc tir 20 dén 150
KHz, d6 rong xung 7-31 ns. Mot s két qua khéc thir nghiém trén
vat lidu nhya nhu ABS, PVC, PP c6 d sic nét, do trong phan cao,
toc do xu ly, tinh linh hoat cao va khéc kich thude nhé ¢& micromet.
Viéc ché tao thanh cong hé thiét bi khic laser UV song 355 nm gop
phan chii dong trong cong nghé ché tao, tich hop thiét bi ciing nhu
lam chu quy trinh khéc trén mot sb loai vat lidu phi kim loai, tir d6
mo rong, da dang hoa ung dung cua laser trong cong nghi¢p, cong
nghiép phu trg, gia dung, y té.
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LGOI CAM ON

Nghién ctru ndy duoc thyc hién trong khudn kho dé tai cip
Bo Khoa hoc va Cong nghé nam 2022-2023: “Ché tao hé thiét bi
khéc trén vat liéu phi kim sir dung laser UV budc song 355 nm dé
khéc tem nhan trén vat liéu nhya” do Trung tim Cong nghé Laser,
Vién Ung dung Cong nghé chi tri. Céc tac gia xin tran trong cam
on.
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Dinh gia kha ning phan ra cia bao bi than thién moi truong
trong diéu kién i compost ¢ quy mo phong thi nghiém va quy mo pilot

Tuwing Thi Nguyét Anh, L& Thj Thity, Doan Hoang Linh, Nguyén Tién Dat, Nguyén Ngoc Diép,
Chu Xuan Quang, Tran Hung Thuin, Ping Thio Yén Linh*

Trung tam Cong nghé Vit liéu, Vién Ung dung Cong nghé, C6, phuong Thanh Xudn Béc, qudn Thanh Xudn, Ha Ngi, Viét Nam

Ngay nhan bai 15/5/2023; ngay chuyén phan bién 18/5/2023; ngay nhan phan bién 12/6/2023; ngay chap nhan ding 15/6/2023

Tém tit:

Nhu ciu sin xuit ngay cang ting va ung dung d?ly hira hen ctia nhwa phéin hity sinh hgc da thic dfly st quan tim dén viéc danh
gi4 kha ning phan hiy sinh hoc ciia vt liéu nay. Phan ri 1a giai doan dau tién ciia qua trinh phan hiiy sinh hoc, do d6 né ¢6 anh
hwéng quan trong nhit dén kha ning phan hity ciia vat liéu. Nghién ciru nay tip trung vao viéc danh gia va so sinh kha ning
phén ri ciia bao bi than thi¢n méi truomg dang dwgce san xuit va tiéu thu pho bién tai Viét Nam trong diéu kién @i compost cong
nghiép & quy md phong thi nghiém theo tiéu chuin TCVN 12409:2020 va quy md pilot theo tiéu chuin TCVN 12408:2020. Sw
bién thién nhiét d9, dd Am, pH va ngoai quan dwgc ghi lai trong qua trinh i compost. Két qua cho thiy, dong thai phan ri ciia
bao bi than thién moi truong la twong tw nhau & ca hai quy mo. Mirc d§ phén ra cta bao bi than thi¢én méi truwong ¢ ca hai quy

mé thir nghiém déu dat trén 90% sau 84 ngay.

Tir khéa: diéu kién i compost cong nghi¢p, mirc 9 phan ri, nhya phan hiy sinh hoe, TCVN 12408:2020, TCVN 12409:2020.

Chi sé phin loai: 2.7

1. Dt van de

Céhc van d& lién quan dén 6 nhiém réc thai nhya da thuc day
sy phét trién manh mé& cua nhiéu loai vat liéu than thién voi moi
truong, trong do co vat ligu nhya phan huy sinh hoc do chung c6
kha nang phan huy thanh H,0, CO,, CH, va sinh khéi dudi tac
dong ciia diéu kién moi tnrorng va vi smh vat trong mot khoang
thoi gian xac dinh [1]. Qua trinh phan hiy sinh hoc ¢ thé dién
ra trong moi truong hiéu khi ciing nhw méi truong ky khi. Moi
truong thuong duoc nghién ctu 1a hiéu khi, phd bién nhat 1a moi
truong i compost do phan 16n nhya phan hay sinh hoc c6 kha nang
tao compost trong moi trudng nay. Do do, qua trinh i compost 1a
mot trong nhiing lya chon uu tién nhat khi dé cdp dén viée xu ly
nhya phan huy sinh hoc [2]. Céc nghién ctru danh gia kha ning
phén hity sinh hoc ctia vat liéu nhya dugce thuc hién hau hét theo
cac tidu chuan ASTM D6400, ISO 17088, EN 13432, TCVN
13114:2020... nham cung cap céc chi dan vé diéu kién moi truong,
thoi gian va quy mo cta cac thir nghiém [3]. Mot san pham nhya
duoc xac dinh 1 c6 kha ning tao compost néu dap img duoc cic
yéu cau nhét dinh vé: dac tinh hoa hoc; kha ning phan ri trong qué
trinh tao compost; kha nang phan hity sinh hoc hiéu khi hoan toan;
khong anh huong bét loi dén kha ning hé trg sy phat trién ciy
trong cua compost theo tiéu chuin TCVN 13114:2020 [4].

Phan ra 1a kha ning bi bé giy va vd ra thanh cac manh nho
hon trong cac diéu kién moi truong khac nhau cta vat li¢u. Noi
cach khac, sy phan ra cta vat li¢u lién quan dén hinh dang vat ly
cua san pham va do d6 bj anh huong manh mé boi do day (khdi
luong riéng va/hodc mat do) [5, 6]. San phém duoc coi la thoa
mén yéu cdu vé kha ning phan rd néu sau 84 ngay trong phép thir

*Tac gia lién hé: Email: dangthaoyenlinh@gmail.com

%HI\?GCI:-IE 65(10DB) 10.2023

tao compost ¢ kiém soat, c6 khong qua 10% khdi luong kho ban
dau bi gitr lai sau khi dugc sang qua sang c¢6 mat ludi 2,0 mm [4].

banh gid kha nang phan rd trong qué trinh tao compost co
thé duoc thyc hién & quy moé phong thi nghiém theo tiéu chuén
TCVN 12409:2020 (ISO 20200:2015) hoac quy mo pilot theo
tiéu chuan TCVN 12408:2020 (ISO 16929:2013). Mi truong md
phong, phuong phap danh gia, chat cdy (compost nen) thoi gian
thir nghiém... 1a cac thong s quan trong anh huong dén qua trinh
phan huy sinh hoc no6i chung ciing nhu qué trinh phén ra. Vi vay,
nghién cuu ndy tap trung danh gia va so sanh cac dong thai, muc
d6 va toc do phan ri ciia bao bi than thién moi truong trong diéu
kién i compost cong nghiép ¢ quy mo pilot va quy mo phong thi
nghiém.

2. Vat liéu va phuong phap thuc nghiém
2.1. Vit li¢u

Vit liéu tht nghiém bao gf’)m: mun cua, thic an tho, phan bo
U hoai, tinh bot ngo, uré, rac rau va trai cay, bao bi than thién moi
truong (dang dugc san xuat va ti€u thu pho bien tai Viét Nam).

2.2. Thuc nghiém
Hé thong thir nghiém phan 3 cho hai quy mé duoc thiét ké
nhu sau:

2.2.1. Chuan bi compost nén va mang thir nghiém: Compost
nén va mau mang st dung cho thir nghiém phan rd & quy m6 phong
thi nghiém va quy mo pilot dugc chuan bj phai dam bao theo yéu
cu ciia tleu chuan TCVN 12409:2020 va TCVN 12408:2020.
Thong s tinh chét cua compost nén duoc thé hién ¢ bang 1.
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Abstract:

The growing production demand and promising applications
of biodegradable plastic have spurred interest in assessing the
biodegradability of this material. Disintegration is the first stage
of the biodegradation process and therefore it affects the most
important on the biodegradability of materials. This research
focuses on evaluating and comparing the disintegration ability of
eco-friendly packaging, which is being produced and commonly
consumed in Vietnam, under industrial composting conditions
at laboratory scale according to TCVN 12409:2020 standard
and pilot scale according to TCVN 12408:2020 standard. The
variations in temperature, humidity, pH, and visual appearance
were monitored during the composting process. The results
showed that the disintegration behaviours of eco-friendly
packaging are similar at both scales. The disintegration rate of
eco-friendly packaging at both testing scales reached over 90%
after 84 days.

Keywords: biodegradable plastics, disintegration rate, industrial
composting condition, TCVN 12408:2020, TCVN 12409:2020.

Classification number: 2.7

Bang 1. Kiém soat cac thong sé trong qua trinh thir nghiém.

Thng s6  Quy md phong thi nghiém theo TCVN 12409:2020 Quy ma pilot theo TCVN 12408:2020
Duge kiém sodt dé nhict do thi da trong

thing U compost duy tri: <75°C trong

Nhigtdg  Duy tri 0 5822°C tudn du tién va <65°C trong thof gian
sau do; >60°C trong it nhét | tudn;
>40°C trong it nhét 4 tudn tiép theo.

- Thém nude dé dat dén khdi hrgng ban dau cia compost:
ngiy 14, 7-11, 14, 16, 18, 21, 23, 25, 28 v6i tén su:
hang ngay. PPy T
Bodm - Thém nude dé dat dén 80% KnSi luomg ban dhu cia Zi‘;f; nude Khi 9 im cia compast
compost: ngay 30-60 voi tin sudt: 2 lan/tudn, N
- Thém nuée dé dat dén 70% khoi lugng ban dhu ciia
compost: ngay 60 trd i v6i tan sudt: 2 lin/tudn.
Dio gy Di0 o ki thém nuco i o ngiy 8, 10,16, 18,21, 23, Hing tudn trong 4 tuan diu, 1 lan 2
TOB8 tudn cho dén khi két thic phép thir.
Thoi khi khi nong d oxy <10%, voi
Th khi Khong ty 1é dong khi <15 I/kg chét rén kho

tong s0/gid.
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&CONGHI\?GCI:-IE

65(10DB) 10.2023

2.2.2. Hé thiét bi thir nghiém: D6i voi quy md phong thi
nghiém tii sdy tuan hoan khong khi duoc st dung dé duy tri nhiét
d9 cao va thung U duge lam bé’mg nhua PP co kich thudce (dai x
rong x cao) 34,0x22,0x14,5 cm.

Dbi véi quy md pilot, ti i 14 hé gdm dén, quat va bom thoi khi
dugc su dung dé duy tri phiét gi(f) va dieu kién hiéu khi doi voi quy
mo pilot. Thung u lam bang bang nhya PE c¢6 dung tich 50 1.

2.2.3. Quy trinh thir nghiém: Mau mang thir nghiém va compost
nén sau khi phdi tron dugc dua vao céc thing u compost. SO lugng
thung 0 ddi véi quy md PTN bao gdm 3 thing mau tring (chi chira
compost nén, ky hiéu lan luot 1a MO1 L, M02 L, M03 L) va 3
thung mau thir (chira compost nén va miu mang thir nghiém, ky
higu lan luot 1a M1 L, M2 L, M3_L). S6 lugng thung u dbi véi
quy mo pilot bao gom 1 thing mau tring (MO_P) va 1 thung mau
thar (M1_P).

Céac thung u compost sau do dugc dat vao tu u trong thoi gian
t6i da 90 ngay. Trong qua trinh thur nghiém, nhiét do, ham luong
nude, dao tron va théi khi cia cac thing u compost dugc kiém
sodt theo tiéu chuan tuong tmg theo bang 1. Két thic thir nghiém,
compost cudi duge sang dé tach cac miéng can ciia miu mang thir
con lai ¢6 kich thude 16n hon 2 mm. Xdc dinh khéi lugng kho cua
cdn rnau mang thir nghiém dé tinh toan muc do phan ra. Ngoai ra,
thong s6 ctia compost cudi ciing dugce phan tich dé danh gia chat
lugng qua trinh U compost.

2.3. Phuwong phdp thir nghiém danh gia

2.3.1. Phuong phdp phan tich pho FTIR: Céc lién két, nhom
chire dic trung cua mau thir duge phén tich thong qua pho FTIR
bang thiét bi Nicolet™ iS20 FTIR Spectrometer.

2.3.2. Phwong phap xdc dinh mirc dg phdn ra: Mirc d¢ phan
13 clia mau thir nghlem (D,, %) dugc tinh toan dya trén khéi luong
phan cin cia mau thir ¢6 leh thude 16n hon 2 mm thu duge sau
sang va khoi lugng ctia mau thir nghiém cho vao ban dau duoc tinh
theo cong thiic sau:

D=1

my

x 100

trong d(’); m, la khéi lwong kho cua mau thir nghiém diu vao (2);
m, la khoi lugng kho cua mau thir nghiém con lai sau khi sang (g).

2.3.3. Phuong phap xdc dinh ham lwong carbon va ham
lwong nito:

Ham luong ca;bon duge xac dinh theo tiéu chuin TCVN
6642:2000 trén thiet bi phan tich Multi N/C® 2100 S Duo [7].

Ham lugng nito dugc xéc dinh nhu sau: mau thir rin dugc vo
co hoa theo phuong phdp Kjeldahl [8] 8] dé tao thanh méu long va
sau d6 ham lugng nito ctia miu long dugc xac dinh trén thiét b
phan tich Multi N/C® 2100 S Duo.

2.3.4. Phuong phdp xdc dinh d am, ham heong chdt rdn bay
hoiva pH:

Py 4m cua miu (jhrqc xdc dinh theo tiéu chuin TCVN
6648:2000 su dung ti say Memmert [9].



Ham luong chét rin bay hoi dugc xac dinh theo tiéu chuén
TCVN 13114:2020 sir dung 10 nung WiseTherm [4]. pH ciia miu
duoc xac dinh theo tiéu chudn TCVN 5979:2007 sir dung thiét b
HQ40d Portable [10].

2.3.5. Phwong phdp xdc dinh d¢ giam nong dé chat ran bay
hoi: Do giam (R) cia tong ham luong chit rin bay hoi giita
compost nén ban dau va compost cudi trong mdi binh tao compost
duogc xac dinh theo TCVN 12409:2020 [6].

2.3.6. Phwong phap xac dinh dé chin cua compost: P chin
cua compost dugc xac dinh theo thang “Rottegrad” dya trén co s¢
xéc dinh nhiét d6 i da (Tmax) trong phép thir tu gia nhiét trong
binh Dewar [11].

3. Két qua va ban luan

3.1. Phé FTIR ciia miu mang thir trudc va sau khi thir
nghiém

Ph6 FTIR ciia miu mang thir nghiém trude va sau khi phan
rd dugce thé hién trén hinh 1. Di v6i mang trude thu nghiém, pic
tai vi tri budc song 1712 va 728 cm'! lan luot ung voi dao dong
gidn cua lién két C=0 trong nhém este va dao dong udn ngoai
mit phang cua lién két =C-H trong vong benzen. Pic & vi tri 1118
va 1161 cmr! twong (g voi dao dong gidn ciia lién két C-0. Cac
pic 728, 1118 va 1161 cm™ la cac pic ddc trung dé nhan biét nhya
polybutylene adipate terephthalate (PBAT) [12, 13]. Do do, ¢ thé
xéc dinh trong thanh phan cia mang thir nghiém c¢6 chira nhyua
PBAT.
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Hinh 1. Phé FTIR clia mau mang trwéc va sau qua trinh phan ra.

Hai pic 3295 va 2957 cm! 1an luot dic trung cho dao dong
gidn cua lién két -OH va dao dong gian cua lién két CH. Ngoai ra,
pic 1409 cm twong tmg v6i dao dong cat doi xtng cua nhom CH,.
Céc pic va dai hap thu nay dic trung cho céc lién két ciia phan tu
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tinh bot. Theo d6, c6 thé du doan ngoai PBAT thi c6 thé ¢6 ca tinh
bot trong mAu mang thir nghiém [14]. Tir viéc phén tich phd FTIR
c6 thé du doan mau mang thir nghiém c¢6 thé chira PBAT va tinh
bot. Dy déu 1a cac loai nhya co kha ning phan hity sinh hoc.

Tiép theo, so sanh phd FTIR ctia mang thir nghiém sau qua
trinh phén rd ¢ cd hai quy mo6 c6 thé thay cac pic hap thy khong c6
su khac biét dang ké. Ngoai ra, két qua hinh 1 ciing cho thiy, mang
trude va sau khi phan ri ciing ¢6 cac pic twong tu nhau, didu nay
chimg to cau tric hoa hoc cia mau mang thir nghiém khong thay
d6i sau qua trinh phéan ra [15].

3.2. Bién thién nhiét dp trong qud trinh thir nghié¢m

Trong qua trinh G compost, nhi¢t 9 trong thung u compost sé
thay doi do qua trinh trao ddi chat cua vi sinh vét, diéu nay s& anh
hudng dén toc do phan huy cua compost va cac mau mang thir
nghiém. Do d6, sy thay doi nhiét d9 trong cac thing 4 compost da
duoc ghi lai trong hinh 2. D4i véi thir nghiém phén ri theo quy mo
phong thi nghi¢ém (M_L), nhit do trong tu G duge duy tri & mirc
58+2°C. Két qua hinh 2 c6 thé thy, nhiét do cua tii sdy bién thién
twong d6i on dinh xung quanh gia tri cai dat.

0 t t t t t t t t t t t t {
0 1 14 21 28 35 ) 49 56 63 70 7 84 91
Thei gian (ngay)

Hinh 2. Bién thién nhiét dé trong qua trinh G compost.

Nguogce lai, tho nghiém phan rd theo quy moé pilot chi dinh
cac yéu cau hop 18 dbi véi nhiét do nhu dugc néu ¢ bang 1. Do
d6, nhiét do cia to 0 phai dugc diéu khién trong qué trinh thir
nghiém. Quan sat trén hinh 2 c6 thé th'éiy, nhiét d cao nhét cua
thung miu tring ting 1én 72°C va sau d6 giam xudng khoang
61°C sau 14 ngay. Trong khi ddi véi thung mau th, nhiét do dat
73,5°C sau 3 ngdy, sau do giam xudng con khoang 63°C sau 7
ngay. Khoang thoi gian sau d6 nhiét do ¢ ca 2 thing mau trang va
mau thir nghiém déu dugce duy tri trén 40°C [15]. Nhu vay, nhiét
d¢ trong qua trinh U & quy mo pilot 1a dam bao hop 1€ theo tiéu
chudn TCVN 12408:2020.

3.3. Bién thién dp dm trong qud trinh thir nghi¢m

Do dm la mot thong sb quan trong trong qua trinh G compost vi
vi sinh vét can d¢ 4m thich hop dé ton tai. Do 4m anh hudng dén
su xdm nhdp cua khong khi, chit dinh dudng, sy hap thy oxy, va
nhiét do. Bién thién do 4m cua compost trong cac thing i trong
qué trinh thir nghiém dugc thé hién 6 hinh 3.
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Hinh 3. Bién thién dé 4m trong qua trinh G compost.

Déi vai thir nghiém quy mé phong thi nghiém, do 4m trong
cac thing 0 duoc duy tri >55% bang cach thém mot lugng nudc
da mat di twong g so voi khéi lugng compost i ban dau theo
tung giai doan cua qué trinh t nhu dugc néu trong bang 1. Nhin
chung, d6 4m trong qué trinh 1 compost duge duy tri ¢ dicu
kién u t6i uu.

Ddi voi thir nghiém & quy mo pilot, d6 4m giam dan trong
qua trinh @ & ca thung miu tring va thing mu thir. Do trong
giai doan u compost, sy bdc hoi s& tw nhién xay ra do nhi¢t do
tang cao va thoi khi. P am khi bat dau thir nghiém trong cac
thung 1 1a 70% va thay ddi trong khoang 32-72% trong qué
trinh 4. Quan sat trén hinh c6 thé thiy, sau chu ky khoang 4
tudn (28, 56 va ngdy 84) thi d6 4m giam xudng dudi 40%. Do
d6, khi do 4m <40% thi nu6e duoc thém vao cac thung dé dat
duoc do 4m 70% nham dam bao quy trinh 0 dién ra thuan loi.

3.4. Bién thién pH trong qud trinh thir nghiém

Két qua hinh 4 cho théy, gid tri pH cua compost trong qua
trinh thtr nghiém ¢ quy mo phong thi nghiém (7,26) 1a cao hon
& quy md pilot (6,49) do thanh phan nguyén liéu dau vao cua
compost nén 14 khac nhau.

——M0I L ~A-MO2L -%-MO3L -#-MIL

10 - ML

-8 M3L

+MOP ¥ MLP
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Hinh 4. Bién thién pH trong qua trinh G compost.
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Quan sat trén hinh 4 c6 thé thiy, trong cac thing u & quy
mo phong thi nghiém, gi tri pH ting dan trong tat ca cac thing
U compost va dat cao nhat sau 14 ngay voi pH~9,5. Do khi bét
d4u qua trinh 0, gia tri pH gidm di do hinh thanh céc axit hitu co,
nhung sau do pH tang 1én vi cac axit hitu co chuyén héa thanh
CH,, CO,. Viéc tao ra amoniac tir sy phan huy cac chét hiru co
chura nito 1am tang pH trong giai doan phan huy nhiét do cao.
NH,"va HCO,, cic san pham phﬁn hity khac hoat dong nhu cht
dem duy tri do pH cao trong sudt qué trinh 0 phan [16]. Khi qua
trinh 0 compost gan 6n dinh, pH cta compost cudi dao dong
trong khoang 7,5-8,5.

Nguogc lai, 6 quy mo pilot, gia tri PpH tang theo thoi gian phan
huy. Gia tri pH cao nhit 12 8,32 va thip nhit 13 6,49, tuy nhién pH
on dinh sau khoang 42 ngay. So sanh gia tri pH trong qua trinh
thu nghlem vdi cac yéu cau ciia tiéu chuan TCVN 12408:2020,
c6 thé két luan két qua thir nghiém 1a hop 1¢ (pH ting dén gia tri
16n hon 7 trong qua trinh thir va khong giam xudng dudi 5) [5].

3.5. Ngogi quan trong qua trinh thir nghiém

Ngoai quan ciia mau mang thir vd compost nén dugc quan
sat va ghi lai trong su6t quéa trinh thir nghiém. Hinh 5 thé hién
dién bién qua trinh phan rd ciia mau mang thir nghiém ¢ quy mo
phong thi nghi¢m trong khoang thoi gian 84 ngay.

Ngay 70 Ngay 84

Ngay 56

Hinh 5. Ngoai quan ciia compost va mau thir nghiém trong qua trinh thi
nghiém & quy mé phong thi nghiém.

V& mui, trong 2-3 ngay dau compost c6 mui chua va sau
d6 chuyén sang mui khai trong Vong 5-10 ngay t1ep theo. Sau
khoang 14 ngdy, compost ¢4 mui gin giong mui dit. Vé ngoai
quan, compost ban dau co mau vang nhat do ¢6 nhiéu mun cua sau
khoang 14 ngay thi chuyén dan sang mau nau. Ddi véi mau mang
thir nghiém, trong tuan dau tién cd cac soi nam phat trién trén bé
mdt mang va mang cling c6 mau sdm hon. Qua trinh phan ra xay
ra nhanh trong khoang 30 ngay dau tién va dién ra chdm hon sau
d6. Sau khoang 70 ngay chi con mot vai manh nho ciia mang thi
nghiém va khong thé phan biét dugc mau mang va compost vao
ngay 84.

10



Hinh 6 thé hién dién bién qua trinh phan r3 ctia mau mang thir
nghiém & quy mé pilot, sau khoang thoi gian 7 ngdy mau mang bét
dau bi min ra va c6 mau sam hon. Tiép d6, sau 14 ngdy mau mang
bit dau v& ra thanh cac manh nho hon. Qué trinh phan ra dién ra
gan nhu hoan toan sau khoang 2 thang. Ngay 70, gan nhu khong
thé phan biét dugc miu mang thir nghiém va compost nén.

Ngay 84

Hinh 6. Ngoai quan clia compost va mau thi¥ nghiém trong qua trinh tho
nghiém & quy mé pilot.

Tir dién bién qua trinh phan 13 dugc mo ta & trén co thé théy,
toc do phan ra cia mang thir nghiém ¢ quy mo pilot nhanh hon so
v61 quy mo phong thi nghiém do trong qua trinh U compost, cdc
diéu kién nhiét do, 4o 4m 6 ca hai quy mo 1a khac nhau nén s anh
huong dén toe d6 phan hity ciia mau [15, 17].

3.6. Mirc dj phdn rd va chét lwgng compost sau qud trinh
thir nghiém

Mirc d6 phéan rd dbi v6i quy mé phong thi nghiém va quy
mo pilot lan luot 1a 98,3 va 99,3% (bang 2). Mitc d phan ra
cta mau mang thir nghiém 6 ca hai quy mé déu dat >90%, diéu
nay ¢6 nghia la dat yéu cau vé do phan ré theo tiéu chuan TCVN
13114:2020 [4].

Bang 2. Mirc do phan ra cia mau mang thir nghiém.

Quy m phong thi nghiém Quy md pilot
Thong sb
ML ML ML MLP
Khoi lugng méu mang thir ban ddu () 20,009 20,001 20,000 85,000
Kth lugng mau mang thir con lai sau 0392 0140 0470 0639
sing (g)
M dg phan rd (%) 98,04 99,30 97,65 99,25
Trung binh (%) 98,33 99,25

Ngoii ra, dé xac dinh chat lugng ciia qua trinh G phan, mot s
thong s cua compost dugc xac dinh nhu ham lugng chét rin bay
hoi, ty 1€ C/N, d9 giam néng d6 cht rén bay hoi va dg chin cua
compost nhu thé hién trong bang 3.
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Bang 3. Thong s6 chat lweng clia compost sau qua trinh thir nghiém.

Quy md phong thi nghiém Quy md pilot
Théngsé Thmdc Sau thir nghigm zrmic Sau thir nghi¢m
thie thir
ghipn MWOLL ML ML MIL 2L ML gy MOP MLP
HimlongC 3508 3142 3265 324 3257 320 364 K 2958 3031
HimlongN 175 230 266 280 237 268 278 125 16 158
TYRON 2009 1367 1228 189 1374 1193 1412 2545 1818 1917
ko yor wg mm M4 RN S B N0 650 647
tong s0 (%)
Hamhiogit o0 G0 8 B8 B BB KIS 0B RS K0
ran bay hot (%)
Dj gidm nong
0 chit rén bay 6036 6053 5984 6391 6561 6490
hoi (%)
D chin cia
compost - - - - - - - - \ v
(Rottegrad)
o 126 801 IR 78 785 791 81 649 812 816

Ham luong chit rén bay hoi cua compost nén trudc thir
nghiém ddi voi quy mo phong thi nghiém va quy mé pilot 1an
luot 13 94,6 va 92,73%. C6 thé thay, ham luong chat hitu co cua
compost nén tuong d6i cao didu nay tao diéu kién thuan loi cho
qua trinh @ phan. Sau qua trinh thir nghiém, ham lugng chat rin
bay hoi ctia compost cudi thap hon mét chut so véi truge thir
nghiém trong khoang 80-83%, chimng t6 mot phan chat hitu co
da dugc chuyén hoa thanh CO,. Diéu nay ciing c6 thé xac nhan
thong qua gia tri C/N clia compost cudi giam di so v6i gi tri ban
dAu d6i voi ca hai quy mo.

Do giam néng do chét rin bay hoi trong thtr nghiém quy
mo phong thi nghiém cua tit ca cac thing G >30%. Két qua thir
nghiém dugc xem 1a hop 1€ [6].

D9 chin cua compost trong thir nghiém quy mo pilot dugc
xac dinh sir dung thang do Rottegrad. Compost trong thing mau
tring va thung méau thir déu c6 mirc Rottegrad 1a V (Tmax <30°C
sau 2-5 ngay), diéu niy co nghia 1 compost di chin va qué trinh
1 compost da 6n dinh.

4. Két luan

Kha nang phan rd cua bao bi than thién moéi truong trong
diéu kién u compost cong nghiép c6 kiém soat di dugc nghién
ctru va so sanh theo tidu chuan TCVN 12409:2020 va TCVN
12408:2020. Dién bién cta cac thong sb nhiét do, do m, pH va
ngoai quan trong qua trinh  compost di dugc so sanh dbi voi
hai quy md. Két qua cho thdy, mic do phén rd ciia bao bi than
thién méi truong & ca hai quy mé thur nghiém déu dat yéu cau
trén 90%. Nhin chung, hai quy mé thir nghiém nay cho két qua
muc d phan ra la tuong dwong nhau.

n
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Nghién ciru ndy duoc thuc hién trong khudn khé dé tai cp
B¢ Khoa hoc va Cong ngh¢: “Nghién ctru xay dung quy trinh thir
nghiém danh gi4 kha nang phan hiy sinh hoc cua vat liéu chat déo
dang duoc san Xuét va tiéu thy tai Viét Nam phu hop véi cac to
chtre chimg nhan quéc t&” do Trung tim Cong nghé Vat liéu chi
tri thye hién. Céc tac gia xin tran trong cdm on.
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Nghién ciru dé xuat giai phap giam mirc tiéng on
khi van hanh may nén khi trong hé thong xir Iy nwéc thai

P6 Khic Uin', Nguyén Manh Cuong', Nguyén Vin Tuyén?, Tran Hing Thuin?, Chu Xuin Quang®

Vién Khoa hoc va Cong nghé Méi truong, Bai hoc Bach khoa Ha Néi, 1 Dai Co Viet, phuong Bach Khoa, quan Hai Ba Trung, Ha Noi, Viét Nam
Trung tam Cong nghé Vit liéu, Vién Ung dung Cdng nghé, C6, phwong Thanh Xudn Bdc, qudn Thanh Xudn, Ha Ngi, Viét Nam

Ngay nhan bai 18/7/2023; ngay chuyén phan bién 21/7/2023; ngay nhan phan bién 7/8/2023; ngay chép nhan ding 10/8/2023
Tom tit:

Hién nay, phuong phap sinh hoc hiéu khi duge sir dung dé xir ly nude thai kha pho bién. Khi xir ly nudc thai, khong khi dwoe cap
cudng bire bang may nén khi vao bé xir Iy sinh hoc v6i cong suit cao nén qua trinh van hanh hé thong thuong xay ra hién tuwong
6 nhiém tleng on, anh hudng dén sirc khoe ciia cong nhan, can b§ ciing nhu dan cw xung quanh. Do d6, nghién ciru va thiét ké b
phan che chiin dé giam tiéng on cho may nén khi nhung khong anh hwong dén hiéu qua hoat dng ciia thiét bi 1 can thiét. Két qua
khio sat trong nghién ciru nay cho thiy, sau 30 phiit hoat dong lién tuc thi nhiét 9 xung quanh méy nén khi ting 2,5°C (tir 29,5 Ién
32,0°C). Khi sir dung mot 16p xnp polyurethane (PU) day 5 cm thi mirc giam tiéng on 12 4,0 dBA; néu thay thé bing 16p bong khoang
day 5 cm thi mirc glam tleng on 1a 14,0 dBA. Khi két hop 16p xop PU day 5 cm bén ngoai va 16p bong khodng day 5 cm bén trong
thi mirc giam tleng on 12 17,0 dBA; néu sir dung 2 10’p bong khoang (mdi 16p day 5 cm) tao thanh kh01 dong nhit thi mirc gidm tleng
on giam toi 24,0 dBA. Nhu vy, sir dung vt liéu xop két hgp bong khoang cho phép gidm mirc tleng on phu hop ngudng quy dinh
cia QCVN 26:2010/BTNMT (70 dBA).

Tir khéa: hop giam mirc tiéng 6n, may nén khi, nwéc thai, tiéng on, vat liéu pho thong.

Chi sé phén logi: 2.7

1. Dt van de

Hién nay, phuong phap sinh hoc hiéu khi dugc sir dung phd
bién dé xir Iy nhiéu loai nudc thai. bac diém chung cua nhom
phuong phdp nay la khong khi dugce cap cudng buc bang méay nén
khi qua hé thong duong ong di vao trong be xur ly sinh hoc [1].
Khi van hanh may nén khi thi gdy ra mirc tiéng on 16n, co thé trén
90 dBA. Tiéng 6n ciia may nén khi khi hoat dong gdy anh huong
dén can bg, cong nhan va ngudi dan xung quanh. Trén thé gioi, da
¢6 cong trinh nghién ctru vé kha nang giam mirc tiéng on khi sir
dung nhimg vt liéu x0p cudn, cao su non, bong thay tinh [2, 3]...
Anh | hudng cua nhiét do dén murc giam nang luong 4m thanh cua
ngudn 4m nhén tao khi st dung tdm duc 13 ciing da dwgc nghién
ctru [4] va timg dung san xuét hop giam tiéng 6n cho may phat dién
[5]. Nhin chung, vidc cach 4m, tiéu dm cho cac thiét bi phat sinh
tiéng dn thuong dwa vao nguyén 1y hdp thu ning luong song am
va phan xa nang lugng song am cua vat liéu [6]. Trong thuc té, dé
glam nang luong song am trén duong truyen ¢6 thé sir dung man
chan, hop giam tiéng on hodc sir dung 16 xo giam chan khi thiét bi
¢6 d6 rung 16n [7-9]. Bi véi cac thiét bi gay dn trong cac phong
kin ¢6 nhidu nguoi thudng xuyén ra vao lam viéc thi sir dung hop
giam tiéng 6n dong nhat dé giam tiéng on s& phi hgp hon so véi
viée str dung man chin don 1¢.

Viée nghién ctru va thiét ké bo phan che chan giam tiéng dn
cho may nén khi van chua thuc sy dugc quan tim & Viét Nam. Vi
vy, viéc nghién ctru b phan che chan giam tiéng dn cho thiét bi
nay la rét can thiét dé dam bao hoat dong ctia may nén khi khong
gdy anh huong dén con ngudi. Nghién clru nay tién hanh kiém
chimg mirc d6 6 nhidm tiéng on cia may nén khi thuong dung
trong cac tram xur Iy nude thai tai Viét Nam. Trén co sd do, nghién

“Tac gia lién hé: Email: cxquang@most.gov.vn
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ctru tién hanh danh gia kha nang cach dn ctia mot s6 loai vat liéu va
anh hudng cua két cAu, cAu truc bé mat vat lidu téi hiéu qua cach
6n dé lwa chon dugc phuong phap giam tiéng dn hiéu qua cho qua
trinh van hanh may nén khi.

2. Phuong phap nghién ciiu
2.1. Qud trinh thi nghiém

Nghién ctru sir dung may nen khi loai XINGBAO 0,375 kW
(Trung Qudc). May nén khi dugc dit trong hop thi nghi¢m. De
giam rung cho mdy nén khi thi nguoi thuc hién st dung xop mém
dat bén dudi dé thiét bi (hinh 1). Hop giam tleng on dugc thiét ké
thanh khéi dong nhat, dam bao kin. Cac khdi xdp duoc ldp rap
bing thanh gd nho, dung bing dinh rong 5 cm dé bit kin. D6i v6i
két cau nhiéu 16p thi cac 16p vat lidu s& duoc ép chit voi nhau bang
soi ddy ndi ¢6 thanh ngang. Céc tim bién ngoai duogc lip rép bang
thanh gb nho va dung bang dinh bit kin.
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Hinh 1. M6 hinh 13p dat hop giam tiéng én.1: [6p vat liéu; 2: khoang khong
khi; 3: 16p xbp chéng rung; 4: nén gach; MNK: may nén khi.
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noise for the operation of air compressors

in wastewater treatment system
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Abstract:

Currently, aerobic biological methods are widely used for
wastewater treatment. During the wastewater treatment process,
air is forced by an air compressor into the biological treatment
tank with high capacity, so, noise pollution often occurs during
the system operation. This is affecting the health environment
for workers, staff, and the surrounding population. Therefore,
it is necessary to investigate and design a cover to reduce noise
for the air compressor but not affect the operating efficiency
of the device. The results in this study showed that after 30
minutes of continuous operation, the temperature around the air
compressor increased by 2.5°C (from 29.5 to 32.0°C). The noise
reduction is 4.0 dBA in case a polyurethane foam layer of 5 cm
is used, and the noise reduction is 14.0 dBA if it is replaced with
a mineral wool layer of 5 cm. The noise reduction is 17.0 dBA
when combining the outer with a 5 cm polyurethane foam layer
and the inner with a 5 cm mineral wool layer. Further, the noise
reduction is reduced up to 24.0 dBA in case two layers of mineral
wool (5 cm thick each) are used to form a homogeneous mass.
Thus, using porous materials combined with mineral wool allows
to reduce the noise level in accordance with the requirements of
the QCVN 26:2010/BTNMT regulation (70 dBA).

Keywords: air compressor, noise, noise reduction box, popular
material, wastewater.

Classification number: 2.1

Dé nghién ctru anh hudng ciia két cdu, cau trac bé mat dén mirc
gidm tiéng 6n thi st dung x6p mong PU2 (xbp PU day 2 cm, khdi
luong riéng 25 kg/m?), xbp PU3 (xdp PU day 3 cm, khdi luong
riéng 9,5 kg/m®) va xdp séng. Qué trinh khéo sat bao gom: kiém
chtmg anh huong cta nhiét do, anh hudng cua ciu tric vat liéu dén
hiéu qua giam tiéng dn trong thuc té ciia céc két cdu va khao st sy
thay doi mirc tiéng on sau khi giam rung.

Nghién ctru ldp dit hop giam tiéng on sir dung bong khoang,
x0p PU4 (khdi luong riéng 25 kg/m?) dé kiém chimg mirc giam
tiéng on thyc té. Thay di do day theo 3 mirc: 50, 100 va 150 mm
d6i v6i moi loai vét liéu. Theo doi mirc giam tiéng on sau thay doi
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do day. Két hop sir dung bong khoang 40 va xop PU, tang do day
tong theo 3 mitc (50, 100 va 150 mm) va theo doi mirc giam tiéng
on khi thay doi do day.

2.2. Do mikc tiéng éon va phan tich di liéu

Thoi gian thuc hi¢n mdt chu trinh hit - nén - xa lién tuc ciia may
nén khi trong nghién ctru nay 1a 1,5-2 phut. Bat cong tdc va dé may
hoat dong on dinh khoang 5 phut thi tién hanh do nhi¢t d§ va muc
tiéng on xung quanh vdi tin suat 2 phut/lan trong 30 phut. Ghi cac
thong so hlen thi vao phleu két qua. Phan tich mirc tiéng On va xéc
dinh mirc tiéng 6n 16n nhat ma may nén khi c6 thé gy ra bang thiét
bi CENTER 320, Hang CENTER, Dai Loan. Xac dinh mirc giam
tiéng 6n can thiét dé dam bao QCVN 26:2010/BTNMT [10].

3. Két qua va ban luan
3.1. Mikc tiéng on ciia mdy nén khi

Tiéng 6n ciia may nén khi hoat dong truge khi st dung hop cach
am duogc thé hién ¢ hinh 2. Két qua do tiéng on trong 30 phut cho
thiy, tiéng on dao dong trong khoang 84,5-85,1 dBA. Trong qua
trinh vén hanh, lyc hut ctia mdy nén khi lam cho van toc khong khi
trudc dau loc ting dot ngdt, ma sat gilra cac chi tiét trong thiét bi,
ma sat giita khong khi va cac bé mat 1am cho nhiét do méay nén khi
tang 1én [11, 12]. Trong 30 phit hoat dong lién tuc thi nhiét d§ xung
quanh sat may nén khi téng 2,5°C (hinh 3). Vi vdy, dé nhiét do may
nén khi khong tang qué cao lam giam tudi tho thiét bi va gy on thi
ngu’m str dung can thay d6i phuong thirc van hanh, bao duo‘ng nhu
giam tan suit sir dung bang cach ting thém s luong may nén dé
thay phién nhau hoat dong.
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Hinh 2. Bién thién mic tiéng 6n may nén khi khi hoat dong lién tuc.
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Hinh 3. Nhiét d6é cua may nén khi khi hoat dong lién tuc.
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.32 Anh hwéng cua tim dém dén kha ndng gidm tiéng
on

Rung dong cua mdy nén khi s€ gdy nén va cham gitra aé thiét bi
va nén gach, va cham nay s€ tao ma sat va 1am hao mon de lam tang
mirc tiéng 6n. Nghién ctru theo ddi bién thién mirc tleng on cua may
nén khi truge va sau khi glam rung. Khi st dung x6p 16t mém thi
mirc tiéng 6n méay nén khi giam 0,1- 0,4 dBA (hlnh 4). Vi vay, chéng
rung cung la mot phuorng phép giam on, cang glam rung tt thi murc
tiéng On cua thiét b cang thap. Trong thuce té, co thé giam rung bing
cach dit bén dudi dé thiét bi mot lop xop hoac vat liéu mém du day
dé dé thiét bi khong va cham voi san. Doi voi céc thiét bi c6 do rung
va khéi lugng 16n thi c6 thé sir dung 10 xo giam chan.
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Hinh 4. Bién thién mic tiéng 6n sau khi giam rung cho may nén khi.
3.3. Hiéu qud giam tiéng on ciia cdc logi vit liéu

Khi tang d¢ day 16p vat liéu thi quang duong song 4m phai di
qua vat can tang, van toc song am thay (101 va ap suat 4m thanh
trude, sau bé mat vat liéu thay d6i [10]. Néu 4 ap sudt am thanh thap
hon thi mure giam tiéng On khi di qua vat liéu giam. Khi ting do day
theo 3 murc (50, 100 va 150 mm) thi mirc giam tiéng on khong giam
tuyén tinh ma thay doi theo hinh dudng cong logarit (hinh 5).
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Hinh 5. Mirc giam tiéng 6n ctia céc loai vat liéu.

Mirc tiéng on cao nhit may nén khi trong nghién ciru gy ra
14 85 dBA va cin giam 15 dBA dé dam bao ngudng 70 dBA theo
QCVN 26:2010/BTNMT. Két qua m hinh cho thdy, sir dung bong
khoang, bong thity tinh hodc tim vai dét 13 hiéu qua nhat (hinh 6).
Néu do day vat liéu tir 100 mm tré 1én thi hau hét cac loai vat liéu
ddu ¢6 kha nang giam tiéng on dam bao quy chuan. Tuy nhién, cic
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vat lidu nhu tm vai dét, tm vai tham, tim len g0 c6 gia thanh cao
va dang mong nén dé ¢6 do day mong mudn thi can phai c6 bién
phap lip ghép phitc tap, mot so loai vat lidu khac nhu bong thiy
tinh ¢6 kha nang gy doc... Trong khi do, bong khodng va xdp PU
khong mang nhimg dic diém néu trén. Chinh vi vay, nghién ciru da
Iyra chon bong khoang va x6p PU (dang tim va dang song) dé khao
sat cac thi nghiém tiép theo.
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Hinh 6. Mirc tiéng 6n bén ngoai hop giam tiéng o6n.

3.4. Anh huong ciia két ciu, vit ligu dén nhiét d bén trong
va mirc gidm tiéng on

Khi sir dung vat lidu 1a mot 16p xOp PU2 (xbp PU day 2 cm, khéi
luong riéng 25 kg/m®) dé giam tiéng on thi nhiét do bén trong hop
nhé hon so véi vide st dung 2 16p xbp PU2. Néu thay thé mot 16p
xdp PU3 bén trong bang mét 16p xbp PU3 (xp PU day 3 cm, khoi
lugng riéng 9,5 kg/m?) thi nhiét dd bén trong hop nho hon (hinh 7).
Nhu vay, khi str dung 16p vét liéu cang day thi nhiét do bén trong
hop giam tiéng on cang cao va khi str dung vat liu cang x0p thi
nhiét d6 bén trong hop giam tiéng On cang thép.

34 1+ Xép PU2
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Hinh 7. Bién thién nhiét dé déi véi tirng dang két cau.

Két cAu hop giam tiéng 6n anh hudng dén sy tang nhiét do bén
trong hop giam tiéng on. Nhiét do bén trong hop 1a tong tich liy
nhiét lugng do bién doi tir nang lwong song 4m va nhiét d6 may nén
khi khuéch tan khi hoat dong. Gia thuyét, nhiét do may nén khi ting
ddng déu va trong tng trong mdi diém do dbi véi timg dang két
cAu. Nhiét df tich lily do bién doi ndng luong song 4m cang thap thi
nang lugng song 4m truyen qua két cAu cang cao. Khi sir dung 2 16p
vat liéu thi mirc giam tiéng On cao hon so vdi 1 16p nhung khong
tang tuyén tinh. Két ciu c6 do xbp cao hon thi ning luong song 4m
truyén qua thap hon (hinh 8).
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Hinh 8. Anh hwéng ciia két ciu dén mirc giam tiéng on.

Nhu vay, d¢ day cang 16n thi hiéu qua giam tiéng on cang tot
nhung hi€u qua tang khong tuyén tinh theo do day [13, 14], khi st
dung vat li¢u nhleu lo x0p thi hiéu qua tiéu 4m cang tot nén trong
nghién ctru két céu can tinh toan dén tinh kinh té dé cong trinh vira
¢ thé dam béo tinh ky thudt, vira c6 chi phi hop 1.

3.5. Anh hwéng ciia ciu triic bé mdt vt ligu dén mirc gidam
tiéng on

Khi ning lugng song 4m tiép xtc bé mat vét lidu thi mot phan
nang lugng duge phan xa lai moi truong, mot phﬁn duoc hép thu
va chuyén hoa thanh nhiét ning ¢ bén trong vat liéu va phin con
lai truyén qua l6p vét liéu, day la phan nang luong tryc tiép gy ra
tieng on. Khi tang dién tich ti€p xic cua bé mat nang lugng song
am voi bé mat két cau thi hi¢u qua giam ndng lugng song am cao
hon [15]. Khi goc tiép xtc giira song 4m voi bé mat ting thi xay ra
hién tugng tan xa am lam cho thoi gian tlep xUc cua cac phan tr khi
tang va muc giam nang lugng song am phan xa cao hon so voi goc
tiép xtc thap.

Khi thay thé mot 16p xop phing bang mot 1op xop song thi muc
giam tleng on tang 1én 1,5 dBA (hinh 9). Vi vay, d6i v6i nhimg vat

liéu x0p, co bé mit dang song hodc x0p trimg thi ¢6 mure giam tiéng
dn cao hon so v6i cac vét liéu xbp ¢ bé mat phang.

—-Xbp PU3 + X6p PU2 -m-Xbp séng + xp PU2 -4-Xbp PU2 + Xép soéng + xép PU2
7 -

®
»
L

(4]
L

Mikc giam n (dBA)
w »

%

0 2 4 6 8 10 12 14
Thei gian do (phat)

Hinh 9. Anh hwéng ciia cau triic bé mat vat liéu dén mirc giam tiéng 6n.

4. Két luan

Két qua khao sat cho thay, tiéng on cua mdy nén khi khi hoat
dong dat dén trén 85 dBA gy anh huong 16n dén ngudi van hanh.
Trong 30 phut hoat dong lién tuc thi nhiét do xung quanh may nén
khi tang 1én. Néu sir dung vat lidu 1 tim xdp PU dang song thi mirc
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giam tleng on ting 1,5 dBA S0 VOi thm xop PU dang phang Str dung
vit liéu xOp, bong khoang rét hiéu qua trong giam mirc tiéng on cho
méy nén khi. Khi sir dung két hop 1p x0p PU4 ¢4 dinh bén ngoai
va 2 16p bong khoang 40 ép chit bén trong thi mirc giam tiéng on ¢6
thé dat 15 dBA, dam bao QCVN 26:2010/BTNMT (70 dBA). Két
cau n'c‘ly hoan toan ¢6 thé lap dit va img dung trong thuc té. Dang
két cau va gia tri kiém chu’ng trong nghién cuu co thé duoc sir dung
lam gioi han duorl dé san xuat hop giam tiéng 6n cho may nén khi
co mlrc tiéng on tuong duong. Két qua tir nghlen cuu nay co the
cung cép co so dé mo rong nghién ciru, san xuat hop giam tiéng On
cho cac may nén khi cé cong suét, mirc tiéng on thap hodc cao hon.
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Toi wu nhiét d say qua hoi bang ky thuat say nhiét do th?ip két hop vi song

Trin Ha, M Thi Bich Thao", Nguyén Phwong, Nguyén Thi Hong, Vii Vin Liéu
Trung tam Uom tao Cong nghé va Doanh nghiép Khoa hoc Cong nghé, Vién Ung dung Cong nghé, C6, phweong Thanh Xudn Bdc, qudn Thanh Xudn, Ha Néi, Viét Nam
Ngay nhan bai 19/9/2022; ngay chuyén phan bién 22/9/2022; ngay nhan phan bién 14/10/2022; ngay chap nhan ding 18/10/2022

Muc dich cuia nghién ciru nay la t0i wu nhiét do say qua hoi bang ky thuat say nhiét d§ thap két hop vi song (thye hién trén hé
thong thiét bi say bom nhiét két hop vi séng) sao cho thoi gian say ngan nhét va ham lwgng tinh dau cao nhit. Nguyén li¢u sir
dung cho nghién ctru la qua hdi twoi thu hai tai huyén Vin Quan, tinh Lang Son vao thang 8/2021. Bang thwe nghiém da xdc dinh
dwgc anh hwdng ciia nhiét d9 siy ¢ cac mire: 30, 35, 40, 45, 50 va 55°C dén thoi gian siy va ham lwong tinh dau trong qué hoi
kho (d9 am qua hdi sau say <10%). Két qua nghién ciru da xac dinh dwgc nhiét do t0i wru say qua hoi bang ky thuit say nhiét do
thip két hop vi séng 12 48,7+1°C, thoi gian siy 530+5 phut, ham lwgng tinh diu trong qua hdi khé dat 9,9 ml/100 g. Cac két qua
nghién ciru thyre nghiém nay da cung cap co' s¢' khoa hoc vé ham lwgng tinh diu ciia qui hoi Lang Son, cac thong so ky thuit cho
viée sdy qua hoi bang k¥ thuit say ¢ nhi¢t do thap két hop vi séng, gitp cho viéc sdn xuit, ché bién qua hdi & quy mo cong nghiép,

ning cao gia tri hang héa, phuc vu xuit khau.

Tir khéa: qua hoi, thoi gian, tinh dau hdi, t6i wu nhiét d sdy, vi song.
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Optimisation of the drying temperature
of star anise by low-temperature drying
technique combined with microwave
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Abstract:

The purpose of this study is to optimise the drying temperature of star
anise fruit using the low-temperature drying technique combined with
microwaves on a heat pump combined with microwave drying system so
that the drying time is shortest and the essential oil is highest. The raw
materials used for the research are fresh anise harvested in Van Quan
district, Lang Son province in August 2021. Experimentally, the effects of
drying temperatures at the levels: 30, 35, 40, 45, 50 and 55°C have been
determined on drying time and essential oil content in dried anise fruit
(moisture content of anise fruit after drying <10%). Research results have
determined that the optimal temperature for drying anise fruits using the
low-temperature drying technique combined with microwaves is 48.7+1°C,
drying time is 530+5 minutes, and the essential oil content in dried star
anise fruits reaches 9.9 ml/100 g. These experimental research results have
provided a scientific basis for the essential oil content of Lang Son star
anise fruit, and technical parameters for drying star anise fruit using low-
temperature drying techniques combined with microwaves, helping the
production and processing of anise on an industrial scale, increasing the
value of goods and serving export purposes.

Keywords: microwave, optimisation of the drying temperature, star anise,
star anise essential oil, time.

Classification number: 2.11
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1. Dét van dé

Cay hdi ¢6 tén khoa hoc 13 Illicium verum Hook, tén goi khac 1a
dai hoi, dai hoi hwong hodc bat giac hodi huong. Qua cia cdy hoi 1a
ngudn dugc lidu quy trén thé gidi, dugc sir dung trong cong nghiép
duoc pham va thyc pham [1].

O Viét Nam, noi dén “hdi” 1 n6i dén tinh Lang Son, voi dién
tich trong trén 33.000 ha, chiém khoang 71% tong dién tich trong
cdy hdi cua ca nude. Qua hdi thu hoach 2 vu/ndm, vu chinh tir thang
7 t6i thang 9 va vu sau 13 tir thang 11 t6i thang 2 nim sau. Qua hdi
tuoi chira ham lugng nudc tir 65 dén 85%, tinh dau tir 3 dén 3,5%,
tiy thudc vao gibng, diéu kién thd nhudng, mia vu v thoi diém thu
hoach. Qua hdi kho 1a dic san ciia tinh Lang Son. Trong qua hoi,
thanh phan quan trong nhét 13 tinh dau, c6 thanh phan chi yéu la
trans - anethole chiém 85 dén 90%, ngoai ra con ¢ hon 20 hoat chat
khac la cac terpen, terpineola, pinen, dipenten, limonen... [2]. Thuc
té tai dia phuong trong hdi, qua hoi dem phoi, sdy chiém khoang
30% tong san lwong qua hoi thu hoach, con phan 1on qua hdi tuoi
dugc ban cho tu nhan, bi thwong lai ép gia hodc ban sang Trung
Quoc anh huong dén doi séng clia nguoi trong hoi. Hién nay, san
xudt qua hdi kho & Lang Son theo phuong phdp thu cong, chu yeu
1a dem phoi, dan t6i cht lugng qua hoi khd c6 mau séc khong dong
déu, 13n nhiéu tap chit, ndm méc... anh huong dén viée bao quan,
lam giam gia tri ctia qua hoi. Mot s doanh nghiép da dau tur 16 siy
thii cong hodc thiét bi say sir dung nang luong mat troi..., tuy nhién
& quy md nho va chét luong qua hoi khong on dinh nén chua dap
{mg yéu ciu cho xuat khau.

Trén thé gioi, hé thong sdy bom nhiét (sdy lanh) két hop vi song
da dugc mg dung rat hidu qua cho nganh dugc va ché bién thuc
pham [3]. Hién nay, & Viét Nam c6 nhiéu cong trinh nghién ctru img
dung sdy bom nhiét két hop vi song cho nganh ché bién thyc phim
nhu: ¢4, ca rot, hanh 1... di thu duoc két qua tot, ngoai viée giam
duoc thoi gian sdy con ning cao niang suat, chét luong cho san pham
sdy [4]. Viéc tng dung thiét bi sdy bom nhiét, két hop vi song dé
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séy qué hdi ¢6 ¥ nghia thue té, do qua hoi chira nhiéu tinh déu nén
dé bay hoi ¢ nhiét do cao va qua hdi hay bi bién d01 mau sic trong
qua trinh sdy. Viéc nghién ctru xac dinh nhiét do sy t0i wu 14 can
thiét nham dam bao mau sic va giir dwgc luong tinh dau trong qua
hi ton that it nhét, diéu nay ¢6 ¥ nghia quan trong cho san xuat qua
hoi kho xuét khau [5].

Muc dich ctia nghién ctru nay 1 t6i wu nhiét d6 siy qua hdi bing
k¥ thuat sdy nhiét do thip két hop vi song (thuc nghiém thyc hién
trén hé thong thiét bi siy bom nhiét két hop vi song) dat ham muc
tiéu: thoi gian sdy ngén nhit va ham lugng tinh dau cao nhat.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit ligu

Sir dung qua hoi tuoi trong tai huyén Vin Quan, tinh Lang
Son, dugc thu hai vao thang 8/2021. Qua hoi tuoi sau thu hai duoc
déng tai PE, bao quan trong thung carton va van chuyén vé noi thi
nghiém, thoi gian tir khi thu hai dén khi dua vao thi nghiém khong
qua 48 gio.

Thiét bi sir dung cho thi nghiém 1a hé thong hé théng sdy bom
nhiét két hop vi song dang pilot, cong suit 50 kg/mé, khoang
diéu chinh nhiét do 30-55°C, bd vi song gém 6 dau cong suat
1.000 W/dau phat (hinh 1).
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Quahoi || U | Rua || Chin L Siy |- Pong
tuoi sach 201

Hinh 2. So’ d6 cong nghé ché bién qua hoi.
Do 4m X (%) ciia qua hdi dugc tinh theo cong thire sau:
-
p
trong do: m, la kh01 lugng nudc cat duoc sau lan cat 1 (g); m, la
khéi luong nuorc cat dwgc sau 1an cat 2 (g); p 1a khéi luong mau (g)

X = 2 x 100

2.4. Phwong phdp xdc dinh ham legng tinh dau trong qud hoi

Xac dinh ham lugng tinh dau trong qua hoi bang phuong phap
chung cét 16i cudn theo hoi nuoc tryc tiép (Duoc dién Viét Nam II1,
phu luc 9, trang PL-141) [7

Ham luong tinh dau héi Y (ml/100 g) duge tinh theo cong thirc
sau.
m

m( -X)

trong do: m | 1 luong tinh dau hoi thu duoc (ml); m 1a khéi lugng
qua hoi (g); x 14 d6 4m qua hoi (%).

x 100

2.5. Phwong phdp todn hoc

BUONG SAY

Hinh 1. Hé thdng say bom nhiét két hop str dung vi séng.

2.2. Bé tri thi nghiém

Cong nghé ché bién qua hoi kho duoc trinh bay theo so d6 hinh
2.Qua hoi tuoi dem U thoi gian 72 gio, sau d6 dugc rua sach va chan
0 nhiét d6 70°C véi thoi gian 3 phit, dé rao nude va dua vao buéng
sdy dit trén cac gian co gan truc quay dé vi song phat huy tac dung
va nhiét do sy duoc phan bd déu trén qua hdi. Mdi thi nghiém duoc
tién hanh voi 20 kg hdi tuoi, nhiét do siy khao sat & cac mue: 30, 35,
40, 45, 50 va 55°C; sy cho dén khi do 4m qua hdi <10%. Xac dinh
thoi gian sdy va ham luong tinh diu trong qué hoi.

2.3. Phwong phdp xdc dinh dp dm ciia qua hoi

Xac dinh d6 4m ctia qua hdi theo phuong phap ding dung méi
(Duoc dién Viét Nam IV, phu luc 12, 13, trang PL-240) [6].

&EOH?\IAG NGHE 65(10DB) 10.2023

Phuong phap phan tich hoi quy xay dyng
mo hinh thyc nghiém xac dinh anh hudng
nhiét do séy o cac muc: 30, 35, 40, 45, 50,
55°C (dén khi d6 am qua hoi <10%) t6i thoi
gian say va ham luong tinh dau.

Yéu t0 anh hudng: A (nhan t6 bién ky hiéu
A) nhiét 4o say.
Ham muc tiéu: Y : thoi gian sdy (phut) dat

min va Y,: ham hrorng tinh dau (ml/100 g) dat
max.

T6i wu hoa nhiét df sy tr md hinh thyc
nghiém da dugc ma hoa st dung phan mém
Design-Expert 7.1 [8, 9] .

3. Két qua va ban luan
3.1. Xay dung mé hinh thuc nghié¢m

Két qua thuc nghiém qué trinh sy qua hdi theo mé hinh thuc
nghiém voi mot s0 yéu to duge thé hién ¢ bang 1.

Bang 1. Nhan té va cac mirc do bé tri theo mé hinh thwe nghiém.

A: nhiét d9 sdy Y,: thoi gian sy Yz: ham lwgng tinh

Miu

(C) (phiit) dau (ml/100 g)
1 30 816 11,9
2 35 751 11,2
3 40 659 108
4 45 558 103
5 50 525 99
6 55 500 9,0
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3.2. Xdy dung phwong trinh hoi quy thuc nghiém thoi gian sd'y

Két qua phan tich hoi quy ciia phuong trinh thoi gian sy duge
trinh bay ¢ bang 2. Theo do, phuong trinh hdi quy tuyén tinh duoc
lya chon c6 gia tri £=89,61 (p-value=0,0007) cho biét mo hinh
tuyén tinh hoan toan phu hop vdi thuc nghiém. Thém vao do, gia
tri hé sO xéc dinh R? va | SS— lan luot bang 0,9573 va 0,9466
cho thdy phwong trinh hoi quy tuyén tinh don bién hoan toan tuong

mo hinh tuyén tinh hoan toan phu hop véi thuc nghiém. Thém vao
d6, gia tri hé s xac dinh R? va | S— lan luot bang 0,9836 va
0,9794 cho thay phuong trinh hoi quy tuyén tinh don bién hoan
toan twong thich, cho phép biéu dién 98% su phu thudc cta ham
luong tinh diu vao nhiét do séy.

Bang 4. Phan tich héi quy clia phwong trinh ham Iwgng tinh dau.

A & Tong binh R . p-value
0,
LlEcAh, dcAhoAphep biéu dién 95% s phu thugc cia thoi gian sdy vao  Ngudn gbe Tro et o . (prob>f)
16t do sdy. Phuong trnh 5,1 I 5,1 2392 0,0001
Bang 2. Phan tich hoi quy ciia phwong trinh théi gian say. A-nhigtdosiy 5,1 1 51 2392 0,0001
310 bi § Phin du 0,085 4 0,021
A x Tong binh Bictwdo Phwongsai f-value p-value 3
Nguon goc phuong (prob>f) Tong 5,19 5
Mo hinh 794983 I 794983 8961 0,007 R 0.9836
A-nhi¢tdosay 794983 1 79498,3 89,601 0,0007 R 09794
Phan du 3548,53 4 887,13 Y . . o
. Gia tri cac h¢ so0 hoi quy clia phuong trinh ham Iugng tinh dau
Tong 83046,83 5 | R c A 0 . N
00573 va khodng tin cdy 95% duogc trinh bay ¢ bang 5.
R 957 o .
; Bang 5. Hé so hoi quy cta phwong trinh ham lwong tinh dau.
R“h\éuchinh 0’9466
Gia tri cdc hé s6 hoi quy ciia phuong trinh thoi gian sdy va o . .,  Khoingtinciy95%
khoane tin civ 95% d trinh bav & bane 3 Thong so Giatri  df Sai s0 chuan VIF
oang tin cdy 95% duogc trinh bay ¢ bang 3. Cinduti  Cin trém
Bang 3. Hé s6 hdi quy clia phwong trinh thoi gian séy. .
g ) auy P g g y He s0 chan 10,52 1 0,06 10,35 10,68
Théng s Giatri  df  Saisd chudn Khodng tin ey 95% VIF A-nhigtdg sy -135 1 0,087 -1,59 -1 1
Can dwéi  Cin trén Ta o
Hé s6 chan 634,83 1 12,16 601,07 668,59 aco:
A-nhigtdosdy -1685 1 178 20792 119,08 1 Phuong trinh hoi quy bién mé hoa: Y =10,52-1,35xA.

Ta co:
Phuong trinh hdi quy bién ma hoa: Y =634,83-168,5xA.

Phuong trinh hoi quy bién thyc: Y =1207,73333-13,48xNhiét
do say.

MGi quan hé tuyén tinh giita thoi gian sdy va nhiét do sdy duoc
biéu dién ¢ hinh 3.

870

7525

635

517,5 ]

Théi gian siy (phiit)

400

T T
36,25 42,50

Nhiét d9 sy (°c)

T
30,00

Hinh 3. Anh hwéng cua nhiét do sy dén thoi gian sy.

3.3. Xdy dung phwong trinh hoi quy thwe nghiém ham lugng
tinh dau
_ Két qua phan tich hoi quy cta phuong trinh ham lugng tinh
dau dugc trinh bay ¢ bang 4. Theo d6, phuong trinh hoi quy tuyén
tinh dugc lya chon c6 gid tri £=239,2 (p-value=0,0001) cho biét
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~ Phuong trinh hoi quy bién thuc: Y,=15,10667-0,108xNhiét do
say.

) Méi quan hé tuyén tinh gitta ham luong tinh ddu va nhiét do
say duoc thé hién ¢ hinh 4.

122

11,35

10,5 |

9,65 ]

Thoi gian siy (phiit)

8,8 —

T T T T
30,00 36,25 42,50 48,75

Nhiét d9 sy (°c)
Hinh 4. Anh hwéng ciia nhiét do say dén ham lwong tinh dau.

3.4. Toi wu héa nhiét dj sdy qud hoi bing ky thudt siy nhigt
do thap ket hop vi song

Qua trinh say qué hoi bing ky thuat say nhiét do thap két hop
vi song dugc tién hanh sao cho thoi glan sy nho nhat va ham
lugng tinh dau trong qua 16n nhat. Tién hanh giai bai toan toi uu
bﬁng cach chap muc ti€u theo thudt toan “Ham mong doi” dugc
dua ra boi G. Derringer va cs (1980) [9]. Két qua t0i wu hoa st
dung phan mém Design-Expert 7.1 dugc trinh bay & hinh 5 va 6.

L)



Mitc 4§ dip éng ham mong dgi

Nhiét ¢
Thii gian
Him lrong tinh déu

Hé 0 ky vong

0,000 0250 0,500 0,750
Hinh 5. Mirc do dap (rng sw mong doi cla nhiét do sdy va cac ham muc
tiéu.

Hinh 5 cho théy, khi yéu t6 nhiét do sy dép (mg 100% thi kha
nang (jat duoc ham muc tiéu: thoi giap say dat 83,76%, ham lugng
tinh dau dat 84,76% so v6i mong mudn. Ham mong dg¢i chung dat
dugc 84% la kha cao, nhu vay da dat dugc muc tiéu dit ra.

30,00
Nhiét d6 siy = 48,70°C

e

500
Thai gian siy = 551,3 phiit
10
9

Ham hrgng tinh diu=9,85 ml/100g

Hinh 6. Két qua tbi wu hoéa clia phwong trinh.

Hinh 6 cho thy, qué trinh sy qua hoi dwgc tién hanh & nhiét
0 48,7°C, thoi gian sdy 551,3 phit, ham luong tinh dau dat dugc
12 9,85 ml/100 g voi mirec d6 dap ung sy mong doi 1a 84%.

3.5. Thuc nghiém kiém tra lai két qud t6i wu héa

Thyc nghiém duoc lap lai 3 1an voi thong sd t6i wu, diéu chinh
thong sb nhiét do phi hop véi thyc té. Cac gié tri thu dugc thé hién
o bang 6.

Bang 6. Két qua thwe nghiém sdy qua héi & diéu kién téi wu.

:g l:lhéllr:l: Nhiét d (C) ;l;)l;lbl;it)gian sy :-llri:l/n;‘l)l;qgr;g tinh diu
1 48,5+0,5 547 9,90
2 48,5+0,5 545 9,90
3 48,5+0,5 543 9,90
Gia tri thye nghi¢ém trung binh 545 9,90
Gi tri dur bdo theo bai todn tbi wu 551 9,85

Két qua bang 6 cho thay, gi4 tri thuc nghiém trung binh la: thoi
gian sdy 545 phut va ham lugng tinh dau 9,9 m1/100 g. Gié tri du
béo theo bai toan ti wu: thoi gian sdy 551 phut va ham luong tinh
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dau 9,85 ml/100 g: Nhur véy, gi4 tri thuc nghiém va gi4 tri dy bao
gan tuong duong nhau, c6 nghia la phwong trinh thyc nghiém phu
hop vai thue té.
4. Két luan

Nghién ctru ndy da t6i wu hoa nhiét do sdy qua hdi bang k§
thuat sdy nhiét do thap két hop vi song, két qua thuc nghiém phu
hop véi bai toan tbi tu cho thiy phuong trinh thye nghiém phi hop
v6i thuc té, qua d6 da xéc dinh nhiét d¢ t6i wu cho siy qua hoi la
48,5+0,5°C dé dat thoi gian sdy 545 phut va ham luong tinh dau
9,9 ml/100 g.

Két qua nghién ciru ndy cung cap co s khoa hoc vé ham luong
tinh du ciia qua hoi Lang Son, cac thong sd k¥ thuat cho viée séy
qua hodi bang ky thuat sdy & nhiét do thip két hop vi séng, gitp
doanh nghiép co thém dir liéu trong viéc khai théc, san xudt qua
hdi kho tir qua hoi tuoi ¢ tinh Lang Son.

Nghién ctru duoc thuc hién thong qua Dé tai cdp B “Nghién
ctru hoan thién cong nghé ché bién mot sé san pham tir qua hdi
Lang Son”. Nhom tac gia xin tran trong cam on.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gli dang trén Tap chi phai la bai viét nguyén thuy (chua dugc cong bé trudc dé). Tac gia khong dugc gli dang bai
viét trén cac tap chi khac cho dén khi co quyét dinh xét duyét clia Ban Bién tap.

Bai bao dai khong qué 10 trang (bao gém cé bang biéu, ghi chd, tai liéu tham khao va phu luc); font chii: Times New Roman;
cd chii 13; khé gidy A4, 18 trén 2 cm, 18 dudi 2 cm, 16 trai 3 cm, 16 phai 2 cm.

Bai viét glii vé Toa soan dusi dang file mém va ban in; c6 thé guii truc tiép dén Tap chi (Phong 507, s 113 Tran Duy Hung,
Cau Gidly, Ha Noi) hoac qua hom thu dién ti: khoahocvacongnghevietnam @most.gov.vn.

Ténbai bao

- Tén bai béo dugc viét bang tiéng Viét va tiéng Anh, trén trang dau clia bai bao, khong gach chan hay viét nghiéng.

- Tén bai bao phéi ngan gon, rd rang va phu hgp véi ndi dung bai bao.

- Phia dugi tén bai béo la tén tac gia khong viét chic danh va hoc ham, hoc vi. Néu c6 nhiéu tac gia lam viéc & cac cd quan
khac nhau thi tén tac gia dugc danh s6 (*-2-) & phia trén. D&u hoa thj () chi tac gia lién hé, dugc viét & cudi trang dau tién cla
bai bao.

Khi liét ké co quan cong tac clia tac gid, can néu rd tén ¢ quan va dia chi ¢d quan (ti€ng Viét va tiéng Anh).

Tom tat

Tém tat bang tiéng Viét va tiéng Anh (khoang 160-250 tii). Néu dugc muc dich, phuong phap nghién ctu chinh, két qua
nghién cliu va két luan chli y8u. TU khoa b&ng ca ti€ng Viét va tiéng Anh theo thi ty alphabet (it nhat 3 tir khéa). Chi s phan loai
(theo hudng dan).

Datvén dé/dan nhap

Dinh ngha v&n dé; tom lugc van dé nghién cliu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién clu va giai thich
su lya chon dé tai va muc tiéu nghién ctu dé thdy dugc tinh thdi su, tinh khoa hoc va sy can thiét clia van dé nghién cuiu.

Pai tugng nghién cliu can trinh bay tiéu chudn lya chon, dac diém dai tugng nghién ctu.

Phuang phap nghién ctu can néu rd céach ti€p can nghién ctu, loai hinh nghién ctiu, phuong phap do ludng, cong thc tinh
¢8 mau, phuong phap xi ly s liéu, md t& ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan,
cac dan chiing...

Ketoua

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién clu, cac két qua nay phai phuc vu cho muc tiéu nghién ctu.
Cac s0 liéu phai chinh xac va khdp véi nhau.

Phan két qua nghién ctiu chi trinh bay cac két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
Ban ludn (phan nay c6 thé gop véi phan két qua)

Chl y&u ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan cac két qua nghién cliu, cé so sanh véi cac tac gia khac dé khang dinh hoéc phi
dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdi va dong gép cla dé tai.

Dy bao hudng nghién cuiu tiép va kha ning ting dung céc két qua nghién ctu vao thyc tién.

N&u két qua nghién ctu chli y&u clia dé tai co tinh khai quat lién quan dén muc tiéu nghién ctiu, dé xuat cac van dé tiép tuc
nghién cuu.
Chi thich va tai ligu tham khdo

Chd thich dugc danh s6 theo thi ty xuat hién (23 ) va dugc trinh bay ngay & cudi trang viét (footnote).

Cac tai liéu tham khao dudc danh s& theo thi tu xuét hién dé chi dan ching dugc trich dan & dau trong bai béo. S& thi tu
dugc danh trong ngoéc vudng, vi du: [3] véi mdt hodc [2, 5, 7-9] véi nhiéu s6 chi dan.

Luuy:

- DG vdi trich dén trong bai bao: tai lidu tham khao c6 nhiéu hon mét tac gid chi dé tén tac gia du tién va cong sy, viét tét 1a
cs, vi du: T.V. Nguyen va cs (ndm xuét ban) [th( ty trong danh muc tai liéu tham khdo].

- D8i v6i danh muc tai liéu tham khao cudi bai: tai liéu tham kh&o béng tiéng Anh, cac tai liéu khéng phai tiéng Anh can dugc
dich sang tiéng Anh va chu thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai liéu tham khao la cac dudng link can bd sung ngay truy cép.

Tac gia (N&m xuat ban), “Tén tai liéu dugc trich dan”, Tén ngudn, tap (s6), pp<trang dau-trang cudi>, s6 DOI (néu cd)

Tac gia: 1a tac gid/cac tac gia cla tai liéu dugc tham khéo, trich dan: liét ké day dd tén téc gia véi nhiing tai liéu tham khao cé
< 3 tac gi; liét ké 3 tac gid dau tién va theo sau la “et al.” khi c6 tui 4 tac gia trG Ién.

N&m xu&t ban: nam xuét ban cla tai liéu dugc tham khdo, trich dan; Tén tai liéu dugc trich d&n: 1a tén bai bao, chudng/phan
sach..

Tén ngudn c6 thé Ia tén tap chi, tén sach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudgc in nghiéng).

Tap (s6): danh cho ngudn trich Ia tap chi, séch hodc cac xudt ban phdm khac (phan nay in dam).

Trang dau-trang cudi la s& thii tu cac trang phan &nh nai cu trd cla tai liéu dugc trich dan trong tai liéu ngudn.

NEu c6 22 tai liéu tham khao do cling 1 tac gid/nhom tac gia, cling nam cong bé, thi cac tai liéu tham kh&o nay can dugc danh
ddu a, b.. sau nam xudt ban (vi dy: 1986a).

N&u cé mot s6 tai liéu tham khéo trong cling 1 bai bao dugc trich dan cé s trang khac nhau thi can trich dan thém sé trang,
vi du: Kitchen (1982, p.39).

Cac yéu cau khac

- Bai viét khong dat yéu cau, Toa soan khong tra lai ban thao.
- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bdo déng y cho dang.
- B&n quyén: tac gia dong y trao ban quyén bai viét (bao gém c& phan tém tat) cho Ban Bién tap Tap chi.
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Nghién ciru mét sé dic diém sinh hoc ciia chiing nAm dwoc liéu Cordyceps
militaris bach tang (albino) phén 19p tai Viét Nam.

B6 Thi Kim Trang, Dao Ngoc Anb, Tran Bao Trdm, Triwong Thi Chién, Nguyén
Minh Nam, Tran Van Tuan Vit Xudan Tao

Dinh danh si hwong Tiy Giang Cymbopogon winterianus Jowitt dya trén
phén tich phén tir va thanh phin tinh diu sa.

Ma Thi Bich Thao, Nguyen Phuong, Tran Ha, Nguyén Thi Thity Trang, Nguyén Thi
Hong, Hoang Van Tudn

Nghién ciru sir dung vi khuin Bacillus 6 kha ning phén giai lin kho tan trong
1én men chit thai chiin nudi ga 1am phan bén hiru co vi sinh dang léng.
Trieong Thi Chién, Nguyén Thi Thanh Mai, Trdn Bdo Tram, Mai Vii Hodng Giang,
Vi Xuan Tao

Nghién ciru, thir nghi¢m cong nghé song 4m bé mit khong day thu dong dé
giam sat nhiét do trong cac thiét bi din dién cao 4p.

Lé QlﬁOA'C Tudn, Nguyén Van Dua, Nguyén Quéc Hing, Nguyén Hodng Long,
Nguyén Thi Thu Ha, Nguyén Thi Hué

Ngudn phat cho may han siéu 4m sir dung mang rung gom ap dién ing dung
han trén chit lidu vai khong dét.

Tran Vin Higp, Vii Minh Thogi, Nguyén Huy Khdn, Vii Xugn Manh, Nguyén Huy
Céng, Nguyen Dang Co, Bui Dinh Tu, Nguyen Hai Binh

Cic phuong phap nang cao an toan cho robot cong tac nguwoi - may.
Nguyén Vin Thiedng, Tran Xudn Thinh, Giang Manh Khéi

Téi wu mot sb yeu tb anh huéng dén quy trinh thu nhén hop chét tannin c6
hoat tinh khéng vi khuén Vibrio parahaemolyticus tir 14 cdy bang (Terminalia
catappa L.).

Lé Thi Huyén, Trirong Minh Ngoc, Ho Viét Thé, Nguyén Ba Tho, Nguyén Thj Lién

Téi wu hoéa diéu kién tich chiét saponin steroid tir 14 ciy Costus pictus bang
phuong phap dép ing bé mit va khio sit khang khuin ciia cao chiét thu dwge
trong diéu kién t6i wu héa.

Ng~uyé~n Pao Thanh Hirong, Ho Thi Nguyét, Trirong Minh Ngoc, Lé Thanh Binh,
Do Thi Mai Trinh, Bui Duong Xudn An

T6i wu mt s6 yéu t6 anh huéng dén qua trinh tach chiét hop chét polyphenol
tir hat cau (4reca catechu L.) bing phwong phap dap ing bé mit.
Nguyén Ba Tho, Trirong Minh Ngoc, Lé Thi Huyén, Nguyén Thi Lién

Lang dong 16p phit vang trén bé méit mang PET bang phwong phap phun xa
magnetron. . ) .
Nguyén Thi Thanh Lan, Pham Hong Tuan, Nguyén Thanh Hop

Khio sat anh hwéng ciia cong nghé toi laser t6i do cing va ciu tric té vi ciia
thép P18. : N
Nguyen Vin Thanh, Nguyén Thanh Hop, Nguyén Duy Dan

Nghién ctru va tich hop hé thit bi khic trén vét li¢u nhya sir dung laser UV
budrc song 355 nm.

Tran T hi Van Anh, Dé Xudn Tién, Cung H&ng Kién, Dinh Van Giang, Truong Dirc
Toan, Tran Xudn T) hinh

Pinh gia kha ning phén ri ciia bao bi than thién méi truong trong diéu kién
i compost ¢ quy mé phong thi nghiém va quy mé pilot.

Tuong Thi Nguyét Anh, Lé Thi Thiry, Poan Hodng Linh, Nguyén Tién Pat, Nguyén
Ngoc Diép, Chu Xudn Quang, Tran Himg Thudn, Ping Thdo Yén Linh

Nghién cuu dé xuét giai phap giam mirc tiéng on khi vn hanh may nén khi
trong h¢ thong xir Iy nwée thai.

PG Khic Udn, Nguyén Manh Cuwong, Nguyén Van Tuyén, Tran Hing Thugn, Chu
Xudn Quang

Téi wu nhiét d9 sy qua hoi bing k§ thuit siy nhiét dj thap két hop vi séng.
Tran Ha, Ma Thi Bich Thao, Nguyén Phuong, Nguyén Thi Hong, Vii Van Liéu

© 8 6 6 6 @@@@@6@

®

77

Study on some biological characteristics of the albino strain of medicinal fungus
Cordyceps militaris isolated in Vietnam.

Thi Kim Trang Do, Ngoc Anh Dao, Bao Tram Tran, Thi Chien Truong, Minh Nam
Nguyen, Van Tuan Tran, Xuan Tao Vu

Identification of Tay Giang citronella (Cymbopogon winterianus Jowitt) based on
molecular markers and essential oil compositions.

Thi Bich Thao Ma, Phuong Nguyen, Ha Tran, Thi Thuy Trang Nguyen, Thi Hong
Nguyen, Van Tuan Hoang

Research on using Bacillus bacteria capable of insoluble phosphorus solubilisation
in fermentation of chicken waste as liquid microbial organic fertiliser.

Thi Chien Truong, Thi Thanh Mai Nguyen, Bao Tram Tran, Vu Hoang Giang Mai, Xuan
Tao Vu

Research and experiment the wireless passive surface acoustic wave technology for
conductor temperature monitoring of high voltage equipment.

Quoc Tuan Le, Van Dua Nguyen, Quoc Hung Nguyen, Hoang Long Nguyen, Thi Thu Ha
Nguyen, Thi Hue Nguyen

Design ultrasonic power generators for welding machines using piezoelectric
ceramic materials for welding on non-woven fabrics.

Van Hiep Tran, Minh Thoai Vu, Huy Khan Nguyen, Xuan Manh Vu, Huy Cong Nguyen,
Dang Co Nguyen, Dinh Tu Bui, Hai Binh Nguyen

Research on methods of improving safety for collaborative robot.
Van Thuong Nguyen, Xuan Thinh Tran, Manh Khoi Giang

Optimisation of the process of acquiring tannin compounds with anti - Vibrio
parahaemolyticus from the leaves of sea almond tree (Terminalia catappa L.).
Thi Huyen Le, Minh Ngoc Truong, Viet The Ho, Ba Tho Nguyen, Thi Lien Nguyen

Optimising steroid saponins extraction from Costus pictus leaves using response
surface methodology and investigating antibacterial properties of extracts obtained
under optimised conditions.

Dao Thanh Huong Nguyen, Thi Nguyet Ho, Minh Ngoc Truong, Thanh Binh Le, Thi Mai
Trinh Do, Duong Xuan An Bui

Optimising certain factors influencing the process of extracting polyphenolic
compounds from areca nuts (4dreca catechu L.) using response surface methodology.
Ba Tho Nguyen, Minh Ngoc Truong, Thi Huyen Le, Thi Lien Nguyen

Deposition of gold on a PET film by pulsed DC magnetron sputtering.
Thi Thanh Lan Nguyen, Hong Tuan Pham, Thanh Hop Nguyen

Investigating the effects of the laser quenching technology on the hardness and
microstructure of P18 steel.
Van Thanh Nguyen, Thanh Hop Nguyen, Duy Dan Nguyen

Research and integrate laser marking system on plastic materials using 355 nm
UV laser.

Thi Van Anh Tran, Xuan Tien Do, Hong Kien Cung, Van Giang Dinh, Duc Toan Truong,
Xuan Thinh Tran

Evaluation of the disintegrability of eco-friendly packaging under laboratory and
pilot-scale composting conditions.

Thi Nguyet Anh Tuong, Thi Thuy Le, Hoang Linh Doan, Tien Dat Nguyen, Ngoc Diep
Nguyen, Xuan Quang Chu, Hung Thuan Tran, Thao Yen Linh Dang

Research on proposing solutions to reduce noise for the operation of air compressors
in wastewater treatment system.

Khac Uan Do, Manh Cuong Nguyen, Van Tuyen Nguyen, Hung Thuan Tran, Xuan
Quang Chu

Optimisation of the drying temperature of star anise by low-temperature drying
technique combined with microwave.
Ha Tran, Thi Bich Thao Ma, Phuong Nguyen, Thi Hong Nguyen, Van Lieu Vu
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