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Khio sat thanh phan héa hoc, hoat tinh khang vi sinh vit va khang oxy héa
ctia cao chiét tir vo Iua hat diéu (Anacardium occidentale L.)

Nguyén Thi Dung, Nguyén Vin Toan, Pham Hii Son, Biii Lé Kha T, Nguyén Thi Liéu, Buii Biao Thinh*
Trung tam Cong nghé sinh hoc TP. H6 Chi Minh, phwong Trung My Tay, TP. Ho Chi Minh, Viét Nam
Ngay nhan bai 9/12/2024; ngay chuyén phan bién 11/12/2024; ngay nhan phan bién 15/1/2025; ngay chip nhan dang 20/1/2025

Tom tit:

V6 lua hat diéu (Anacardium occidentale L.) 12 mdt phu pham nong nghiép giau tiém ning, chira nhiéu hop chat ty
nhién véi cac hoat tinh sinh hoc quan trong. Nghién ctru nay khao sat thanh phin hoéa hoc, hoat tinh khang vi sinh
vét va khang oxy hoéa ciia cao chiét ethyl acetate tir vo lua hat diéu. Phén tich dinh tinh cho thiy, cao chiét chira
cac nhém hgp chit nhw polyphenol, flavonoid, coumarin, tanin, nhung khong phat hi¢n alkaloid va saponin. Téng
ham lugng polyphenol va catechin ciing cac din xuit lan lwot dat 566,50+0,76 mg GAE/g va 517,50 mg/g, trong dé
catechin (247,21 mg/g) chiém ty 1€ cao nhit, tiép theo la epigallocatechin gallate (166,27 mg/g) va epicatechin (94,49
mg/g). Cao chiét thé hién hoat tinh khang vi sinh vit manh, diic biét 13 véi Staphylococcus aureus (21,00+£0,50 mm)
va Candida albicans (11,33+0,58 mm). Ngoai ra, hoat tinh khang oxy héa ciia cao chiét ciing rat dang chu y, véi gia
tri IC,, dat 10,05+0,06 pg/ml, ;hép hon vitamin C (11,62+0,18 pg/ml). Két qua nghién ciru da chimg minh cao chiét
ethyl acetate tir vo lua hat di€u 1a nguon nguyén liéu giau tiém ning, hira hen wng dung trong dwge li¢u va thuc
phim chirc niing.

Tir khéa: Anacardium occidentale L., catechin, khang oxy héa, khang vi sinh vat, polyphenol, vé lua hat diéu.

Chi sé phén loai: 1.4,2.10, 3.4

Investigation of the chemical composition, antimicrobial and antioxidant activities
of cashew nut testa extracts (Anacardium occidentale L.)

Thi Dung Nguyen, Van Toan Nguyen, Hai Son Pham, Le Kha Tu Bui, Thi Lieu Nguyen, Bao Thinh Bui"
Biotechnology Center of Ho Chi Minh City, Trung My Tay Ward, Ho Chi Minh City, Vietnam
Received 9 December 2024; revised 15 January 2025; accepted 20 January 2025

Abstract:

The cashew nut testa (Anacardium occidentale L.) is an agricultural byproduct with great potential, containing
numerous natural compounds with significant biological activities. This study investigates the chemical composition,
antimicrobial properties, and antioxidant capacity of the ethyl acetate extract derived from cashew nut testa.
Qualitative analysis revealed the presence of compounds such as polyphenols, flavonoids, coumarins, and tannins,
while alkaloids and saponins were not detected. The total polyphenol and catechin contents, along with their
derivatives, were 566.50+0.76 mg GAE/g and 517.50 mg/g, respectively, with catechin (247.21 mg/g) being the
predominant compound, followed by epigallocatechin gallate (166.27 mg/g) and epicatechin (94.49 mg/g). The
extract exhibited strong antimicrobial activity, particularly against Staphylococcus aureus (21.00+0.50 mm) and
Candida albicans (11.33+£0.58 mm). Furthermore, the extract demonstrated remarkable antioxidant activity, with an
IC,, value of 10.05+0.06 pg/ml, which was lower than that of vitamin C (11.62+0.18 pg/ml). These findings suggest
that the ethyl acetate extract from cashew nut testa is a promising raw material with potential applications in
pharmaceuticals and functional foods.

Keywords: Anacardium occidentale L., antimicrobial, antioxidant, cashew nut testa, catechin, polyphenol.

Classification numbers: 1.4,2.10, 3.4
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1. it van de

Diéu (dnacardium occidentale L.) 1a mot loai ciy cong
nghiép dai ngay thudc ho Anacardiaceae, c6 ngudn gdc tir
khu vuc PBong Bic Brazil, hién dugc tréng rong rai & cac
vung nhiét doi, dac biét 1a tai Nam Ava bong Nam A, trong
d6 c6 Viét Nam [1]. Hat diéu chira ham lugng dinh dudng
cao gdm protein, chit béo khong bdo hoa, khoang chat
va vitamin [1-3]. Khong chi dugc st dung phd bién trong
nganh thyc phdm, hat didu con c¢6 tiém nang tng dung trong
linh vuc duoc pham. Ngoai nhan hat, cac phu pham tir qua
trinh ché bién nhu v6 hat, vo lua va dau vo hat diéu cling
dang nhan duoc nhiéu sy quan tim nham ting cuong gia tri
sir dung va giam thiéu lang phi [2-4].

Trong s cac phu pham, vo lya hat diéu 1a 16p mang
mong bao quanh nhan hat, chiém khoang 1-3% tong trong
lwong hat va thuong bi loai bo trong qua trinh ché bién [5].
Tuy nhién, nghién ctru da chi ra ring, vo lya chtra nhidu
polyphenol, bao gdm catechin, epicatechin, catechin gallate
va procyanidin v6i cac dac tinh sinh hoc nhu khang vi sinh
vat va khang oxy hoa [4]. Nho nhiing dac tinh nay, vo lua
tré thanh ngudn nguyén liéu tiém ning cho cac nganh cong
nghiép thuc pham, dugc pham va my pham. Trong bdi canh
nhu cdu ngdy cang ting d6i voi cac san pham tu nhién, viéc
tan dung hiéu qua phu pham nay dang thu hut sy cha y cta
nhiéu nha nghién ctru.

Viét Nam, mét trong nhitng qudc gia xuat khau hat diéu
16n nhét thé gici, san xudt mot lugng 16n vo lya hat diéu tir
qué trinh ché bién. Theo udc tinh, tir 80 kg hat didu tho s&
tao ra khoang 1 kg vo lua [6]. Tuy nhién, phan 16n ngudn
phu phdm nay van chwa duoc khai thac hiéu qua, dan dén
lang phi trong chudi gia tri [7]. Mic du trén thé gidi da co
nhiéu nghién ctru vé thanh phan hoa hoc va hoat tinh sinh
hoc cua vo lua hat diéu [8-11], tai Viét Nam, cac nghién
ctru chu yéu tap trung vao phuong phéap chiét xuat [12-15].
Ngoai ra, cac yéu td nhu diéu kién thd nhudng, khi hau va
phuong phap tréng trot tai Viét Nam c6 thé anh huong dén
thanh phﬁn va hoat tinh sinh hoc cta vé lua, nhung chua
duoc nghién ciru chi tiét.

Trude bbi canh toan cau héa va nhu ciu phat trién bén
vitng, viéc tan dung phu pham ndéng nghiép dé tao ra cac san
phém c6 gia tri gia ting dang trd thanh xu hudng. Nghién
ctru thanh phén hoa hoc va hoat tinh sinh hoc cta vo lua
hat diéu tai Viét Nam khong chi nang cao gia tri kinh té ma
con gop phan phat trién bén viing trong nganh nong nghiép.
Do d6, nghién ctru nay tap trung khao sat thanh phan héa
hoc, kha nang khang vi sinh vat va khang oxy hoa cua cao
chiét ethyl acetate tir vo lua hat diéu thu thap tai Viét Nam.
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Dung moéi ethyl acetate duoc lya chon do tinh phan cuc
trung binh, pht hop dé chiét xudt cac hop chét polyphenol
va flavonoid c6 hoat tinh sinh hoc cao, déng thoi 1a dung
moi an toan, it doc hai va than thién voi moi truong [16].
Hon nita, cac nghién ciru str dung dung moéi ethyl acetate dé
tach chiét cac hop chét tir v6 lua hat diéu con han ché. Két
qua nay s& cung cap co s¢ khoa hoc cho viée tan dung hiéu
qua ngudn phu phdm nay, gop phan phat trién cac san pham
tu nhién phuc vu linh vuc y hoc, thuc phém va cong nghiép
trong xu hudéng wu tién san pham tir nhién.

2. Viat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Mau v6 lua hat diéu dugc thu thap tr mét co s& ché bién
tai tinh Binh Phudc (trude sap nhap). Sau khi thu thap, mau
dugc rira ky dé loai bo hoan toan cat va bui ban. Vo lua hat
diéu sach dugc siy kho ¢ 60°C trong 24 gio, sau d6 nghién
thanh bot min véi kich thude hat nho hon 1 mm bang may
nghién trong phong thi nghiém. Bot vo lua dwoc bao quan
trong hop kin & 4°C nham duy tri sy 6n dinh va bao toan cac
hop chét sinh hoc cho cac thi nghiém tiép theo.

2.2. Chudn bi cao chiét ethyl acetate

Dé chuén bi cao chiét ethyl acetate tr bot vo Iua hat diéu,
30 g bot da xur Iy duge can chinh x4c va cho vao ti dap mau.
Sau do, 100 ml dung mdi ethyl acetate dugc thém vao tui,
tron déu hdn hop. Tui chira miu duoc dit vao may dap mau
co hoc va xtr Iy trong 5 phut. Hon hop mau duoc chuyén vao
binh duran sach, bd sung dung moi dé dat ty 1¢ mau: dung
moi 1a 1:10 (khdi lugng: thé tich w/v). Binh chita mau duoc
dit trong bé 6n nhiét (WNB45, Memmert - Dtic) va chiét
ngam trong 24 gio & 50°C dé t6i wu hoa sy khuéch tan cac
hop chit vao dung méi. Sau qué trinh chiét ngam, hon hop
duogc ly tam bang may ly tim (Allegra X-15R, Beckman
Coulter - M¥) trong 8 phut & toe d6 2000 vong/phit va 25°C
dé tach phan dich chiét. Phan dich chiét tiép tuc duoc loc
qua may loc chan khong dé loai bo ba tho. Phan ba duoc
bd sung dung moi moi va chiét ngdm thém hai lan dé thu
nhan t6i da cac hop chét. Toan bo dich chiét dugc gom lai va
dung méi dugc loai bé bang hé thdng co quay chan khong
(Rotary evaporator, R-300), thu dugc cao chiét dang long.
Cao chiét sau d6 duoc hoa tan vao nudc cit theo ty 18 1:4
(v/v), bao quan & -80°C cho dén khi dong hoan toan. Mau
dong lanh dugc dua vao may dong kho chan khong (Low
volume lyophilizer, ALPHA 2-4 LSC Basic) va sy dong
kho trong 72 gid dé thu bot cao chiét kho. Thi nghiém duoc
1ap lai ba lan dé dam bao tinh chinh x4c v6i hiéu suét trich
ly cia cao chiét dat 13,64+0,18%. Do 4m cua cao chiét sau
dong kho dugc duy tri <10% trude khi phan tich.
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2.3. Dinh tinh cdac nhom hop chit hod hoc

Thanh phan hoa hoc ciia cao chiét ethyl acetate tir vo
lua hat diéu duwoc khao sat bang cac phwong phap dinh
tinh. Coumarin dwoc phat hién bang thubc thir NaOH 10%
theo phuong phép cua D.T.L. Huong va cs (2012) [17].
Alkaloid duoc nhan dién bang thudc thir Wagner va Mayer
theo phuong phap ctia N.H. Phung (1999) [18]. Tanin phan
ung voi gelatin, saponin dugc phat hién qua phan Gng tao
bot, polyphenol véi thude thir FeCl, 10%, va flavonoid qua
thuoc thir H,SO, dic theo phwong phap ctia P. Tiwari va cs
(2011) [19].

Ngoai ra, sy hién dién cia polyphenol va catechin dugc
xac dinh bang phuong phap sic ky 16p mong (TLC) theo V.
Rastija va cs (2004) [20]. Hé dung méi pha dong 1a hon hop
chloroform: methanol: acid acetic (9:3:3, v/v/v). Ban TLC
Silicagel 60 F254 (Merck, Buc) duoc nung ¢ 110°C trong
30 phut trude khi st dung. Mau cao chiét va chat chudn
(gallic acid, catechin, néng do 10 g/1) dugc cham 1én ban sic
ky va phat trién trong 25-30 phit. Sau d6, ban sic ky dugc
lam kho, phun dung dich FeCl, 1%, sdy ¢ 95-105°C trong
5-10 phut. Vét mau ctia mau dugc so sanh voi chat chuan dé
xac dinh sy hién dién cua polyphenol hodc catechin.

2.4. Dinh lugng polyphenol t(”;ng s0

Ham luong polyphenol tong sé (TPC) ciia cao chiét
ethyl acetate tr vo lya hat diéu duge x4c dinh theo phuong
phap do mau dung thudc thir Folin-Ciocalteu véi mot s sira
ddi [21]. Cu thé, 1 mg mau cao chiét duoc hoa tan vao 1 ml
methanol, tao thanh dung dich mau 1 mg/ml. Tt dung dich
nay, lay 0,1 ml troén véi 0,5 ml thube thir Folin-Ciocalteu
10%, dé phan tmg trong 10 phut. Sau d6, b sung 0,4 ml
dung dich Na,CO, 7,5%, u hén hop trong diéu kién bong tdi
6 nhiét do phong trong 1 gid. DY hap thu quang hoc ctia hon
hop dugc do tai budc song 765 nm bé‘mg thiét bi doc ELISA
(VersaMAX). Puong chuan duoc xdy dung dya trén dung
dich acid gallic v6i cac ndng do tir 15,625 dén 500 pg/ml.
Két qua duge biéu dién dudi dang miligam acid gallic trong
duong trén mdi gam cao chiét (mg GAE/g cao chiét). Thi
nghiém dugc lap lai 3 lan.

2.5. Dinh lwong catechin va cdc din xudt

Ham lugng catechin va cic dan xuat trong cao chiét
ethyl acetate tir vo lua hat didu dugc phan tich theo phuong
phép ctua H. Wang va cs (2003) [22]. 100 mg mau dugc
chiét siéu am trong 7 ml dung mdi methanol:nude (70:30,
v/v) 6 70°C, sau d6 dinh muc dén 10 ml. Mau duoc loc qua
mang loc 0,45 pm trude khi tiém vao hé thong sic ky long
hi€u nang cao (HPLC) Agilent series 1200, trang bi hai bom
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ghép ndi dau do UV (Waters, M¥). Qua trinh tach dugc thuc
hién trén cgt Zorbax Extend C18 (250%4,6 mm, 5 pm) voi
pha dong gom hai kénh: kénh A (0,1% acid acetic) va kénh
B (acetonitrile). Chuong trinh rira giai theo gradient bét dau
vGi 95% A va 5% B, sau do thay doi ty 1¢ pha dong qua cac
méc thoi gian khac nhau, dat 100% B tai phut thtr 25 trudce
khi tro vé& diéu kién ban dau ¢ phut thir 26 va duy tri d&én
phut thtr 30. Qua trinh phan tich dugc thyc hién & tbe do
dong 1 ml/phut, nhiét do cot 30°C, thé tich tiém 20 ul va
bude song phat hién 280 nm. Cac chat chuan s dung bao
gdm catechin, epigallocatechin gallate, epicatechin gallate,
epigallocatechin va epicatechin dwgc mua tir Sigma-Aldrich
(btc).

2.6. Thir nghiém hoat tinh khdng vi sinh vit

Hoat tinh khang vi sinh vat cua cao chiét ethyl acetate
tir v6 lua hat diéu dugc xac dinh bang phuong phap khuéch
tan trén dia thach theo L.A.J. Bhorgin va cs (2014) [23]
v6i mot s6 didu chinh. Phuong phap nay dua trén kha ning
e ché cua cao chiét tir vo lua hat didu d6i véi cac vi sinh
vat, thé hién qua duong kinh vong vé khuan (mm) xung
quanh giéng thach. Cac vi sinh vét dugc thir nghiém bao
gdm: Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, Salmonella typhimurium ATCC 13311,
Pseudomonas aeruginosa ATCC 27853 va Candida
albicans ATCC 10231. Pé chuan bi mau, cac chung vi
khuan va nam duoc tang sinh trong moi truong Brain Heart
Infusion (BHI) ¢ 37°C trong 24 gio, sau d6 trai trén dia
thach moi truong Mueller Hinton Agar (MHA) v trung ¢
mat do sinh khdi 10° CFU/ml. Cao chiét ethyl acetate dugc
pha lodng bang dung méi nuéc dé dat ndng do thir nghiém
1a 100 mg/ml. Trén dia thach, tao cac giéng c6 dudng kinh
6 mm va thém vao mdi giéng 50 ul dung dich cao chiét
ethyl acetate, véi moi nghiém thirc duoc lip lai ba lan trong
didu kién vo trung. Ampicillin dwoc pha lodng bing dung
moi nude dé dat ndng d6 10 mg/ml sir dung lam déi chimg
dwong dé so sanh hiéu qua khang vi sinh vat. Sau 24 gio
& nhiét d6 phong, duong kinh vong v6 khudn xung quanh
giéng thach dugc do dé danh gia hoat tinh khang vi sinh vat
clia cao chiét ethyl acetate tir vo lua hat diéu. D6i ching 4m
su dung trong thtr nghiém la dung moéi nude.

2.7. Thur nghiém hoat tinh khdang oxy hoa

Hoat tinh khang oxy hoa ciia cao chiét ethyl acetate tir vo
lua hat diéu duogc xac dinh bang phwong phap bat gbe tu do
DPPH, dua trén mo ta cua M.X. Hoa va cs (2018) [15], véi
mot s6 diéu chinh pht hop. Trong qua trinh thir nghiém, cao
chiét ethyl acetate dwoc pha lodng bang dung méi ethanol
& cac ndng do khac nhau (0-62,5 pg/ml). Sau d6, hat 1 ml



dung dich mau cho vao dng nghiém cé chira 4 ml dung dich
DPPH 0,1 mM (D9132-1G, Sigma). Hon hop duoc 1 trong
diéu kién t6i, & nhiét d6 phong, trong vong 30 phut. Sau thoi
gianu, do hép thu quang hoc (OD) cua dung dich dugc do tai
budc song 517 nm. Vitamin C (A92902-100G, Sigma) dugc
str dung 1am méu chuén d6i chimg duong. Hoat tinh khang
oxy hoa ciia miu dugc tinh dua trén kha ning trung hoa gbe
tu do DPPH, thé hién qua phan trim hiéu suét trc ché. Gia tri
IC,, biéu thi n6ng d6 can thiét dé trc ché 50% hoat tinh géc
tu do DPPH, dugc tinh tir dudng cong chudn dé danh gia
mirc d6 khang oxy héa cua cao chiét ethyl acetate.

2.8. Xir Iy 56 ligu

M3di thi nghiém dugc tién hanh 13p lai ba lan, dir liéu thu
dugc duogc trinh bay dudi dang gia tri trung binh £ do léch
chuin. Phan tich s6 liéu dugc thue hién bﬁng cach st dung
phin mém Minitab phién ban 16.2.2.4 va Microsoft Excel
2013 dé dam bao tinh chinh xac va dang tin cdy cuia két qua.

3. Két qua va ban luan

3.1. Pinh tinh cdc nhém hop chit hod hoc ciia cao
chiét ethyl acetate

Viéc dinh tinh cdc nhém hop chit héa hoc trong cao
chiét thuc vat 1a budc co ban va quan trong dé xac dinh
thanh phén hoéa hoc so bg, tir d6 dinh hudng cho cac nghién
ctru sau hon vé tac dung sinh hoc va tiém ning tng dung
[24]. Trong nghién ctru ndy, cao chiét ethyl acetate tir vo lua
hat diéu dugc kiém tra qua céc phan tng hoa hoc dac trung,
cho théy su hién dién ctia coumarin, tanin, polyphenol va
flavonoid (bang 1). Nguoc lai, cac thir nghiém dac hiéu ddi
v6i alkaloid va saponin khong phat hién thdy su hién dién
ctia hai nhom hop chét nay.

Bang 1. Binh tinh cac nhém hop chéat hoa hoc cua cao chiét ethyl
acetate tir vo lua hat diéu.

Pinh tinh  Phén ing Két qua Két luan
Coumarin NaOH 10% + Co

Wagner = Khong
Alkaloid

Mayer = Khong
Tanin Gelatin T Co
Polyphenol  FeCl, 10% + Co

Déu oliu, dun néng 90°C  — Khong
Saponin

Phan ung tao bot - Khong
Flavonoid ~ H,SO, + Co

(-): khéng xuét hién hop chét; (+): c6 xuét hién hop chét.
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Két qua phan tich bang phuong phap TLC cung cb
thém cac phat hién trén. Hinh 1A cho thdy, mau cao chiét
ethyl acetate tir vo lua hat diéu c6 vach trung véi gallic acid
(R=0,63), xac nhén sy hi¢n dién cta gallic acid, mdt hop
chat thugc nhom polyphenol. Twong tyr, hinh 1B cho thay,
mau c6 vach tring véi catechin (R=0,68), chung t6 sy hi¢n
dién cua catechin thuéc nhom flavonoid.

(A) (B)

ey

At e

Hinh 1. Dinh tinh ho'p chéat polyphenol (A) va catechin (B) cia cao
chiét ethyl acetate tir v lya hat diéu bang phwong phap TLC.
EA: Cao chiét ethyl acetate; G: chat chuan gallic acid; C: chat chuén
catechin.

Két qua nay pht hop voi nghién ctru ciia N.V. Toan va
cs (2023) [25] khi cac tac gia ghi nhan sy hién dién cua
coumarin, polyphenol, tanin va flavonoid trong cao chiét vo
lua hat diéu bang cac dung méi ethanol, methanol va nudc.
Nghién ctru cia H.V. Thanh va cs (2023b) [26] ciing khang
dinh rang, polyphenol va flavonoid 1 hai nhém hop chat
chinh trong cao chiét tir nguén nguyén lidu nay. Ngoai ra,
cac nghién ctru trudc day cling da phat hién ham lugng tanin
trong cac bo phan khac nhau cua hat didu, bao gdm ca vo
lya [2, 27, 28].

Polyphenol, flavonoid, coumarin va tanin trong cao chiét
ethyl acetate tir vo lua hat didu déu 1a nhimg hop chét c6
hoat tinh sinh hoc tiém nang. Polyphenol noi bat véi kha
ning khang oxy hoa manh, bao vé té bao khoi tén thuong
do gbc tu do, dong thoi hd trg khang viém, khang khuan
va phong ngtra bénh maén tinh [29]. Flavonoid dong vai tro
quan trong trong bdo v¢ h¢ tim mach, diéu hoa mién dich
va giam viém [30]. Coumarin da dugc chirng minh c6 kha
ning khang khuén, chdng dong mau va diéu hoa mach mau
[31]. Tanin nho kha ning tao lién két véi protein c6 tac dung
bao v€ niém mac ti€u hoa, khang viém va tc ché vi khuan
gdy bénh [32]. Nhin chung, viéc phat hién cac hop chét nhu
polyphenol, flavonoid, coumarin va tanin trong cao chiét
ethyl acetate tir vo lua hat didu cho thdy tiém ning nghién
cuu trong linh vuc dugc liéu va cham soc stc khoe.
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3.2. Ham lugng polyphenol t(fng $6 ciia cao chiét ethyl
acetate

TPC trong cao chiét thuc vat 1a mot chi sd quan trong,
phan anh kha ning khéng oxy hoa va tiém nang sinh hoc
ctia ngudn nguyén liéu [29]. Trong nghién ctru nay, TPC cia
cao chiét ethyl acetate tur vo lua hat diéu duoc xac dinh la
566,50+0,76 mg GAE/g (bang 2). Két qua niy cao hon dang
ké so voi cac nghién ciru trudce ddy, cho thiy tiém ning sinh
hoc 16n ciia mau cao chiét.

So sanh véi cac nghién ctu khac, nghién cuu cua N.T.
Ngan (2023) [12] stt dung dung mdi ethanol/nude (80/20
v/v) thu dugc TPC chi dat 376,34+13,53 mg GAE/g, thép
so v6i nghién ctru hién tai. Sy khac biét nay co thé do ethyl
acetate wu tién chiét xuat cac polyphenol it phan cyc. Tuong
tu, phuong phap st dung enzyme cellulase va pectinase ctua
T.H. Phan va cs (2024) [14] chi thu dugc TPC 165,03+1,17
mg GAE/g, c6 thé vi cu truc té bao khong duoc pha v hoan
toan, dan dén hiéu suit chiét xuét

3.3. Ham lwong catechin va cdc hop chit lién quan
trong cao chiét ethyl acetate

Catechin va cac dan xudt 1a nhitng hop chat flavonoid
quan trong, ndi bat véi kha niang khang oxy hoa manh, trung
hoa géc tu do, bao vé sirc khoe tim mach va hd trg phong
ngua cac bénh man tinh [33, 34]. Viéc xac dinh ham lugng
catechin va cac dan xuét trong cao chiét thuc vt khong chi
gitp danh gia gia tri sinh hoc cia nguyén liéu ma con cung
cap co so khoa hoc cho cac g dung tiém ning trong linh
vue dugce lidu va thuc phdm chirc ning. Trong nghién ctru
nay, tong ham luong catechin va cac dan xuét trong cao chiét
ethyl acetate tir vo lua hat diéu dat 517,50 mg/g cao chiét,
bao gdm catechin (247,21 mg/g), epigallocatechin (8,58
mg/g), epigallocatechin gallate (166,27 mg/g), epicatechin
(94,49 mg/g), va epicatechin gallate (0,945 mg/g) (bang 2
va hinh 2). Két qua nay cho thdy, catechin 14 hop chét chiém
uu thé, tiép theo 1a epigallocatechin gallate va epicatechin,
trong khi epigallocatechin va epicatechin gallate hién dién
v6i ham luong thap hon.

thip. Phuong phap hd tro vi song
v6i dung modi nude cat cua M.X.
Hoa va cs (2018) [15] ciing cho két
quéa thap hon v6i TPC 194,99 mg
GAE/g, do tinh phan cyc cao cua
nuée khong phi hop dé chiét xuit

2000

1500 4

cac polyphenol it phan cuc.

Nguoc lai, nghién ctru ctia N. V.
Toan va cs (2023) [25] str dung dung
méi methanol, ethanol va nuéc lan
lugt ghinhan TPC1a517,81,495,25
va 481,20 mg GAE/g, gn véi gia
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Hinh 2. Sic ky dé cla cao chiét ethyl acetate tir vé lua hat diéu.



So sanh véi cac nghién ctu trude day, két qua nay co
nhiéu khac biét dang chti y. Nghién ctru ciia H.Q.V. Le va
cs (2021) [8], su dung dung moi nudc va ethanol, bao cao
ham lugng (+)-catechin lan luot 14 167,6 va 172,4 mg/g cao
chiét, thip hon gia tri catechin (247,21 mg/g) trong nghién
ciu nay. Tuy nhién, ham lugng (-)-epicatechin dat 93,3
mg/g va 99,8 mg/g, tuong duong vadi epicatechin (94,49
mg/g) cua nghién ctru hién tai.

Két qua tir nghién ctru cua N. Chandrasekara va cs
(2011) [9] ghi nhan ham lugng (+)-catechin (47,28 mg/g),
(-)-epicatechin (28,29 mg/g) va epigallocatechin (2 mg/g)
thip hon dang ké. Su khac biét nay c6 thé xuat phat tir viéc
sir dung dung moéi va diéu kién chiét xuat khong toi uu.
Trong khi do, nghién ctru ciia H.V. Thanh va cs (2023b)
[26] bao cdo ham lugng catechin dao dong 139-207 mg/g,
thdp hon so v6i nghién ctru nay. Tuy nhién, ham luong
epigallocatechin (8,58 mg/g) trong nghién ctru hién tai lai
thap hon pham vi 37-95 mg/g ma nhém nay ghi nhan.

Su khac biét gitra cac nghién ciru c6 thé dugc giai thich
boi cac yéu td nhu loai dung méi, phuong phap chiét xuét
va diéu kién thi nghiém (nhiét do, thoi gian, pH). Dung moi
ethyl acetate duoc str dung trong nghién ctru ndy cho thay
kha ning chiét xuat hiéu qua cac flavonoid it phan cuc, din
dén ham luong catechin va cac din xuat cao hon so véi
dung moi nude hodc ethanol.

3.4. Hoat tinh khdng vi sinh vit ciia cao chiét ethyl
acetate

Hoat tinh khang vi sinh vt ctia cao chiét thuc vat 1a mot
chi s6 quan trong, gitp danh gia kha ning ngan chan sy phat
trién clia cc tic nhan gy bénh, dong thoi xac dinh tiém ning
ung dung trong linh vuc dugc li€u va bao quan thuc phém
[35]. Trong nghién ciru nay, cao chiét ethyl acetate tir vo lua
hat diéu va Ampicillin duoc thir nghiém véi nam chung vi
sinh vat: E. coli, S. aureus, S. typhimurium, P. aeruginosa
va C. albicans (bang 2). Két qua thir nghiém cho thay, cao
chiét ethyl acetate tir vo lya hat diéu ¢ néng do 100 mg/ml
c6 kha nang uc ché su phat trién ctia cac vi sinh vat. Dbi véi
vi khudn Gram duong S. aureus, cao chiét tao ra vong vo
khuan c6 dudng kinh 1a 21,00+£0,50 mm, cho thdy hoat tinh
khéang Kkhuén rd rét. Vi cac vi khuan Gram am, duong kinh
vong vo khuén do duoc 1an luot 13 7,17+0,29 mm ddi véi
E. coliva §. typhimurium, trong khi P. aeruginosa c6 duong
kinh vong vo khuén nho hon, chi dat 6,00+0,00 mm. Ddi
v&inam C. albicans, cao chiét cling thé hién hoat tinh khang
nam véi duong kinh vong vo khuan dat 11,33+0,58 mm.
Ampicillin dugc st dung lam ddi chimg duong & nong do
10 mg/ml ciing cho thay kha nang khang vi sinh vat. Cu thé,
v6i S. aureus, Ampicillin tao ra vong vo khuan c6 duong
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kinh 18,79+0,89 mm. Pdi v6i vi khuan Gram am, duong
kinh vong vo khudn do duoc 1a 5,25+0,78 mm ddi véi E.
coli, 5,98+0,46 mm dbi voi S. typhimurium va 5,11%0,39
mm d6i voi P, aeruginosa. Ngoai ra, Ampicillin ciing thé
hién hoat tinh khdng ndm nhét dinh v6i C. albicans voi
duong kinh vong vo khuan dat 8,95+0,12 mm. Nhin chung,
cao chiét ethyl acetate tir vo lua hat diéu c6 kha nang trc ché
vi khuan Gram duong t6t hon vi khudn Gram 4m va nam
men.

Bang 2. Hoat tinh khang vi sinh vat cta cao chiét ethyl acetate tir
v6 lua hat diéu.

Puong kinh vong v khuin (mm)

Vi sinh vat

Cao chiét Ampicillin
Escherichia coli 7,17+£0,29 5,25+0,78
Staphylococcus aureus 21,00+0,50 18,79+0,89
Salmonella typhimurium 7,17+£0,29 5,98+0,46
Pseudomonas aeruginosa 6,00+0,00 5,11+0,39
Candida albicans 11,33+0,58 8,95+0,12

So sanh voi cac nghién ctru trude ddy, két qua nay cho
the"iy su khac biét vé hoat tinh khéang vi sinh vat ciia cao chiét
v6 lua hat diéu. Nghién ctru ciia N.V. Toan va cs (2023) [25]
ghi nhan r?mg, chiét xuét vo lua hat diéu bé“mg dung moi
methanol, ethanol va nuéc c6 kha ning @c ché cac vi sinh
vat tuong tu, nhung muc do khang khuén khong manh br?mg,
dac biét 1a dbi voi S. aureus. Nghién ctru cua P. Sruthi va
¢s (2023) [10] da thtr nghiém cac phan doan phenolic tir vo
lua hat diéu, trong d6 phan doan phenolic ty do cho ving
{rc ché ti da & ndng d6 thap (3 mg/ml). Két qua nay t6t hon
hoat tinh khang vi sinh vt cua cao chiét ethyl acetate trong
nghién ctru hi¢n tai.

Ngoai ra, nghién ctu cua A. Prakash va cs (2018) [11]
cho thiy, chiét xuat methanol tir vo hat diéu c6 kha ning trc
ché su phat trién cua cac vi khuan nhu E. coli, S. enterica,
S. flexneri va S. pyogenes. So voi nghién cuu hién tai, cao
chiét ethyl acetate cho thiy pho hoat tinh khang khuan rong
hon va tot hon, dic biét ddi véi S. aureus va C. albicans.
Su khac biét vé hoat tinh khang vi sinh vat giita cac nghién
ctru ¢6 thé do cac yéu té nhu loai dung méi, phuong phap
chiét xuét, néng do hop chét hoat tinh va dic diém vi sinh
vat thtr nghi¢m.

Hoat tinh khang vi sinh vét ctia cao chiét ethyl acetate
duoc cho 1a nhd thanh phan héa hoc phong phii, bao gom
polyphenol, flavonoid, catechin va coumarin [35]. Cac hop
chét nay co thé (rc ché su phat trién cta vi khuan thong
qua nhiéu co ché nhu pha v& mang té bao vi khuén, tc
ché enzyme thiét yéu trong qua trinh sinh truéng va ngin
chin sy phéan chia té bao [35]. Catechin va cac din xuat
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nhu epigallocatechin gallate khong chi c6 kha nang khang
oxy héa manh ma con hd trg ting cudng hoat tinh khang vi
khuan [33, 34]. Coumarin v6i kha ning (rc ché sy tong hop
protein va DNA cua vi sinh vat cling dong gép quan trong
vao hoat tinh nay [35]. Nhitng hop chét nay c6 thé twong tac
cong hudng lam gia ting hi¢u qua khang vi sinh vat cua cao
chiét vo lua hat diéu.

Su khac biét trong hoat tinh khang vi sinh vat cta cao
chiét ethyl acetate tir vo lua hat didu dbi v6i vi khudn Gram
dwong, Gram am va nim men c6 thé duoc giai thich dya
trén cdu trac mang té bao va co ché tac dong cia cac hop
chat khang khuan. Vi khuan Gram dwong nhu S. aureus co
thanh té bao day véi 16p peptidoglycan chiém phan 16n cau
tric nhung khong c6 mang ngoai lipopolysaccharide (LPS)
gitip cac hop chét khang khuan trong cao chiét dé dang thim
nhap va gay ton thuong té bao giup hiéu qua khang khudn
cao [36]. Trong khi do, vi khuan Gram 4m, nhu E. coli va P
aeruginosa, c6 16p mang ngoai LPS dong vai tro nhu mdt
hang rao bao v¢, han ché su xam nhédp cua cac hop chét
khang khuan va lam giam hiéu qua tc ché cua cao chiét
[37]. Ngoai ra, vi khuan Gram am con s& hitu nhiéu bom
téng khang sinh (efflux pumps), gitip loai bo nhanh chong
céc hop chét c6 hoat tinh khang khuan [38]. Péi v6i nim
men C. albicans, thanh té bao cua chung chi yéu duoc ciu
tao tir chitin va B-glucan, c6 kha nang chdng chiu tét hon so
v6i vi khuan, ddn dén muc d6 trc ché cua cao chiét thap hon
so v6i vi khuan Gram duong [39]. Do do, cao chiét ethyl
acetate tir vo lua hat diéu thé hién hiéu qua khang khuan
manh nhat d6i vé6i vi khuan Gram duong, thap hon ddi véi
vi khuan Gram am va chi c6 mirc 46 khang ndm trung binh.

3.5. Hoat tinh khdang oxy héa cia cao chiét ethyl acetate

Hoat tinh khang oxy hoa ctia cao chiét thuc vat la mot
dic tinh quan trong, gitp danh gia kha niang don gbc tu do
va hd tro nghién ctru cac ing dung tiém ning trong phong
ngua va diéu tri cac bénh lién quan dén stress oxy hoéa [40].
Trong nghién ctru nay, kha niang don gbc tu do DPPH ciia
cao chiét ethyl acetate tir vo lua hat diéu tang tr 9,10£1,96%
& nong d6 1,95 pg/ml dén 85,85+0,34% ¢ nong do 62,5 pg/
ml (hinh 3). Twong tu, kha nang don gbc tu do DPPH ciia
vitamin C ting tir 9,66£1,02% & nong d 1,95 pg/ml dén
87,80+0,79% & ndéng do 62,5 pg/ml (hinh 3). Dong thoi,
gia tri IC, cua cao chiét duoc tinh toan dat 10,05+0,06 ug/
ml, thap hon so véi vitamin C (11,62+0,18 pg/ml), mot chat
chuan khang oxy hoa. Két qua nay chimg minh ring, cao
chiét ethyl acetate c6 hoat tinh khang oxy héa manh, thim
chi vuot trdi hon vitamin C, dong thoi cho thiy tiém ning
lon trong g dung duogc li¢u va thuc phém chirc nang.
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Hinh 3. Hoat tinh khang oxy héa ctia cao chiét ethyl acetate tir vo
lya hat diéu bang phwong phap DPPH.

Gid tri IC, thip hon biéu thi hoat tinh khang oxy hoa tot
hon. So sanh véi cac nghién ctru trude day, két qua nay noi
bét hon dang ké. Nghién ctru cia M.X. Hoa va ¢cs (2018) [15]
bao cédo IC, cta cao chiét v6 lua hat diéu trong thir nghiém
DPPH la 88,68 pg/ml, cao hon dang ké so véi nghién ciru
hién tai. Piéu nay c6 thé duoc giai thich boi dung moéi ethyl
acetate trong nghién ciru nay da chiét xuat hiéu qua cac hop
chit khang oxy héa manh hon so véi nude cét.

Nghién cuu cua N.V. Toan va cs (2023) [25] ghi nhén
gia tri IC, cua chiét xuat methanol, ethanol va nudc tir
vo lua hat diéu trong thur nghiém DPPH lan luot 1a 11,90,
12,44 va 12,87 pg/ml, cao hon mdt chut so voi cao chiét
ethyl acetate. Pidu nay khing dinh ring, ethyl acetate c6
uu thé trong viée chiét xudt cac hop chit nhu polyphenol va
flavonoid it phan cuc. Tuong tu, nghién ctu cia P. Sruthi
va ¢s (2023) [10] ghi nhén IC, cua cac phan doan phenolic
dao dong tr 12,35+1,48 ug/ml (phan doan phenolic ty do)
dén 41,23+2,01 pg/ml (phan doan phenolic este hoa), cao
hon so v&i cao chiét ethyl acetate trong nghién ctru nay.
Su khac biét nay co thé do cao chiét ethyl acetate chira sy
cong huong ctia nhiéu hop chat khang oxy hoa, thay vi chi
tap trung vao mot phan doan cu thé. Nghién ciru cia A.
Prakash va cs (2018) [11] cho thay, gid tri IC,, cua chiét
xuat methanol tr vo lua hat dicu la 44 pg/ml, cao hon dang
ké so v6i nghién ctru hién tai, c6 thé do phuong phap chiét
xudt chua t6i vu hoa kha ning thu nhan cac hop chat khang
oxy héa manh nhu catechin va flavonoid.

Hoat tinh khang oxy hoa tdt ctia cao chiét ethyl acetate
tir v lua hat diéu c6 thé dugc giai thich boi thanh phan hoa
hoc phong phll cua n6. Polyphenol va flavonoid dong vai
trd quan trong trong viéc trung hoa gbe tu do théng qua co
ché cung cip electron hoidc hydrogen [29, 30]. Trong do,
catechin va céc dan xuat nhu epigallocatechin gallate va
epicatechin ndi bat voi kha nang don géc tr do manh, bao



vé té bao khoi ton thuong do oxy hoa [33, 34]. Ngoai ra,
coumarin, du hién dién véi ham lugng thap hon, cling tham
gia vao co ché trc ché cc phan tng tao gdc tu do thong qua
viéc phan huy hydrogen peroxide [41]. Sy cong huong gitra
cac hop chit nay chinh 1a yéu t5 then chdt giup cao chiét
ethyl acetate dat dugc hoat tinh khang oxy hoéa tt.

4. Két luan

Nghién cuu da xac dinh thanh ph?ln hoa hoc, hoat tinh
khang vi sinh vat va khang oxy héa cua cao chiét ethyl
acetate tir vo lya hat diéu. Két qua cho thay cao chiét chira cac
hop chét quan trong nhu polyphenol, flavonoid, coumarin
va tanin, voi tong ham luong polyphenol dat 566,50+0,76
mg GAE/g va tong ham luong catechin cung cac dan xuét
12 517,50 mg/g. Cao chiét thé hién hoat tinh khang vi sinh
vat manh chéng lai S. aureus, E. coli, S. typhimurium, P.
aeruginosa va C. albicans. Bén canh d6, cao chiét ciing
cho thdy hoat tinh khang oxy hoa tot véi gia tri IC,, dat
10,05+0,06 pg/ml thong qua thir nghiém DPPH. Nhiing két
qua nay khang dinh cao chiét ethyl acetate tir v6 lya hat diéu
1a ngudn nguyén liu tiém nang cho cac ing dung trong linh
vuc duoc liéu va thuc phém chuc nang.

Nghién ctru nay duoc tai trg boi S& Khoa hoc va Cong
nghé tinh Binh Phudc (hgp dong sb 708/HD-SKHCN).
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Nghién ctru va danh gid tinh an toan cia ching Bacillus subtilis Eramic 26
ing dung trong san xuat probiotic

Doan Thi Thuy Linh', Pao Gia Bach?, Luu Thi Thiy Ngéan', Ngoé Ba Binh',
Hoang Thi Thanh Hoa?, Nguyén Vii Trung?, Lé Thi Hoi*"
1Céng ty C6 phan Ky nguyén Céng nghé Eramic, phirong Chwong My, Ha Ngi, Viét Nam
’Truong Dai hg‘c Y Ha Néi, 1 Tén That Tung, phwong Kim Lién, Hfi Noi, Viét Nam
3Vién Pasteur TP. Ho Chi Minh, 167 Pasteur, phwong Xuan Hoa, TP. Ho Chi Minh, Viét Nam
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Tom tit:
Nghién ciru nay danh gia tinh an toan cta ching Bacillus subtilis Eramic 26 thong qua cac thir nghiém vé dic tinh
khang khuin, kha niing giy tan mau, dc tinh t& bao va phan tich gen ddc lwc/khang khang sinh, dua theo hwéng
din ciia Generally Recognised As Safe (GRAS) do Co quan Quin Iy Thye phim va Dugc phiam Hoa Ky (FDA) va
Co quan An toan Thue phflm chau Au (EFSA) ban hanh. Kha ning khing khuin duge Kkiém tra véi 5 chiing vi
khuan thir nghiém gdm Escherichia coli, Salmonella typhimurium, Enterococcus faecium, Staphylococcus aureus va
Shigella flexneri. Poc tinh té bao dwgc danh gia trén hai dong té bao 13 HT-29 va Vero. Két qua cho thdy, B. subtilis
Eramic 26 khong trc ché cac vi khun thir nghiém, ciing nhu khong gay doc cho hai dong té bao HT-29 va Vero thir
nghiém. Phin tich di truyen phat hién cac gen khang khang sinh nhw fosB, satA, ydhE/norM, cung cac dot bién trén
gyrA va gyrB, nhung tit ca déu nam trén nhiém sic thé, khong lién quan dén yéu t6 di dong. Chiing nay mang cac
gen ma hoéa bacteriocin nhw bacilysin va subtilosin, giip ting kha ning canh tranh sinh hoc. Tong hop két qua cho
thiy, B. subtilis Eramic 26 1a chiing vi khuén an toan, c6 tiém ning wng dung trong san xuit probiotic.

Tir khéa: Bacillus subtilis Eramic 26, doc tinh té bao, gen doc t6, gen khang khang sinh, giai trinh ty.
Chi 6 phdn loai: 1.6,2.8, 3.1

Research and safety evaluation of the Bacillus subtilis Eramic 26
strain for application in probiotic production
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Abstract:

This study evaluated the safety of the Bacillus subtilis Eramic 26 strain through assessments of antibacterial
activity, hemolytic potential, cytotoxicity, and virulence/antibiotic resistance gene analysis, following the Generally
Recognised As Safe (GRAS) guidelines of the U.S. Food and Drug Administration (FDA) and the European Food
Safety Authority (EFSA). Antibacterial activity was tested against five indicator bacterial strains: Escherichia coli,
Salmonella typhimurium, Enterococcus faecium, Staphylococcus aureus, and Shigella flexneri. Cytotoxicity was
evaluated using two cell lines: human HT-29 and Vero. The results showed that B. subtilis Eramic 26 did not inhibit
the tested bacterial strains and did not exhibit cytotoxic effects in either the HT-29 or Vero cell line. Genomic analysis
revealed the presence of antibiotic resistance genes such as fosB, sat4, and ydhE/norM, as well as mutations in
gyrA and gyrB; however, all were located on the chromosome and not associated with mobile genetic elements. The
strain harboured bacteriocin-encoding genes, including bacilysin and subtilosin, which enhance competitive fitness.
Overall, the findings indicate that B. subtilis Eramic 26 is a safe bacterial strain with strong potential for application
in probiotic production.

Keywords: antibiotic resistance genes, Bacillus subtilis Eramic 26, cytotoxicity, sequencing, toxin genes.

Classification numbers: 1.6, 2.8, 3.1
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1. Dt van de

Bacillus subtilis 13 vi khuan Gram duong c6 kha ning
tao thanh bao tir, dugc su dung tur [au doi trong thuc phﬁm
1én men truyén thong nhur natto, doenjang, kim chi, cac loai
mim va dua mudi, voi vai tro cai thién tiéu hoa va ting
cuong mién dich nhe vao kha ning sinh enzyme va cac hop
chit khang khuén tu nhién [1]. Tuy nhién, ngdy cang c6
nhiéu nghién ctru canh bao rang mot sé ching B. subtilis co
thé mang cac gen lién quan dén doc td, yéu td doc luc hodc
gen khang khang sinh ndm trén yéu t6 di dong, c6 thé dan
dén nguy co gy ngd doc thuyc pham hodc anh hudng tiéu
cuc dén sirc khoe nguoi tiéu ding [2]. Nhimng phat hién nay
cho thiy, khong phai tit ca cac chung Bacillus déu an toan
dé sir dung trong thuc pham hodc ché pham probiotic. Do
do, yéu clu vé viéc danh gia tinh an toan sinh hoc cua céac
chung trude khi ing dung thyuc té 1a rit quan trong. Trén
thé gidi, cac to chirc nhu FDA va EFSA di xdy dung cac
khung déanh gia cac dac tinh an toan ctua cac ching vi sinh
vat thong qua hé théng chimg nhian GRAS (Generally
Recognized As Safe) va QPS (Qualified Presumption of
Safety), trong d6 nhdn manh dén viéc sang loc cac yéu tb
doc luc va khang khang sinh dong thoi & ca mic do kiéu
gen va kiéu hinh [3, 4]. Xut phat tir nhitng yéu cau nghiém
ngat trén, nhom nghién ctru thye hién danh gia cac dac tinh
an toan cua chung B. subtilis Eramic 26 thong qua cac thu
nghiém in vitro nhu danh gia kha niang khéng khuan, danh
gia tinh doc té bao va phén tich cac gen doc luc bao gom
gen khang khang sinh/kim loai ning, gen ddc t6, yéu to doc
luc, hodc cac gen lién quan dén phage theo huéng dan cua
GRAS va EFSA. Tir d6, danh gia tiém ning ciia ching nay
trong san xuat cac ché phim probiotic.

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

Chung B. subtilis Eramic 26 da dugc phan 1ap va dang
ky trinh ty bo gen trén Ngan hang Gen thé giéi (GenBank)
v6i ma sd truy cdp GCF_031932205.1. Ching nay di dugc
béo céo la khong phan giai hong cau, c6 kha nang duy tri sy
song trong diéu kién mo phong duong tiéu hoa va thé hién
tinh nhay cam véi cac khang sinh thong dung & nguoi [5].
Nhitng dic diém nay cho thay, B. subtilis Eramic 26 c6 trién
vong probiotic, dong thdi dap ung cac tiéu chi so bo dé tiép
tuc thuc hién cac danh gia vé dac tinh an toan & muirc d6 sau
hon theo huéng dan ciia GRAS va EFSA.

2.2. Phwong phap nghién cviru

Vat liéu nghién ciru danh gid kha ndng khang khudn:
St dung nam ching vi khuan theo huéng dan cia GRAS:
Escherichia coli ATCC 25922, Salmonella typhimurium
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ATCC 14028, Enterococcus faecium ATCC 19434,
Staphylococcus aureus ATCC 6538, Shigella flexneri ATCC
12022.

Phirong phép nghién cieu kha ning khang khudn: Nghién
ctru kha ning khéng khuan dugc thuc hién theo phwong phap
khuéch tan trén dia thach:

Vi khuan thir nghiém dugc nudi céy trén dia thach mau
trong 24 gio & 37°C. Sau do, chon 3-5 khuan lac va hoa vao
dung dich PBS d¢é tao huyén phti. Mat do vi khuan duoc diéu
chinh nam trong khoang 108 CFU/ml (d6 duc 0,5 McFarland
hodc OD,;=0,3-0,5). Str dung tam bong vo trung dé trai dich
huyén phu vi khuan 1én bé mat dia moi truong BHI. Duc 16
c6 duong kinh 7 mm trén dia thach BHI da dugc trai dich vi
khuén.

Dong thoi, B. subtilis Eramic 26 dugc nudi ciy trong moi
truong LB & 37°C trong 24 gio, toc do lic 200 vong/phut. Tiép
d6, dich nuéi cay duoc ly tim 30 phut véi toe do 8.000 vong/phit,
thu 1ay dich néi. Tién hanh nhé 100 ul vao cac 1 trén dia thach
da duoc chuan bi. Tién hanh nho 100 pl moi truong nudi ciy
d6i véi mau doi chimg. Cho dich khuéeh tan vao 16p thach
khoang 2 gior rdi i dia & 37°C trong 24 gio.

Chi tiéu theo ddi la quan sat kha nang tao vong khang
khuan cta ching vi khuan B. subtilis Eramic 26 sau 24 gio.
Hoat tinh khang khuan duoc tinh bang cong thire: D - d

trong d6: D 1a duong kinh vong khang khudn (mm); d la
duong kinh 16 thach (mm).

Vit liéu nghién ctru cho thur nghiém danh gia tinh doc
té bao: Mdi truong nudi cay té bao DMEM hodc MEM c6
bd sung thém L-glutamine, sodium pyruvate, NaHCO,,
penicillin/streptomycin, 10% FBS (Fetal Bovine Serum),
Trypsin-EDTA (0,05%); Kit in vitro toxicology assay kit
MTT based (Sigma), dia 24 giéng (Corning), dia 96 giéng
(Corning).

Dung cu, thiét bi co ban: kinh hién vi nguoc (Axiovert
40 CFL), budng dém té bao (Fisher, Hoa Ky), may quang
phé (BioTek), ti am CO,, tu lanh siu -80°C, binh nito long,
can phan tich, may do pH va mot sé dung cu thi nghiém
khac.

Céc hoa chit co ban khac: DMSO, PBS, ellipticine.

Céc dong té bao HT-29 (té bao ung thu dai trang ¢ ngudi)
va Vero (t& bao than khi) do GS.TS. J.M. Pezzuto - Truong
Pai hoc Long-Island, Hoa Ky va GS. Jeanette Maier - Dai
hoc Milan, Italia cung cép.
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Phuong phap danh gia tinh doc 1é bao: Phuwong phap
xéc dinh tinh doc t& bao trén t& bao nudi cay don 16p dugc
thuc hién theo huéng dan ciia EFSA (2014) trong danh gia
an toan cac ching Bacillus. Té bao dugc xu ly bang trypsm
dé tach roi, sau d6 dugc dém bang budng dém nham d1eu
chinh mét d6 phu hop cho thi nghlem Chuyén 1.000 pl té
bao/gleng vao dia nudi cay 24 giéng va U trong 48 gior dé
té bao bam day va phat trién 6n dinh. Loai bo va thay thé
moi trudng cii bang 1 ml moi trudng mdi cho mdi giéng
trudc khi tién hanh thi nghiém. Mau thu duoc ly tim dé thu
dich nbi, st dung cho thi nghlem Dich ndi sau ly tim duoc
bd sung vao cac giéng nudi cdy véi cac thé tich lan luot
1a 100, 80, 60 va 40 pl/giéng, sau d6 bd sung moi truong
nuoi céy dé dat tong thé tich 1,1 ml/giéng. Té bao dugc
U voi mau tht trong 2 glo tai 37°C trong ta 4m CO,. Sau
thoi gian 1, bo sung thude thir 3-(4,5-dimethylthiazol- 2-y1)
2,5-diphenyltetrazolium bromide (MTT) theo huéng dan
ctia bo kit (dng M-5655 duoc hoa tan trong 3 ml dung dich
Balanced Salt Solution; mét Iugng dung dich MTT tuong
duong 10% thé tich méi truong duoc thém vao mdi giéng).
Céc giéng nuoi cdy tiép tuc duoc u trong 2-4 gid. Két thuc
thoi gian 4, thém vao mdi giéng 1,1 ml dung dich hoa tan
MTT (MTT solubilization solution), lic déu dé hoa tan hoan
toan tinh thé formazan. Gia tri mat do quang hoc (OD) dugc
do tai budc song 540 nm bang may doc ELISA Plate Reader
(Biotek ELx800). Phan trim trc ché sy phat trién cua té bao
khi c6 mit mau thir duge xac dinh theo cong thire sau:

— 0D
Mok % 100%
ODdc - ODbIank

, OD, 3
% t& bao séng = ——

trong do OD, 1a OD cua giéng chi co té bao; oD, . 1a0D
clia giéng ch1 c6 mdi truong nudi cy.

Thi nghi¢ém duoc 1ap lai 3 lan dé dam bao tinh chinh xéc.
Ellipticine ¢ cac nong do 10, 2, 0,4, 0,08 pg/ml dugc st dung
nhu 1a chat d6i ching duong.

Gidi trinh t gen B. subtilis Evamic 26: Chung B. subtilis
Eramic 26 dugc nudi cdy trong méi truong LB & 37°C trong
10 gio, voi toe do 1ac 220 vong/phit. Ly tim 8.000 vong/
phit trong 15 phut dé thu can t& bao. Tach chiét DNA tong
s6 bang bo kit DNeasy Blood and Tissue Kits. Dinh lugng
DNA tach chiét dugc bang may do huynh quang TBS-380
(Turner BioSystems Inc., CA, Hoa Ky). Xay dung thu vién
DNA bing b kit Nextera XT DNA Library Preparation Kit.
Cac mau DNA dugc phan manh thanh cac doan c6 kich thuée
400-500 bp, sau d6 dugc giai trinh ty bang hé thong may
[llumina Miseq st dung bd kit Miseq Reagent Kit v3. Dit liéu
thu dugc tir [llumina dugc su dung dé phan tich tin sinh hoc.

Ldp rdp, chii gidi va phan tich hé gen: Cac doan doc thu
duogc tir qua trinh gidi trinh tu toan bg b gen dugc kiém tra
chat lugng bang FastQC. Loai bo cac doan doc chat lugng
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thap bang fastp. Sau d6, cac doan doc da qua xur 1y dugc lap
rap de novo bang SPAdes va danh gia chét luong lap rap
bang phin mém QUAST. Chi giai hé gen bang hé thong dir
liéu RAST. Thong qua viéc so sanh véi cac nguodn dit liéu da
cong bd dé xac dinh cac gen chirc ning. Ngoai ra, cac gen
khang khang sinh dwoc phat hién va kiém tra lai bing cong
cu ABRicate.

3. Két qua va ban luan
3.1. Thii nghi¢m kha ning khdang khudn

Dic tinh khang khuan cia ching B. subtilis Eramic
26 dugc danh gid trén ndm ching vi khuén thu nghiém,
bao gdm: Escherichia coli, Salmonella typhimurium,
Enterococcus faecium, Staphylococcus aureus, Shigella
flexneri. Két qua danh gia dugc thé hién trong hinh 1.

Hinh 1. Két qua thir nghiém dic tinh khang khuan cia B. subtilis
Eramic 26.

Két qua nghién ctru cho thiy, cic hop chét khang khuan
trong dich nudi cdy cua chung B. subtilis Eramic 26 khong
{rc ché cac chung vi khuan trong thir nghiém.

12



Khoa hoc Ty nhién | Khoa hoc sy song; Khoa hoc K thuét va Cong nghé | Cong nghé sinh hoc cdng nghiép; Khoa hoc Y - Duge | Y hoc ¢0 56 nm

Dic tinh khong tre ché cac chung vi khuan thir nghiém &
trén khong anh huong dén dic tinh probiotic ctia B. subtilis.
Loai nay van duoc tmg dung rong rii trong cac san phdm
men vi sinh nho kha ning séng st va sinh truéng manh mé
trong duong ti€u héa. Bao ti B. subtilis giup ching chiu
dung méi truong khic nghiét trong duong rudt nhu axit da
day, mudi mat va enzyme tiéu hoa, dam bao chiing dén ruot
mdt cach an toan va phat huy tac dung [6]. Mac du khong
tryc tiép tiéu diét vi khuan gay bénh, B. subtilis van c6 kha
nang we ché su phat trién cia cac vi sinh vat gay bénh thong
qua co ché canh tranh vé vi tri bam va ngudn dinh dudng
trong duong rudt. Kha nang sinh truong nhanh va hié¢u qua
cua B. subtilis giup chung chiém wu thé trén bé mit niém
mac rudt, tir d6 1am giam kha nang bam dinh va phat trién
ctia vi khudn gy bénh do han ché khong gian va chat dinh
dudng can thiét cho chung [7]. Ngoai ra, B. subtilis kich
thich san xuét chat nhay va ciing c¢6 hang rao biéu mé rudt,
gitip ngan chin vi khuan giy bénh xdm nhap vao co thé.
Chung con kich thich hé mién dich dudng rudt bang cach
tang san xudt khang thé IgA va hoat hoa cac té bao mién
dich. Piéu nay giup giam nguy co viém nhidm va cac bénh
lién quan dén duong tiéu hoa [8]. Bén canh d6, B. subtilis
hd trg su phat trién cta vi khuén c6 lgi nhu Lactobacillus va
Bifidobacterium, gitip can bang hé vi sinh duong rudt, giam
tri¢u chung r6i loan tiéu hoa nhu tiéu chay, chudng bung,
day hoi va tao bon [6].

3.2. Thur nghiém danh gia tinh djc té bao

Bacillus subtilis 13 loai vi khuan c6 tinh da dang cao,
bao gém nhiéu ching khac nhau v6i nhitng dic tinh riéng
biét. Tuy duoc coi la 1gi khuan nho tac dong tich cuc dén
suc khoe vat chu, nhung trong mdt s6 diédu kién nhét dinh,
chung van c6 thé tiém an nguy co gy hai. Hién nay, chua ¢
bang chimg khoa hoc dang ké cho thiy B. subtilis giy doc
té bao khi sir dung ¢ lidu lugng va didu kién thong thuong
trong cac san phdm probiotic. Tuy nhién, kha ning tiém 4n
vé doc tinh té bao cua vi khuan nay van chua thé hoan toan
loai trir. Do d6, FDA va EFSA van yéu ciu cac ching vi
sinh vat sir dung cho con ngudi van can phai danh gia tinh
doc té bao.

Ddi voi céc loai Bacillus, EFSA dé xuét thir nghiém doc
tinh té bao 1a mot chi sb quan trong vé kha ning gy doc doi
v6i cac thanh vién cua chi Bacillus song song véi cac thu
nghiém tan mau. Thir nghiém nay duoc sir dung dé quan sat
tac dong ciia chiing d6i voi kha ning sdng sot ciia té bao HT-
29 va VERO. Day duogc coi 1a mét thu nghiém c6 do nhay
cao vi chi co té bao song méi c6 thé tao ra cac san pham
formazan tir phan ung nay (bang 1).
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Bang 1. Két qua thir nghiém doc tinh cha B. subtilis Eramic 26 trén
2 dong té bao VERO va HT-29.

Ellipticine (Doi chiing) B. subtilis Eramic 26

. VERO HT-29 Thé VERO HT-29
Nong do , : ;
% th .z %th  Sai tich % th Saiso  %th  Saiso
(ug/mi) " Saiso p I % <
song song  s0 (ul) song song
10 9,12 084 11,77 1,02 100 99,19 382 9924 214
2 2293 149 2722 L17 80 100,19 2,98 100,09 0,49
0,4 48,55 1,07 SLI8 1,29 60 101,62 3,79 101,10 1,52
0,08 76,01 1,64 7892 2,14 40 102,87 3,77 101,74 2,68

Theo hudng dan ciia EFSA, cac miu cé ty 1¢ té bao song
16n hon 80% duogc xem la khong gay doc tinh, trong khi
cac mau co ty 1& té bao sdng thap hon 80% dugc xép vio
nhém c6 doc tinh. Két qua thir nghiém doc tinh té bao dugc
trinh bay trong bang 1 cho thay, ching B. subtilis Eramic 26
khong c6 biéu hién gay doc ddi véi té bao Vero va té bao
HT-29. Két qua nay phu hop véi nghién ciru trude diy cua
J. Burtscher va cs (2021) [9].

3.3. Gen khang khang sinh va djc luc

Toan bd trinh ty b gen ctua B. subtilis Eramic 26 da
dugc xac dinh va dang ky trén co s¢ dir liéu GenBank voi
mi s6 truy cdp GCF 031932205.1. Trinh ty ndy da dugc
phan tich nham danh gia va bo cdo cac dic tinh an toan
theo tiéu chuin GRAS, FDA va EFSA.

Pdc diém mang gen khang khdang sinh: Theo két qua cht
giai hé gen bang hé thong dir liéu RAST (bang 2), ching B.
subtilis Eramic 26 dugc phat hi¢n mang gen fosB va satA
lién quan dén kha ning khang fosfomycin va streptothricin
cung v6i sy hd tro ciia bom day, thong qua hoat dong cua
gen ydhE va norM [10]. Ngoai ra, ching cling mang dot
bién diém trén cac gen gyrd va gyrB, lién quan dén kha
ning khang fluoroquinolones. Cac dot bién nay thuong tap
trung ¢ vung ma hoa protein DNA gyrase, mft enzyme quan
trong tham gia vao qua trinh sao chép va sua chita DNA.
Cu thé, hai dot bién tai gen gyrd gdm: Ser83—Asp (S83D)
va Asp87—Tyr (D87Y). Day Ia hai vi tri da dugc xac nhan
1a “hotspots” co6 lién quan tryc tiép dén hién tugng khang
quinolone trong nhiéu loai vi khuan. Dot bién Ser83—X la
dang bién ddi phd bién nhét dugc ghi nhan trong cac ching
E. coliva Salmonella enterica khang ciprofloxacin, dac biét
1a cic dang S83L, S83F, S83Y [11]. Dot bién Asp87—Tyr
(D87Y) ciing 1a mot bién thé da dugc ghi nhan c6 lién quan
dén khang thudc. Qua phan tich, dot bién Asp426—Leu
(D426L) trong gen gyrB cling dugc ghi nhan, tuong ung voi
ving khang quinolone mé rong. Mic du cac dot bién trén
gyrB khong thuong gip nhu trén gyrA, nhung khi xuat hién
ddng thoi, chung ¢ thé lam ting muc do khang déng ké
[12]. Tuy nhién, theo khuyén céo ciia EFSA, cac dic diém
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khang phat sinh tir dot bién trén nhidm séc thé c6 kha ning
truyén ngang thap vi it lién quan truc tiép dén cac yéu to di
dong [13].

Su hién dién cuia cac gen khang khang sinh lién két véi
cac yéu t6 di dong nhu plasmid, transposon hodc trinh tur
chén (IS) c6 thé tiém an nguy co truyén ngang gen khang
khéng sinh sang cac loai vi khuan khac, dic biét 1a cac vi
khuén gy bénh dudng rudt [13]. Tuy nhién, & chung B.
subtilis Eramic 26, khong phat hién cac gen khang nam trén
cac yéu td di dong nay. Theo nghién ciru cua S. Seyirt va
cs (2023) [14], cac chung Bacillus thuong khong chira cac
gen di dong c6 kha ning truyén gen khang khang sinh. Do
do6, cac gen khang khang sinh & Bacillus nam trén nhiém
sdc thé khong dwoc xem 1a van dé nghiém trong anh hudng
dén tinh an toan cua cac ching probiotic. EFSA di dua ra
cac nguyén tic sau: Khi tit ca cac ching trong mot nhom
phan loai nhit dinh déu biéu hién kha ning khang lai mot
loai khang sinh chung thi kha ning khang d6 co thé 1a dic
tinh ndi tai cua nhom phan loai d6 (khang tu nhién) [13].
D6 1a dic diém sinh hoc co ban cua vi sinh vat thudc cung
mdt nhom phan loai. Cac gen khang khang sinh khong lién
két hodc khong nam trén plasmid hodc cac yéu t6 c6 thé di
dong thi nguy co Iy truyén sang cac sinh vat khac c6 thé
duoc coi 1a tdi thiéu.

Bacteriocins: Mot s6 loai Bacillus nhu B. licheniformis
va B. subtilis c6 kha ning tong hop bacitracin - mét loai
khéng sinh peptide vong - gitp trc ché su phat trién ciia cac
vi khuén canh tranh. Tuy nhién, dé tranh anh hudng bét loi
tir chinh khang sinh ma ching san xuét, cac vi khuan nay
da phat trién cac co ché ty bao vé dic biét [15]. Ching B.
subtilis Eramic 26 mang mot s6 gen lién quan dén co ché
dé khang v6i bacitracin, bao gdm bced, bceB, bceS, bceR.

Khd nang hinh thanh biofilm: Phan tich trinh ty b gen
cua B. subtilis Eramic 26 cho théy, su hién dién cua gen
tasA, mi hoa mot protein cau tric quan trong trong qua
trinh hinh thanh mang biofilm (bang 2). Diéu nay chi ra rang
ching vi khuén nay c6 kha nang hinh thanh mang biofilm,
mot ddc tinh quan trong gitp vi khuin bam dinh 1én cac bé
mat, phat trién bén vimg trong cac mdi truong khac nhau
va tang cuong kha ning thich nghi ciing nhu sdng sot trong
diéu kién khic nghiét [16].

Khéng muoi mdt: Chung B. subtilis Eramic 26 mang
gen bsh, ma hoa enzyme choloylglycine hydrolase (bile salt
hydrolase - BSH). Dy 1a mot enzyme dic trung, chu yéu
dugc tong hop boi vi khuan dudng rudt, voi chirc ning xtc
tac qua trinh thiy phan lién két amide trong mudi mat, tir d6
diéu hoa chuyén hoa mudi mat va ting cuong kha ning song
sot cuia vi khuén trong duong tiéu hoa [17]. Nghién ctru vé
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Bang 2. Bang chu giai hé gen cua chiang Bacillus subtilis Eramic
26.

S

Gen/protein Chire ning LE %; !;
EES B

Khdng khdng sinh

vanl’ Khang vancomycin

cat Khang chloramphenicol

fosB Khang fosfomycin

tet-like Khang tetracycline

blal Khang beta-lactam

sat4 Khéng streptothricin

gyrd (@0t bién) Khang fluoroquinolones

gyrB (ot bién) Khang fluoroquinolones

ydhE/norM Bom ddy da khang sinh

Yéu t6 dgc lye

Bacteriocins/ddp g véi bacitracins

beed ProFem gan ATP dao thai
bacitracin

bceB
Nhan dién va diéu

beeS hoa bao vé chéng lai
bacitracin

bceR

Bacilysin Bacteriocins

Subtilosin

Hinh thanh biofilm

tasA Céu tao mang biofilm

Ly gidi mudi mat

Enzyme chuyén hoa va
bsh Y \ Ae A
diéu hoa muoi mat
Dicti
beeT Pac t6 rudt gy tiéu chay
hbl Pac t6 rudt gy tan méu
nhe Doc tc? rudt khong gay
tan mau
cytK Cytotoxin K
entFM Pac t6 ruot FM
cesB Poc t0 gay ngo doc
Hemolysin

o-hemolysin

B-hemolysin

y-hemolytic

|
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enzyme BSH trong cac ching probiotic mé ra nhiéu trién
vong trong linh vuc y hoc va dinh dudng, déc biét trong viéc
hd tro tiéu hoa, diéu hoa chuyén hoa lipid va cai thién stc
khée duong rudt.

Cdc gen dgc t6: Nghién ciru d tién hanh phén tich bo gen
cta B. subtilis Eramic 26 nhim xac dinh sy c6 mit cta cac
gen lién quan dén doc t6 thudng duge ghi nhan ¢ vi khudn
Bacillus. Cac doc td nay bao gdm beeT (gay tiéu chay), hbl
(hblA, hbIC, hbID gay tan mau), nhe (nhed, nheB, nheC
khong gay tan mau), cyrK (cytotoxin K), entFM (doc to rudt
enterotoxin FM) va cesB - mot doc té do Bacillus cereus san
xuat, c6 lién quan dén ngo doc thuc phém véi triéu ching
nén mira [18]. Két qua phan tich cho théy B. subtilis Eramic
26 khong mang bat ky gen ndo trong s6 cic gen ma hoa doc
t6 ké trén, qua do goép phan khing dinh tinh an toan cua
chung vi khudn nay trong cac ing dung tiém ning.

Két qua phan tich genome cho théy, B. subtilis Eramic
26 1a mot ching an toan, khéng mang bét ky gen doc t nao
va c6 tiém nang Gng dung trong san xuét probiotic danh cho
con nguoi phu hop voi céc ti€u chi danh gia an toan theo
khuyén nghi cia GRAS, FDA va EFSA. Dir liéu nghién
clru ciia ching t6i phit hop véi cac béo cdo vé nhitng chung
da dugc cap ching nhan GRAS, ddng thoi twong dong voi
nghién ctu cua C. From va cs (2005) [19] thuc hién danh
gia trén 333 chung Bacillus khong thugc nhom B. cereus.
Chung B. subtilis Eramic 26 khong mang cac gen doc to dic
trung cia B. cereus, cung cb bang chimg vé tinh an toan cua
chung vi khudn nay trong cac ting dung tiém ning.

Hemolysin va kha nang ly giai hong cau: Mot sé ching
Bacillus c¢6 kha ning téng hop protein hemolysin, dong vai
tro trong qué trinh ly giai hdng cau. Chung tham chiéu B.
subtilis 168 dugc xac dinh mang mot sé gen lién quan dén
kha nang phan giai hong cau nhu yhdP, yhdT, ygxC va yrkA
[20]. Tuy nhién, phan tich bd gen cta B. subtilis Eramic 26
bang h¢ thong dir liéu RAST cho thay, ching nay khong
mang cic gen mi héa hemolysin c6 lién quan dén hién
tuong ly giai hdng cau. B. subtilis Eramic 26 ciing da duoc
danh gia kha nang ly giai hdng cau va xac dinh rang chung
nay khong lam ly giai hdng cu [5]. Qua dé, cung ¢ thém
tinh an toan cua B. subtilis Eramic 26 trong cac ung dung
probiotic cho con nguoi.

Céc chung Bacillus gay tan mau thuong bi loai trir khoi
céc g dung probiotic do tiém an nguy co cao ddi véi sirc
khoé con nguoi, dac biét 1a ¢ nhitng nguoi suy giam mién
dich. Do d6, EFSA di dua ra khuyén cdo bat budc vé viée
kiém tra hoat tinh tan mau d6i voi cac chung Bacillus, ngay
ca khi ching vi khuan d6 da duoc cong nhan theo GRAS
Notice hoac QPS. Hoat tinh tan mau dugc xem la mot yéu
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t6 doc luc quan trong va phai duoc danh gia ky ludng trude
khi tién hanh cac nghién cttu sdu hon vé dac tinh probiotic,
nham dam bao tinh an toan va kha nang tng dung ctia ching
vi khuan trong thyc pham va duoc pham. Céac ching thé
hién hoat tinh tan mau dugc coi 1a khong an toan va khong
dugc tmg dung trong cac san phim danh cho ngudi hodc
dong vat cho dén khi yéu to nay duogc loai bo, chinh sta
hodc dugc xac nhén khong gay hai cho vat chu.

Ngoai ra, phan tich trinh tg by gen cua B. subtilis
Eramic 26 cho théy, su c6 mat cua gen fabG, mad hoa
enzyme 3-ketoacyl-acyl carrier protein (ACP) reductase,
mot thanh phan thiét yéu trong qua trinh sinh tong hop axit
béo. Enzyme nay xtic tac phan tng khir phu thuéc NADPH,
chuyén d6i PB-ketoacyl-ACP thanh B-hydroxyacyl-ACP,
danh déu budc khir dau tién trong chu trinh kéo dai chudi
axit béo. Sy hién dién ctia fabG trong cum gen tong hop axit
béo cua B. subtilis Eramic 26, cung v6i cac gen fabD (ma
héa malonyl CoA:ACP transacylase) va acpP ma hoa acyl
carrier protein (ACP). acpP dong vai trd 1a chit mang nhom
acyl, tham gia vao qué trinh van chuyén cac don vi acyl giira
céc enzyme trong chu trinh kéo dai chudi axit béo, cho thay
vai tro ctia chiing nay trong diéu hoa sinh téng hop axit béo.

Bén canh cum gen tong hop axit béo, bd gen ctia B. subtilis
Eramic 26 ciling chua gen gmuG, ma héa enzyme mannan
endo-1,4-pf-mannosidase. Enzyme nay dong vai tro quan trong
trong phéan giai glucomannan thong qua thity phan lién két
B-1,4 trong cac polysaccharide nhu mannan, galactomannan
va glucomannan. Operon gmuBACDREFG dugc kich thich
phién ma khi ¢6 mat glucomannan, trong d6 gmuG la mot
yéu t6 can thiét cho sy hoat dong cta operon nay. Bén canh
do, cac san pham phan giai nhu cellobiose va mannobiose
cling dong vai tro la cac tin hiéu kich thich manh mé& qua
trinh phién ma cta operon nay.

Ngoai vai tro trong phan gidi glucomannan, gmuG con
dugc du doan ma héa mot protein c6 hoat tinh 6-phospho-f-
glucosidase, mdt enzyme tham gia vao qua trinh thity phan
B-glucoside phosphorylated thanh glucose-6-phosphate,
mot budc quan trong trong con duong di hda carbohydrate
(BSubCyc). Diéu nay cho thiy, gen gmuG khong chi gop
phan vao kha ning st dung glucomannan ma con giup B.
subtilis khai thac hiéu qua cac ngudn carbon khac nhau
trong moi truong, qua do tang cuong tinh thich nghi va kha
ning sinh ton cia vi khuin trong cac diéu kién khic nghiét.

Su hién dién cua ciac gen nhu fabG, fabD,
acpP va gmuG khong chi phan 4nh sy chuyén biét hoa vé
mit chuyén héa ctia loai vi khuan nay, ma con cho thay tiém
ndng Ung dung cta no trong linh vuc probiotic.
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4. Két luan

Két qua nghién ctru khao sat danh gia toan dién tinh an
toan theo cac tidu chuan qudc té nhu GRAS, FDA va EFSA
cho thay, B. subtilis Eramic 26 1 chung ¢6 hd so an toan:
khong gay tan mau, khong mang cac gen khang khang sinh
nam trén yéu t6 di truyén di dong. Pong thoi, két qua thu
nghiém doc tinh trén hai dong té bao Vero va HT-29 ciing
cho thy, ching nay khong gay ra anh huong bat loi nao dén
kha ning séng cua té bao. Dic biét, ching B. subtilis Eramic
26 khong chira cac gen ma hoa doc td hodc yéu td doc luc.
Nhimng két qua ban dau nay cho thiy, B. subtilis Eramic 26
1a mot ing vién tiém ning trong linh vyuc san xuat probiotic
danh cho con ngudi, ddng thoi cung cip nén tang khoa hoc
quan trong cho cac nghién ctru tiép theo trén mo hinh dong
vat va tht nghiém 1am sang trén ngudi.

Nghién ctru nay dugc tai trg boi Cong ty C6 phan Ky
nguyén Cong ngh¢ Eramic. Céc tac gia xin tran trong cam
on.
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Nghién ctru thiét ké hé thong thiét bi hiéu chuan/kiém dinh
thwdc cudn, thwde vach co pham vi do dén 30 m
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Tom tat:

Pé dap tng nhu cu hiéu chuin thiét bi do dd dai 16n nhur: thwée cudn, thwée vach, thiét bi do khoang cich bang laser...
trong cac nganh xay dung, giao thong va cong nghiép, nhom nghién ciru da thiét ké hé théng thiét bi hiéu chuin/kiém
dinh thwéc cufn, thwée vach ¢6 pham vi do dén 30 m sir dung giao thoa ké laser din xuét tir chudn dau d¢ dai. Qua
nghién ciru, phan tich cic hé théng chuin hién dang co tai cac vién do lwong quéc gia trén thé gi¢i, nhém nghién
ciru di dwa ra ciu tao, nguyén Iy va thiét ké hé thong phu hop véi diéu kién k§ thuat, kinh té va ha ting trong nwéc.
Dﬁng thoi ciing dam bio tinh kha thi, hi¢u qua va tinh ing dung cao trong thuec tién. Hé th(”')ng gﬁm: giao thoa ké laser,
camera, cic by phan co khi, thiét bi do méi trrdng va nhiét do vat liéu. H¢ thong nay sé dam bao tinh lién két chuin
cho cic thiét bi do do dai 16n nhw thuée cudn, thwée vach, thiét bi do khoang cach bang laser..., dong thoi dap ing
yéu cu thuye tién ngay cang cao ciia cic nganh sin xuat va xiy dung hién dai.

Tir khéa: giao thoa ké laser, hi¢u chuin/kiém dinh dd dai 16n, hi¢u chuin thuéc vach, kiém dinh thwéc cudn, pham vi
hiéu chuan 30 m.
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Research and design of a calibration and verification system for tape
measures and rulers with a measurement range of up to 30 metres
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Abstract:

To meet the demand for calibrating large-length measuring instruments, such as tape measures, rulers, and laser
distance meters, in the construction, transportation, and industrial sectors, the research team has designed a
calibration system with a measuring range of up to 30 metres using a laser interferometer derived from the primary
length standard. Based on the research and analysis of standard systems currently in use at national metrology
institutes around the world, the study proposes a system structure, operating principle, and design aligned with the
technical, economic, and infrastructural conditions in Vietnam. Also, the system ensures feasibility, efficiency, and
high applicability in practical use. The system includes a laser interferometer, a camera, mechanical components, and
instruments for measuring environmental conditions and material temperature. This system ensures metrological
traceability for large-length measuring instruments, including tape measures, line scales, and laser distance meters,
while also meeting the growing practical demands of modern manufacturing and construction industries.

Keywords: laser interferometer, large-length calibration and verification, ruler calibration, tape measure verification,
30-metre calibration range.

Classification numbers: 2.1, 2.3, 2.11
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1. Dt van de

Hién nay nhu ciu hiéu chuan/kiém dinh, dam bao do
chinh x4c cho cac chuin, phuong tién do d6 dai dé dap
g yéu cau cia cac co so ché tao, doanh nghiép, nha may
san xuat va nghién ciru khoa hoc ngay cang tré nén cap
thiét. Cac loai thudc cudn, thude vach duoc mua ban va su
dung rat nhiéu trong cac nganh xay dung, giao thong, co
khi, ddu khi... Theo Thong tu s6 03/2024/TT-BKHCN ngay
15/4/2024 cia B truong B Khoa hoc va Cong nghé, thudc
cuon la phurong tién do nhom 2 nén phai thyc hién kiém dinh
theo quy trinh DLVN 36:2009 trudc khi dua vao st dung
[1]. O nudc ta, hau hét cac td chure, don vi cung ce”ip dich vu
hiéu chuan/kiém dinh thudc cudn, thude vach dang st dung
thudc vach chuan c6 pham vi do dén 1 m (phuong phap do
truyén thong) dé hiéu chuan/kiém dinh thudc cudn, thude
vach va chua c6 don vi nao nghién ctru vé hé théng thiét
bi hiéu chuan/kiém dinh thudc vach, thude cudn co pham
vi do dén 30 m. Bé dap mg nhu cau hiéu chuan chuin do
luong céc loai thude vach chuén, thuéc cudn chuin, Phong
Do luong B9 dai, Vién Do luong Viét Nam da sir dung may
do d6 dai str dung giao thoa ké laser c6 pham vi do dén 3
m phu hop theo quy trinh BPLVN 283:2015 [2] va BDLVN
266:2020 [3]. May do d6 dai 3 m st dung giao thoa ké laser
¢6 cAu tao gdm ngudn laser HP 5519A, hé guong do tuyén
tinh, bang may c¢6 pham vi lam viéc dén 3 m, camera, cac
cum dd ga thude va phan mém trong may tinh nhu hinh 1.
Tuy nhién, do chuin con han ché vé pham vi do nén ddi voi
thude cudn, thude vach c6 pham vi do 16n dén hang chuc
mét thi phai thyc hién viéc thay doi ga dat va can chinh lai
rdi tién hanh do cong don sai s6 & vi tri tiép theo. Diéu nay
s& anh huong dén phép do do cac sai sé cosin, Abbe, do 6n
dinh cta tia laser, sy bién thién nhiét d¢, 1am mat nhiéu thoi
gian va c6 nguy co giy nham lan trong qué trinh do.

Vi vay, cn ¢6 mot hé théng chuén dam bao dugc cac
yéu cau ky thuat vé pham vi do, d§ chinh xac c6 thé do duoc
toan by pham vi do cta thude cudn, thudc vach trong it lan
ga dat nhét. Do d6, nhom nghién ctru da thuc hién nghién
ctru thiét ké hé théng thiét bi hiéu chuin/kiém dinh thudce
vach, thudc cuon pham vi do dén 30 m véi muc dich giai
quyét bai toan hiéu chuan/kiém dinh céc loai thudc cudn,
thudc vach co pham vi do 16n dén 30 m bang phuong phap
do tung vi tri trén thudc trong mot lan ga dat thuoc. HE
thdng c6 pham vi do dén 30 m van dép tng duoc cac thudce
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cudn c6 pham vi do 16n hon 30 m nhu 50 hay 100 m bang
cach thay doi tir 2 dén 4 1an ga dat dé c6 thé do hét pham vi
cua thude. Sai sb do viée ga dat thuoc s€ it hon so véi viée
g4 dat rat nhidu lan khi str dung thudc vach chudn (pham vi
do dén 1 m) hodc may do d6 dai sir dung giao thoa ké laser
(pham vi do dén 3 m). Hon nita, chi phi san xuét hé théng
chudn c¢6 pham vi do dén 30 m s& nhé hon nhiéu so véi céc
hé théng chuén ¢ pham vi do dén 50 hodc 100 m.

2. Nghién ciiu thiét ké co khi hé théng chuan
2.1. Ciu tgo ciia hé thong chuin

Hién nay, cac loai thudc cudn, thudc vach c6 pham vi do
16n dén hang chuc mét dang dwoc sir dung ngay cang nhiéu.
Diéu nay yéu cau hé thong chuan ciing phai c6 pham vi do
twrong ung dén hang chuc mét. Qua tim hiéu, nghién ctru,
hién nay cac vién do ludong qudc gia (NMIs) trén thé gioi da
nghién ctru phat trién hé théng chuan dé hiéu chuin thudc
cudn, thude vach. O Thai Lan, bd phéan dich vu khoa hoc
(DSS) d3 nghién ctru, ché tao hé théng hiéu chuin thudc
cudn ¢6 pham vi dén 50 m st dung giao thoa ké laser [4] co
cdu tric thiét ké nhu hinh 2.

Hé théng do giao thoa ké laser 50 m ding dé hiéu chuin
cac loai thude cudn chudn va cac may do do dai 1on nhu
may do xa laser, may do quét laser... dugc nghién ctru boi
Vién Do luong Quéc gia Han Qudc (KRISS) [5] ¢6 cdu tao
nhu hinh 3.

Qua nghién ctu, phan tich cac h¢ thong chuan su dung
giao thoa ke laser & mét so nudc nhu Thai Lan, Han Quoc

Hinh 1. May do d6 dai 3 m s dung giao thoa ké laser.
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Hinh 2. C4u truc thiét ké cta hé théng hiéu chuan thwéc cudn caa DSS [4].

Hinh 3. Hé théng do giao thoa ké laser 50 m cua Vién Do lwong Quéc gia Han Quéc [5].

va ciing tir may do d6 dai 3 m st dung giao thoa ké laser
(hinh 1), nhém nghién ctru dd dwa ra cu tao hé thong thiét
bi hiéu chuan/kiém dinh thudc vach, thuée cudn c6 pham vi
do dén 30 m. Hé thong gom: giao thoa ké laser (ngudn laser
He-Ne 6n dinh tan s6 bang I-6t, hé guong do tuyén tinh); hé

thdng co khi gdm c6: bang may 32 m c6 pham vi lam viéc

Bang may 32 m

dén 30 m, cum ban dich chuyén, cc cum dd ga thudce cudn,
thudc vach; camera; thiét bi do nhiét do vat liéu va thong )
mdi truong (nhiét o, d6 4m, ap suét khi quyén). Cac thiét
bi dugc két ndi véi may tinh va giri dit liéu vé& phan mém do
va xtr 1y s6 liéu. So dd khéi cia hé thong dugc thé hién nhu

hinh 4. Hé thong sir dung giao thoa ké laser ¢6 so dd quang

Hinh 4. So db khdi ctuia hé thdng. A: nguén laser He-Ne; B: gwong tach tia; C: gwong phan xa; D: camera; E: cum ban dich chuyén; F: thudc va

cac cum dd ga thwdc; G: may tinh.

JHOAHOC . [

19



-

Tia tham chiéu

Chum tia tdi

s Khoa hoc K thuét va Cdng nghé | K thuét dan dung: kj thugt xéy dung; K7 thudt co khi, ché tao méy; Cac inh viic khac clia khoa hoc kj thudt va cdng nghé

Guang phan xa

}

PEu thu tin higu

B tach chim tia

Hinh 5. So d6 quang hoc cuda hé théng.

hoc nhu hinh 5 véi chum tia t6i xuat phat tir ngudn laser
He-Ne di qua hé guong do tuyén tinh va tia do s& di vé dau
thu tin hiéu. Qua bd xtr 1y tin hiéu, phéin mém do hién thi ra
quang duong dich chuyén ciia gwong phan xa di dong hay
chinh 14 khoang cach do duoc. Viée st dung giao thoa ké
laser hoan toan c6 thé do dwoc cac khoang cach 16n, nhung
can phai c6 mot hé biang may c6 pham vi lam viéc 16n va
dam bao do thang, dé khi gwong phan xa chay trén toan b
chiéu dai biang van dam bao duong truyén tia laser tot. Nhu
vay, h¢ bang may duoc thiét ké, ché tao c6 pham vi lam viéc
dén 30 m s& hoan toan phu hop dé ga lap cac loai thudc cudn
dén hang chuc mét va c6 thé dén 100 m.

2.2. Thiét ké co khi
2.2.1. Bang may 32 m

Trong qua trinh nghién ctru cac bang may cua cac hé
thong chuén, tuy cic sai s& Abbe, sai s6 cosin dugc xac
dinh trong qua trinh thuc nghiém, nhung khi thiét ké ray dan
hudng, cic nha nghién ctru déu tuan theo nguyén 1y Abbe va
tinh dén viéc 1am sao dé do khong thing cua ray dan hudéng
phai cang nho cang t6t. Qua trinh nghién ciru cho thiy, viéc
lwa chon ray dan hudng cho bang may 14 rit quan trong. Ddi
v6i cac thiét bi hay d6 ga duoc lip dat 1én bang may khong
gdy ra tai trong 16n, viéc chon ray din huéng can dam bao
d6 6n dinh lau dai. Hé thong chuan 50 m caa DSS va KRISS
déu sir dung ray din hudng tron. Vi hé thong cua DSS,
duong kinh truc tron 1a 40 mm [4] trong khi hé théng cua
KRISS 14 60 mm [5]. Viéc lwa chon ray dan huéng c6 dudng
kinh 16n s& dam bao duoc d6 on dinh 1au hon. Tuy nhién,
viée sir dung cac ray dan hudng tron cé chiéu dai 16n s& co
nhuge diém 1a d& bi vong va cong theo thoi gian gy anh
huéng tryc tiép dén do thing cua ray. Do d6, nhom nghién
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ctru da lwa chon ray din hudng tron c6 dé nhu ¢ wu diém
1a do vang it hon so v6i ray dan hudng tron c¢é cung duong
kinh. Ray din hudng tron c6 dé két hop voi cum 6 truot bi
khuyét s€ tao nén mot hé théng dan hudng c6 do chinh xac
cao, v6i kha ning chiu tai 16n, kha ning chuyén dong tron
tru, linh hoat v&i lyc ma sat tao ra khong dang ké. Hon nira,
ray dan huéng tron c6 dé duoc ma mot 16p crom bén ngoai
s& tao ra kha nang chong mai mon hiéu qua. Mic du ray dan
huéng tron ¢6 dé c6 nhitng wu diém, nhung vé kich thuéc,
loai ray nay cling phai dugc Iya chon phu hgp vdi kinh phi
dau tu, ma van dam bao yéu cau ky thuat. Do do, nhém
nghién ctru lya chon ray dan hudng tron c6 dé véi cac dic
tinh k¥ thuat theo bang 1 va hinh 6.

Bang 1. Dac trwng ky thuat cta ray dan hwéng tron cé dé.

STT Pic trung ky thuat

1 Puong kinh: 40 mm

2 Do cirng: HRC58+2

3 Do thang: <0,005 mm/100 mm
4 Vat li¢u: thép, ma crom

Hinh 6. Ray din hwéng tron cé dé va cum 6 trwot bi.
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Trén thi trudng, mot thanh ray dan hudng tron co dé co
chiéu dai 4 m. Nhu vay, st dung 4 thanh ray sé& tao nén mo

Bing may c6 cau tao gdom 2 ray dan hudng (chi tiét sb
7) ¢6 chidu dai 32 m, di pham vi lam viéc dén 30 m khi lip

dun 8 m. Céc thanh ray dugc d& boi cic tim d& ray tinh
chinh (kich thudc 500x120x20 mm) c¢6 thé diéu chinh do
thang va do song song cta ray din hudng trong qua trinh

cum ban dich chuyén; 32 tAm d& ray tinh chinh véi 1 tam
dd & dau ray dan huéng, cac tam d& con lai duoce bd tri cach

) ) s ! déu nhau 1012 mm doc theo chiéu dai ray dan hudng; hai
lap dat, tam d0 ray duogc thiét ké nhu hinh 7 va dugc ché tao

! ray thép hop d& cac tdm dd ray tinh chinh c¢6 chiéu dai 32,5
bang vat liéu thép CT3.

m dé c6 thé ga dat ngudn laser va dd ga 1én ban ga (chi tiét
sO 4). Trén toan bd chidu dai bang may s& c¢6 17 cum try
dtng chan dd duoc bd tri cach déu nhau 2024 mm va duoc
lién két v6i nhau bang cac thanh lién két trén va dudi. Hon
nita, mdi cum try ding chan d& s& duogc lién két v&i mot
bé bé tong bang mdi ghép bu 1ong dai dc, dam bao su chic
chin va d¢ cing vimng ciia bing may. Do biang may dai nén
trong qua trinh l3p dat, nhom nghién ciru sir dung méy can
bang laser, dong ho ra dé chinh tho va ni vo dién tir dé chinh
tinh do thiang cua ray dan hudng, dam bao cho dau thu tin
hiéu laser phai thu dwoc tdi thiéu 70% tia laser dé xu ly dir

liéu do. Puong kinh tia laser 1a 6 mm, d¢ 1éch tia laser 1on

nhét trong pham vi lam viéc cua bang may 1a 1,8 mm. Dé

dam bdo cho d6 thing cua tia laser va gidm thiéu cac sai s

Hinh 7. TAm d& ray tinh chinh.
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Hinh 8. C4u tao Biang may 32 m. 1: cum tru dirng chan d&; 2: thanh lién két trén; 3: thép hop; 4: ban ga; 5: tdm d& ray tinh chinh; 6: thanh lién
két dwoi; 7: thanh ray trwot tron cé dé.

KHOA HOC 2

SCONG NGHE 68(2) 2.2026



cosin, sai sd Abbe lay hé sb an toan 14 3 thi yéu cau k§ thuat
vé d6 thing cua ray din hudng sau khi cin chinh phai dat
A<0,6 mm. Ciu tao cta bang may 32 m duogc thé hién trén
hinh 8.

2.2.2. Cum ban dich chuyén

Cum ban dich chuyén la mot b phan trong hé théng, co
chtre ning thyc hién dich chuyén tho trén ray dan huéng ciia
bing méy va thuc hién dich chuyén tinh dé dua guong phan
xa, camera dén dang vi tri can do trén thudc cudn/thude
vach. Bé dap tmg chtrc ning nay, khi nghién ctru thiét ké
cum ban dich chuyén phai dap tmg cac yéu cau ky thuat sau:

- Dich chuyén tho trén toan by pham vi lam viéc cua

bang may.

- Pham vi dich chuyén tinh hai truc x, y: 120 mm (pham
vi nay dugc Iya chon phu hop, do trong qua trinh do sau khi
dich chuyén tho cum ban dich chuyén can tién hanh diéu
chinh tinh vi tri cia gwong phan xa va camera dén dung vi
tri can do, nén trong luc diéu chinh tinh s& c6 mot khoang
thoi gian cho tia laser va méi truong do xung quanh on
dinh).

Hinh 9. Cum ban dich chuyén. 1: ban may; 2: cum dich chuyén; 3:
cum 0 trwot bi.

Qua nghién ctru, cum ban dich chuyén duoc thiét ké phu
hop v6i ray dan hudng cta biang may 32 m, c6 ciu tao nhu
hinh 9. Cum dich chuyén thuc hién dich chuyén tinh theo 2
truc X, y, ¢6 pham vi dich chuyén dén 120 mm va dung dé

ga dat cum d0 ga giit camera.
2.2.3. Hé théng do gd thuoc cuon, thuoc vach
Hé théng dd ga thudc cudn, thude vach thuc hién chuc

nang kep giit dau thudce, d than thude, didu chinh do cao
va do thang thudc, kéo cing thude bang viée treo qua cén.
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Ngoai ra, ddi vé6i thude cudn co pham vi do 16n hon 30 m,
can c6 mot cum do ga cudn doan day thudc 30 m dé c6 thé
tién hanh do céc vi tri do 16n hon 30 m. Nhu vay, hé théng
dd ga thude cudn, thudc vach sé bao gém cac bd phan sau:

Cum do gd chinh can bang thuée: Puge ga dit doc theo
chiéu dai Biang may, d& cac thanh dan hudng va diéu chinh
ting vi tri cta thude 1én ding khoang iy nét cia camera.
Cum db ga chinh can bﬁ“mg thude duge thiét ké c¢6 ciu tao
nhu hinh 10, v6i pham vi dich chuyén theo phuong thang
dimg 40 mm.

Hinh 10. Cum dé ga chinh can bang thwérc.

Thanh déan hwéng c6 con lan: Puge st dung dé dd thude
cudn, thude vach tranh hién twong day thudce bi vong, trung.
Céc thanh dan huéng duoc dit gilta cac cum dd ga chinh
can bang thudc, v6i pham vi do dén 30 m s& can ga dit 31
thanh dan huéng 1 m c¢6 c4u tao nhu hinh 11.

Hinh 11. Thanh dan hwéng cé con lan.
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Cum do ga kep va giir thuoe: Thyc hién cong viée
kep dau thude va gitt chéc vi tri dau cua thude, hodc vi tri
bat ky trén thudce cudn khi thude cudn cd pham vi do 16n
hon 30 m. Véi hai loai thuéc cudn thuong va thude cudn
qua doi dugc sir dung phd bién trén thi truong, nhém nghién
ctru dua ra thiét ké cum dd ga kep va giit thude dung cho

thudc cudn thuong nhu hinh 12 va dé kep qua doi nhur hinh
13, dugc ché tao bing thép CT3.

Hinh 12. Cum d4 ga dung cho thwéc cudn thwong.

Hinh 13. Bé kep qua doi.

Cum do gd treo qud cdn: Pugc st dung dé thuc hién treo
qua can kéo cang thudc cudn, thuc hién diéu chinh d¢ cao
ctia thudc cudn theo phuong thang ding va do thiang thudc
theo phuong doc theo chiéu dai bang may. Cum dd ga treo
qua can dugc thiét ké dap tmg yéu cau treo qua can 10 kg va
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thyc hién dich chuyén 40 mm theo phwong thang dung, 40
mm theo phuong ngang. Ciu tao chi tiét cia cum db ga treo
qué can duoc thé hién nhu hinh 14,

$6  |Tén chi tiét

1 Khung nhoém dinh hinh
2 B0 banh xe

3 Ban

4 |Thén chinh

5 True 1

6 Thanh ren

7 Tay xoay

8 Tryc xoay

9  |Tim trung gian 1
10 |Chét treo

11 |Conlan1

12 |Chi tiét d& Puly
13 |Puly

14  |Truc 2

15 |Tam chin 1

16 |Truc3

17  |Tmue ren dich chuyén ngang
18 | Thanh ndi

19  |T4m trung gian 2
20 |Conlan2

21 |Conlin 3

22 |Tém chin2

Hinh 14. Cum db ga treo qua can.

Cum d6 gd cuén thude: Thyce hién cong viée cudn thude
cudn trong truong hop thudc cudn cd pham vi do 16n hon
30 m. Cum dd ga cudn thude co vi tri kep dau thude cudn
thuong va vi tri kep qua doi cua thudc cudn qua doi. Day
thudc cudn s& duge cudn quanh cac chét try trén dia quay
quanh tdm nhu hinh 15.

Hinh 15. Cum dé ga cuén thwéec.
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Hinh 16. Hé théng thiét bi hiéu chudn/kiém dinh thwéc cudn, thwéc vach.

Hé théng chuéan duoc tich hop céac thiét bi do va cac bod
phan co khi nhu hinh 16 ¢6 pham vi do dén 30 m, dap tmg
yéu cau hiéu chuan/kiém dinh thude vach, thude cudn co
pham vi do lon.

3. Két luan

Duya trén qué trinh nghién ctru cac hé thong chuan sir
dung giao thoa ké laser trong hiéu chuan cac phuong tién
do d6 dai 16n nhu thude cudn, thudc vach, nhom thuc hién
da nghién ctu dua ra cAu tao, hoan thién thiét ké co khi
ctia hé thong (hinh 16). Hé thong chuan c6 pham vi do dén
30 m st dung giao thoa ké laser dwoc dan xuét tryc tiép tir
chuan dau qudc gia - mot trong nhing chuan c6 do 6n dinh
va d tin cdy hang dau hién nay trong do luong d6 dai. Do
d6, viéc hiéu chuan/kiém dinh thude cudn, thude vach trén
Hé théng chuén nay sé khéc phuc dugc nhiing han ché cua
phuong phap do truyén thong, gitip nang cao do chinh xéac
ctia phép do. Pdng thoi hé théng chuén ciing dong vai trd
quan trong trong viéc dam bao tinh dan xudt chuén tir chudn
qudc gia toi cac phuong tién do d6 dai 16n nhu thude cudn,
thudc vach, thiét bi do khoang cach bang laser. .. Qua do thé
hién tinh chu dong nghién ctru thiét ké, ché tao trong nudc,
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ddng nghia vai viéc 1am chi cong nghé, tang tinh linh hoat
trong van hanh va bao tri, bao dudng, gop phan tiét kiém chi
phi du tu so véi cac giai phap nhap khau hé thong chuin
tor nudc ngoai.
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Panh gi4 kha ning khang xuyén ciia mot s vit ligu cat
tng dung dap u bdo vé tau bay

Nguyén Viin Hiéu', Duong Duy Khanh", Nguyén Xuin Bang', Tran Céng Binh’
"Hoc vién Ky thudt Qudn s, 236 Hodng Quéc Viét, phwong Nghia D6, Ha Ngi, Viét Nam
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Ngay nhan bai 20/3/2025; ngay chuyén phan bién 24/3/2025; ngay nhan phan bién 14/4/2025; ngay chép nhan dang 18/4/2025

Tom tit:

Giai phap dip u da chién sir dung vit liéu dia phwong dé bao vé tau bay trwéc kha nang xuyén pha ciaa vat thé
xuyén nhon 1a giai phap thuong dwge ap dung khi trién khai nhanh két ciu bio vé tai cac san db tau bay Gidi phap
nay cé uu diém Ia tinh linh hoat, co dong cao, dé thi cong va tiét kiém chi phi so véi cac gidi phap két ciu biao vé tau
bay khac. Bai bao tap trung mo phong ) bang phan mém Abaqus kha néing xuyén cua cac vat thé xuyén bang thép,
khi str dung vat liéu nh01 Ia cat san san ho ¢ vung bién Dong va cat dé tai khu vue Phan Thiét & Viét Nam. Két qua
nghién citu mé phéng s0 chi ra rang, vat liéu cat san san ho tai khu vue quan ddo xa bo ctia Viét Nam c6 kha nang
khang xuyén tot hon so véi cat do Phan Thiét von ¢6 md dun c& hat nhé. Chiéu sau xuyén ctia vat the xuyén trong
truong hop méi trweong cat do va cat san san ho lan lwgt 12 0,700 va 0,495 m, tuwong ung voi hé s0 K tinh toan la
69,3.107 va 49,0.10”7. Py la co sé' ban dau cho viéc nghién ctru thiét ké va ing dung dang két ciu u da chién bao vé
tau bay sir dung vat liéu dia phwong.

Tir khéa: Abaqus, u da chién, vét liéu nhdi, vat thé xuyén.

Chi sé phén logi: 2.1, 2.5

Assessment of the penetration resistance of sand materials
for aircraft protection fortifications

Van Hieu Nguyen', Duy Khanh Duong"*, Xuan Bang Nguyen', Cong Binh Tran’
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Received 20 March 2025; revised 14 April 2025; accepted 18 April 2025
Abstract:

Constructing field fortifications using local materials to protect aircraft from sharp penetrating objects is a common
practice when rapidly deploying protective structures at aircraft aprons. This approach offers several advantages of
high flexibility, mobility, ease of construction, and cost-effectiveness compared to other aircraft protective structural
solutions. This article focuses on numerical simulations using Abaqus to analyse the penetration capability of steel
penetrators when coral sand from the East Sea of Vietnam and red sand from the Phan Thiet area are used as filling
materials. The numerical simulation results indicate that coral sand from the offshore islands of Vietnam exhibits
higher penetration resistance than Phan Thiet red sand, which has a smaller grain size modulus. The penetration
depths of the penetrator in red sand and coral sand are 0.70 m and 0.495 m, respectively, corresponding to calculated
penetration resistance coefficients (K ) of 69.3.107 and 49.0.107, respectively. These findings provide an initial basis
for the design and application of field fortification structures for aircraft protection using local materials.

Keywords: Abaqus, field fortification, filling material, penetrating object.
Classification numbers: 2.1, 2.5
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1. Dt van de

Tau bay la phuong tién quan trong va cd gia tri cao, dac
biét tai cac san bay nam trong khu vuc ¢ an ninh phtc tap.
Thong thudng, tau bay dwoc bd tri riéng 1é va ap dung cac
bién phap bao vé chuyén biét.

Céc giai phap bao v€ hién cé cho tau bay quan su trén
san db chu yéu sir dung cac loai u kién c¢b bang bé tong cdt
thép db tai chd. Loai két cau nay, tuy c¢6 kha nang chiu luc
t6t va bén viing, lai gap nhiéu han ché vé thoi gian va chi
phi lip dat, dong thoi khong thé di chuyén hodc diéu chinh
mot cach nhanh chéng khi ¢ yéu cau thay ddi vi tri bao
vé. Trong céac truong hop can thiét phai mo rong hodc di
chuyén két cAu bao vé, cac giai phap kién ¢6 hién tai boc 16
13 nhuoc diém vé tinh co dong.

Ngoai ra, mot ) giai phap khac sir dung cac vat liu tam
thoi nhu khéi bé tong dic sin (hinh 1) hodc cac module bao
vé di dong dang Landing mat shield (tim chin bing kim
loai hodc composite) (hinh 2) ciing gip phai cac han ché
nhét dinh d6 1a nang né, thiéu linh hoat trong viéc co dong.
Do d6, viéc phat trién mot giai phap bao v€ vira c6 kha nang
chong xuyén pha, vira co thé lap rap va thao do nhanh chong
1a diéu can thiét dé dap ung yéu cdu trong cac tinh huéng
dac biét.

Hinh 1. Két cau u chira tau bay bang cac khéi bé téng duc san lap
ghép.

Hinh 2. Két c4u u chira tau bay bang cac tam kim loai lap ghép.

O cac qudc gia c6 nén quan sy phat trién nhu My, Nga,
Trung Qudc... viéc bao vé tau bay quan su trong diéu kién
tac chién thuong dugc dam bao bang cac hé théng u lip
ghép, nham giam thiéu nguy co pha hiy hang loat chién dau
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co khi can ctr khong quan bi tin cong. Cac u lap ghép nay
thu'orng ung dung vat liéu dia k¥ thuat va tan dung vat liéu
san ¢ tai san bay nhu dét, cat, d4, soi... (hinh 3), mang lai

nhiéu thuan loi trong tac chién va it chiu anh hudng tir thay
d6i quy hoach khu vyc san do khi trien khai cac nhi¢m vu
khéc nhau.

Hinh 3. U I&p ghép da chién bao vé may bay trén cin ctr khong
quan cua Nga.

Tt nhimg ly do trén, nghién ctru nay s dung phuong
phép mo phong s bang phan mém Abaqus dé danh gia kha
nang khang xuyén ctia mét so loai cat, lam co s¢ dé xuit mot
giai phap két cau bao vé dang u lap ghép tir cac mo dun ciu
kién dia k¥ thuat chira vat lidu tro. Day la loai két cau lap
ghép nhanh, dé théo d& va c6 kha nang khang xuyén tuong
d6i tot. Uu diém cua giai phap dé xudt 1a chi phi thap, kha
nang co dong cao, co thé dé dang thay ddi vi tri hodc diéu
chinh céu tric bao vé ma khong can mét nhiéu thoi gian thi
cong, dap ing yéu cau linh hoat trong cac diéu kién phc tap.

2. Co sd Iy thuyét hai toan tinh xuyén

Khi tinh toan bai toan xuyén cta vat thé xuyén trong
moi truong dugc nghién ctru bdi nhiéu nude nhu Nga, Anh,
My, Thuy Pién, Uc,... Trong do, tai Viét Nam hién nay, khi
xét dén bai toan xuyén cua vat thé xuyén, phd bién nhét co
thé xem xét str dung cong thirc 1y thuyét thuc nghiém cia
Bé-ré-gian (1) [1-4].

h, =X1.K2.KX.£2.VO.COS(1+—DJOL (1)
d 2

trong do: h_la chiéu sau xuyén cua vét the xuyén (m); P
la trong hm'ng vat thé xuyén (kg); V,la téc do cua vat thé
xuyén ngay trude khi va cham (m/s); oc la géc cham cua vat
thé xuyén (do); n 1a hé s6 dbi hudng cua vét thé xuyén trong
mdi trudng tinh theo két qua thyc nghiém, dbi voi cac moi
truong dat mém thi chon n=1.

A, 1a hé s6 phy thudc phan thon cua vat thé xuyén duge
tinh theo cong thuc (2).

2
i @
1,5d

trong do: 1 la chiéu dai phan thon dau vat thé xuyén (m), véi
1,5d<1<2 5d d 1a dudng kinh than vat thé xuyén (m); A, 1a
hé sb xac dinh theo cong thic (3).
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h, =2,84d-1,3Vd 3)

K_ 1a hé s6 xuyén duge x4c dinh cho cac loai vat li¢u dat,
cat tai bang 1.

Béng 1. Xac dinh hé sé xuyén K _déi véi vat liéu dét, cat [1].

STT Loai moi truwong Hé sb K,
1 Cat chit c6 dd 4m tw nhién 45.107
2 Cat ngam nudc 68.107
3 Cat lap (khong ddm 1én) 90.107
4 A cat 50.107
5 A sét 60.107
6 Dit sét chit trung binh 70.107

Dé xac dinh chiéu sau xuyén theo 15 giai gidi tich, ta su
dung cac thong so cua vat theé xuyén theo bang 2.

Bang 2. Thong sé co ban cla vat thé xuyén [5, 6].

STT Chi tiéu Pon vi Théng sb
1 Duong kinh d mm 12,979

2 Chiéu dai L mm 64,6

3 Chiéu dai phan thon L, mm 33,30

4 Khéi lugng g 51,30

5 Téc d6 cham muc tiéu m/s 500

6 Goc cham muc tiéu do 0

Khi d6, vé6i cac loai vat lieu dat, cat & trang thai khac
nhau (bang 1), xac dinh dugc chiéu sdu xuyén khac nhau
theo 10i giai giai tich theo cong thirc (1), nhan dugc két qua
tai bang 3.

Bang 3. Téng hop két qua chiéu sau xuyén déi véi cac loai moi
trwong.

STT  Loai mbi truomg HEsO K, Chiéu siu xuyén h (m)
1 Cat chit ¢6 do 4m tu nhién 45.107 0,45
2 Cat ngdm nudc 68.107 0,69
3 Cat I4p (khong dAm lén) 90.107 0,91
4 Act 50.107 0,51
5 Asét 60.107 0,61
6 Dét sét chat trung binh 70.107 0,71

3. Thiét 1ap mé hinh tinh va mé phong so
3.1. Céc théng sé diu vao thiét lip mé hinh tinh

Cdc théng sé hinh hoc mé dun dién hinh: Trén co s tinh
toan theo phuong phép 1y thuyét, chidu sdu xuyén 16n nhat
12 0,91 m ddi véi loai vat liéu cat 1ap (khong dam 1én). Bé
dam bao an toan khi thiét ké, ché tao mé dun cau kién, nhom
tac gia dé xuét kich thudc dién hinh cho 1 mé dun ciu kién
1a 1x1x1,1 m. Viéc lwa chon kich thuée thanh c6 thé lép u
dat chiéu cao tir 3,3+4,4 m khi xép tir 3+4 tang, dap tng co
ban cho phin than chinh cua cac loai tau bay quan su, 13 cac
dbi tuong can duoc bao vé trong cac tinh huéng dac biét.
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Théng s6 vdi dia kj thudt 16p bao vé: Nhom tac gia dé
Xuét st dung loai vai dia k¥ thudt khong dét ART25. Vai dia
ky thuat khong dét ART25 duge san xuét tir polypropylene
(PP), mot loai polymer bén bi, ¢ tinh khang cao voi moi
truong va kha nang chiu luc tot. Chat liéu polypropylene
gilip vai ART25 chdng lai héa chat va do am, dong thoi gitr
6n dinh trong cac diéu kién khic nghiét, giup duy tri hiéu
qua trong cac ing dung dai han (bang 4).

Bang 4. Cac chi tiéu ky thuat vai dia ky thuat khong dét ART25 [7].

STT  Chi tiéu Phwong phap thir  Ponvi  ART25

1 Cuong d chiu kéo (Tensile strength) ASTM D 4595 kN/m 25
Dan dai khi dut (Elongation at break) ASTM D 4595 % 50/80

3 Khang x¢é hinh thang (Trapezoidal ASTM D 4533 N 520
tear strength)

4 Su? khang thung thanh (Puncture ASTM D 4833 N 750
resistance)

s Stckhing thing CBR (CBR DIN 54307 N 4000
puncture resistance)

6 Roi con (Cone drop) BS 6906/6 mm 11

Hé 56 tham tai 100 mm (Permeability

at 100 mm) BS 6906/3

Im?/gidy 60

8 Kich thudc 16 0,, (Opening size 0,))  EN1SO 12956 micron 70

D¢ day P=2 kPa (Thickness under
2 kPa)

ASTM D 5199 Mm 2

10 Trong lugng (Mass per unit area) ASTM D 5261 g/m’ 315

Thong $6 vat lidu nhoi: Vat lidu tro duoc dé xuat dé db
déy vao cac bao vai dia ky thuat 1a cac vat liéu dia phuong,
c6 san, nho do6 tan dung tbi da nguén vat liéu ty nhién ngay
tai chd. Loai vat liéu nay khong chi dap tmg tiéu chuén tro
vé mit hoa hoc, nghia 1a khong phan tmg hodc phan hity khi
tiép xuc véi cac yéu té moi truong, ma con ¢6 wu diém 6n
dinh co hoc cao khi duge ddm nén vao céac cau kién bao.

Trong bai toan xét hai loai vét liéu d6 day bao gom cat do
tai TP Phan Thiét (Binh Thuan) va la cat san san ho tai cac
quan dao xa bd & khu vyc bién Pong, Viét Nam. Cac thong
s6 co 1y cua hai loai vat liéu nay dwoc thé hién ¢ bang 5.

Bang 5. Chi tiéu co ly déi v&i cat dé Phan Thiét [8-12] va cat san
san ho [13].

STT  Chi tiéu Don vi G .
Cat do Phan Thiet Cat san san ho
1 Khdi lugng riéng ke/m* 1610 2077
2 Mo dun Young N/m? 20,59x10° 30,86x10°
3 Hgsb Poisson 0,35 0,34
4 Lyc dinh N/m? 28,85x10° 29,83x10°
5 Goc ma sat trong do 348 46,49
6 Gac truong ng do - 9,52
7 Goc ma sat ngoai voi thép  do - 30,66
2]



Do chua c6 sb liéu thi nghiém vé hé s6 ma sat gitra cat do
Phan Thiét va thép nén nhém tac gia tinh toan hé sé ma sat
gilra cat va bé mit thép theo cong thiic (4) [14-16].

n=tgd 4)

trong d6: p 13 hé sb ma sat giita cat va bé mit thép; ¢ la goc
ma sat ngoai giira cat va bé mat thép, duoc tinh theo cong
thue (5) [15].

2

¢=§(P (5)

trong do: ¢ 1a gbc ma sat trong cta dat, cat.

Ta ¢6 hé s6 ma sét giira cat do Phan Thiét va bé mat thép:

2 2
iy =3 0m =5 348°=23.2° 5 iy =ty = 1023,2°=0,43

Hé sb ma sat gilia thép va cat san san ho dugc tinh theo cong
thire (4) va cho két qua nhu sau:

Ugy = tghg, =1g30,66°=0,59
3.2. Mo phong 0 b&ng phén mém Abaqus

Abaqus 12 mot phdn mém moé phong s sir dung cac
phuong phap phén tir hitu han (FEM), phan tir roi rac (DEM)
va phan tir hat khong ludi (SPH) dé giai quyét cho cac bai
toan khac nhau. Dac biét, thich hop cho viéc phan tich cac
bai toan dong luc hoc phi tuyén vOi cac su kién va cham va
bién dang phirc tap. Phian mém nay sir dung phuong phap
phan tich theo budc thoi gian ngan dé giai quyét cac van dé
lién quan dén va cham, nd va cac hién tuong dong luc hoc
khac. Nho vao kha nang xir Iy cac diéu kién bién va tai trong
phtc tap, Abaqus dugc ing dung rong rai trong nhiéu linh
vuec, tir thiét ké két cau dén phan tich an toan cho cac thiét bi
quan su va cong nghiép, hd tro tdi wu hoa thiét ké va nang
cao do tin cdy cua san pham.

Nghién ctiu nay st dung phuong phap hat khong
luéi hay thuy dong lyc hoc hat min (Smoothed Particle
Hydrodynamics-SPH), mt phuong phap moé phong duogc
tich hop sin trong Abaqus nhim mé phong cic bai toan
bién dang 16n, dac biét 1a hién tugng xuyén phé trong moi
truong hat ro1 nhu cat san san ho, cat d6. Phuong phap SPH
cho phép vat li¢u bién dang tu do, khong bi phu thudc vao
dang hinh hoc phéin tr nhu FEM, nho d6 tranh duoc hién
tuong suy bién phan tir (element distortion) trong cac bai
toan xuyén sau, nang lugng cao. Hon nita, SPH co thé mé ta
tdt hién tugng dong chay hat roi, phan tan vt ligu, rat phu
hop v6i moi truong dat roi.
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Nghién cru nay tap trung md phong bai toan vat thé
xuyén vao cAu kién u da chién bao vé tau bay. Trong bai
toan xuyén nay, su dong gép cia bao vai dia ky thuat va
luéi thép vao tac dung chéng xuyén la khong dang ké [16],
do d6 dé don gian héa nhung van dat dugc do chinh xac &
murc chép nhédn dugc, nhom tac gia khong xét dén sy lam
vi€c cua bao vai dia k¥ thuat. Ngoai ra, chiéu day vai 2 mm
rat nho so voi chiéu day khdi cat, gia thiét vi tri xuyén vao
gifta 6 ludi, do d6 qué trinh mé phong xac dinh chiéu sau
xuyén, dé thién vé& an toan, bo qua anh huong lop vt liéu
vo va lop luoi.

Ddi voi bai toan va cham cua vat thé xuyén voi vat liéu
dat, cat c6 thé mo phong theo mo hinh Mohr - Coulomb;
mo hinh Cam Clay; mé hinh tai bén dong hoc Hypoplastic.
Trong pham vi nghién ctru cta bai bao, cac tac gia st dung
mo hinh dan déo 1y tuong Mohr - Coulomb dé mé hinh hoa
vat liéu dat, cat do tinh don gian, cac tham s6 d& xac dinh
qua thi nghiém va kha nang mé phong phu hop véi tmg xtr
co hoc cua vat liéu trong bai toan xuyén.

Loai vét thé xuyén duoc sir dung trong mo phong la
vat thé xuyén bang vat liéu thép vdi cac thong sb ky thuat
dugc thé hién trong bang 2. Trong md phong nay, coi vat thé
xuyén 1a tuyét dbi cimg va gia thiét vat thé xuyén bay thing
vudng goc v6i cu kién, khong xét dén chuyén dong xoay
ctia vat thé xuyén. M6 phong voi truong hop vat thé xuyén
va cham véi két cau u bao vé tau bay v6i van tdc cua vat thé
khi va cham 1a 500 m/s.

Vit thé xuyén co6 kich thude rat nho so voi méi trudng
xuyén, do vay diéu kién bién duoc khéng ché theo cac
phuong cta canh khéi 1ap phuong bao cat (hinh 4).

. Vi tri xuyén
Hudng
xuyén
Bao vai dia 4
kg thuat =
11m
g
Vit thé
xXuyén

s

im*,  ——Im

P

Hinh 4. M6 hinh bai toan.
4. Két qua va ban luan

Két qua mo phong s6 bang phan mém Abaqus duoc thé
hién trong hinh 5A d6i vi cat do Phan Thiét va hinh 5B dbi
vO1 cat san san ho tai cac quﬁn dao & khu vuc bién bong,
Viét Nam.
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(A)

Step: Step-1  Frame: 100
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(Avg: 75%)
+2.478e+05
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Y
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Step: Step-1  Frame: 100
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Hinh 5. Mé phéng sé tac dung xuyén cua vat thé xuyén vao vat liéu cat dé Phan Thiét (A) va cat san san hé (B).

Cin cir két qua mo phong, ta thiét 1ap duge biéu do xéac
dinh su phy thudc ctia chiéu sdu xuyén véi thoi gian chuyén
dong va van toc clia vat thé xuyén trong hai méi truong vat
liéu nghién ctru thé hién trén cac hinh 6 va 7.

600 0.8
500 0.7
0.6
400 05
300 04
200 0.3
0.2
100 01
0 0
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Thoi gian (s)

——V4n toc (m/s) Chiéu siu xuyén (m)

Hinh 6. Chiéu sau xuyén va van téc dau dan theo thoi gian déi véi
cat dé Phan Thiét.

600 0.6

500 05
400 0.4
300 03
200 02
100 0.1
0 0

Thoi gian (s)

——Vin toc (m/s) ===Chiéu sau xuyén (m)

Hinh 7. Chiéu sau xuyén va van téc dau dan theo th&i gian déi véi
cat san san ho.

Két qua mo phong sé chi ra rang: Chiéu sau xuyén doi
v6i truong hop vat lidu cat ¢ Phan Thiét 1a 0,700 m dat
duoc tai thoi diém t=0,021 gidy; dbi v6i vat lidu cat san san
ho tai cac quﬁn dao & khu vuc bién Pong, Viét Nam 1a 0,495
m tai thoi diém t=0,026 gidy.
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Thong qua két qua chiéu sau xuyén, co thé xac dinh hé
) K cua cat do Phan Thiét va cat san san ho tai quén dao
xa bo ciia Viét Nam theo cong thire (1), nhan duoc két qua
nhu sau: K" =69,3x107; K§' = 49,0x107.

Thong qua két qua mod phong, c6 thé nhan thiy cat san
san ho c6 kha ning khang xuyén tt hon so vé6i cat do Phan
Thiét, diéu nay do mo dun cd hat va dac tinh moc Xép cua
céc hat v&i nhau ddi véi cat san san hd tdt hon nhiéu so voi
cac hat min cua cat do Phan Thiét. Diéu nay ciing da dugc
khing dinh qua cc nghién ciru vé cat san san ho [13, 17-24]
va cat d6 Phan Thiét [8-12].

Két qua h, K, d6i vai 2 loai vat lidu thong qua md phong
14 co s& ban diu dé lya chon md hinh thu nghiém. Pé ¢o
dugc két qua chinh xac, can théng qua thi nghiém nhiéu lan
vé hé s ma sat gitra vat liéu vat thé xuyén va cat, thi nghiém
thuc t& kha ning xuyén cua vat thé xuyén téc do cao vao
moi truong céac loai vat liéu cat khac nhau, vdi cac do chat,
d6 am khac nhau.

Trong khu6n kho nghién ctru mé phong cua bai bao bang
phan mém Abaqus, két qua cho thiy hiéu qua chdng xuyén
dang ké cua vat liéu cat san san ho. Diéu nay mo ra kha
nang tan dung vat liéu nay tai cac vi tri bién ddo xa bo cua
Viét Nam, dac biét trong viéc xay dung cac két cdu da chién
bao vé con nguoi, bao vé cac phuong tién cd gia tri cao tai
ving bién dao.

£ ~
9. Ket luan

Trén co so nghién ctru mo phong sd bang phan mém
Abaqus, xac dinh chiéu sdu xuyén cia vat thé xuyén vao
moi truong cat san san ho tai ving bién dao xa b Viét Nam
va cat do Phan Thiét nhan thay, kha ning khang xuyén cia
vat liéu cat san san ho tot hon so véi cat d6 Phan Thiét voi
hé s6 xuyén lan luot 1a K&'=69,3x107,K5"=49,0x107 va
chiéu sau xuyén tuong tng 1a h’™=0,700 m, h$"=0,495 m.

29



H¢ s0 xuyén nay ciing phu hop vaoi cac hé so xuyén doi
voi moi truong dat, cat theo cong bo trong céc tai li¢u cua
Nga va Viét Nam.

Dua trén két qua nghién ctru vé chidu sau xuyén va hé sé
xuyén, c6 thé dé xuat cac phuong an thir nghiém thyc té dé
danh gia kha nang khang xuyén cia cac loai vat li¢u khac
nhau. Nhing két qua nay s& 1 co sé quan trong dé dua ra
giai phap két cdu u lap ghép hiéu qua, dam bao bao vé tau
bay trong cac diéu kién khac nhau.
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Anh hwéng ciia chat lwong nwée twdi dén tinh chat dat
trong rau khu vue Gia Lam, Ha Noi

Dwong Thi Kim Thu!, Nguyén Thi Hing Nga?, Nguyén Thi Ngoc Dinh**

"Vién Nudc, Tudi tiéu va Moi truong, Vién Khoa hoc Thuy loi Viét Nam, 2/165 Chiia Béc, phwong Kim Lién, Ha N¢i, Viét Nam
’Khoa K3 thudt tai nguyén nudc, Truong Pai hoc Thuy loi, 175 Tdy Son, phuong Kim Lién, Ha Noi, Viét Nam
SKhoa Nong hoc, Hoc vién Nong nghiép Viét Nam, xa Gia Lam, Ha Noi, Viét Nam

Ngay nhan bai 10/11/2025; ngay chuyén phan bién 12/11/2025; ngay nhan phan bién 4/12/2025; ngay chép nhan dang 10/12/2025
Tom tit:

Nghién ctru dugce thue hién thong qua thi nghiém chéu trong nha luéi két hop l?'ly miu khio sat ngiu nhién tai khu
vure tu6i nwée song Cau Biy, dé so sanh dic tinh ciia dit trwde va sau 3 vu thi nghiém bing cac loai nwée khac nhau,
gbm nuéc thai sinh hoat da xir Iy, nwée song Cau Biy va nuéc giéng khoan c6 bén phan héa hoc cho mét s6 loai rau
in 14 trdng trén dit phu sa song Hong, ving Gia LAm (Ha Noi). Két qua cho thiy, viéc sir dung nwéc thai va nwéc
song Cau Bay c6 thé bé sung ham lwong nito (N), phot pho (P) va chit hitu co cho dat. Cac chi s6 vé pH, do am va
dinh duong trong dit déu dwoc cai thién so véi cong thire twéi nwée giéng khoan. Tuy nhién, twéi bing nuéc song
Ciu Bay thwong xuyén, ham hrgng N va P tich liiy trong dit cao hon tir 1,4 dén 1,5 1in so véi tuéi nuéc giéng khoan.
Piy 1a nguy co gay tich lity nitrat vao dat va rau néu khong duoc kiém soat diy dii cin bang dinh dwdng trong nuée
twoi, dit va phan bon.

Tir khod: an toan ndng sin, chit lrgng nwée twéi, Gia LAm, rau in 14, tich liy nitrat.

Chi s6 phén loai: 2.1, 4.1

The impact of irrigation water quality on soil properties

in vegetable-growing areas of Gia Lam, Hanoi
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Abstract:

The research was conducted through pot experiments in a greenhouse combined with random sampling in the Cau
Bay river irrigation area to compare soil characteristics before and after three experimental seasons using different
types of water: treated domestic wastewater, Cau Bay river water, and well water supplemented with chemical
fertilisers for several leafy vegetables grown on Red river alluvial soil in Gia Lam (Hanoi). The results showed that
irrigation with wastewater and Cau Bay river water increased soil nitrogen (N), phosphorus (P), and organic matter
contents. Soil pH, moisture, and nutrient levels were all improved compared with well water irrigation. However,
with regular irrigation using Cau Bay river water, the accumulated N and P content in the soil was 1.4 to 1.5 times
higher than with well water irrigation. This poses a potential risk of nitrate accumulation in soil and vegetables if
nutrient balance among irrigation water, soil, and fertilisers is not adequately controlled.

Keywords: agricultural product safety, Gia Lam, irrigation water quality, leafy vegetables, nitrate accumulation.

Classification numbers: 2.1, 4.1
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1. it van de

Nghién ctru caa H.T. Trinh va cs (2017) [1] vé chat luong
nudce 1 tai cac rudng Iua & Thanh Hoa va Thura Thién Hué
cho théy, nude 1 - von ¢o thé duge su dung cho tudi tiéu,
chira nhidu chit 6 nhiém vé co va hitu co c6 ngudn gdc tir
hoat dong nong nghiép va sinh hoat. Trong s6 940 hop chat
hitu co dugce sang loc, ¢6 t&i 277 vi 6 nhiém duoc phat hién,
bao gébm thudc trir sau, chat hoa déo, san phim dau mo,
duoc phém va cac kim loai ndng nhu As, Cd, Pb, Cu, Zn.
Dong thoi, hién tuong ngap lii lam thay d6i diéu kién oxy
hoéa - khir cia dét, thuc day qua trinh hoa tan va giai phong
cac kim loai nhu Fe, Mn va asen tir tram tich vao nudc.
Déng thoi, thude bao vé thuc vat st dung trén déng rudng
(nhu isoprocarb, fenobucarb, metalaxyl) dugc phat hién voi
tan suat cao trong nude 1, phan anh nguy co phat tan va tai
phan b cac hoa chit nay trong moi truong dat - nude. Két
qué cho théy, viéc sir dung ngudn nude khong dam bao chat
luong c6 thé 1am gia tang tich liiy kim loai ndng va du luong
thudc bao vé thuc vat trong dét, tir d6 anh hudng tiéu cuc
dén hé sinh thai dit va cay trong.

Khu vuc Gia Lam c6 1.354,49 ha dit phu sa trung
tinh trong lta, chiém 49,9% dién tich dat san xuat nong
nghiép. Do d6 nhu cau nudc tudi cho khu vuc rt 16n. Tuy
nhién, nhiéu hé thong tudi cho ving Gia Lam dang trong
tinh trang 6 nhiém. Dién hinh 1a nudc trén hé thong Bic
Hung Hai c6 ham lugng N va P cao hon QCVN 08:2023/
BTN&MT 2,48-4,15 lan [2]. Bén canh d6, viéc st dung
phéan bén thiéu kiém soat cua nguoi dan da dan téi tinh
trang du thira dinh dudng trong dét. Tudi nuéc 6 nhiém co
nguy co gy 6 nhidém dat, 6 nhiém Cd ¢ tang d4t mat (d6 sau
0-20 cm) cua dét lta (1 vu lua chinh va 1 vy mau) trén dia
ban thon Dong Mai, xa Chi Pao, huyén Van Lam, tinh Hung
Yén (trudc sap nhap) c6 6 nhiém Cd & mirc do cao, dat 9,51
mg/kg, cao hon so vdi quy chudn Viét Nam vé chét lugng dat
[3, 4]. Nguyén nhan tich luy Cd trong dit chi yéu 1a do sir
dung nudc tudi 6 nhiém Cd. Mot nghién ciru khic ctia Q. H.
Phan va cs (2016) [5], trén dat nong nghiép trong lua tai Duy
Tién, Ha Nam (trudce sap nhap) cho thiy, ham lwong Cd trong
dat phat hién cao nhat dat 0,86 mg/kg, nho nhat dat 0,28 mg/
kg, trung binh dat 0,52 mg/kg, thip hon quy chuan cho phép
(4 mg/kg). Trong bdi canh d6, viéc danh gia cac tac dong moi
truong do chit luong nude tudi 6 nhiém giy ra tré nén dic
biét can thiét.
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Mic du di co cac nghién ctiru dé cap dén 6 nhidm nudce
tudi hodc bién dbi tinh chat dat dudi tac dong cua nudc thai
va ngudn nude 6 nhidm, nhung chua cé nghién ctru nao danh
gia mot cach dinh lugng muc d6 tich Ity dinh dudng trong
dat do cac ngudn nude tudi hién dang sir dung tai Gia Lam.
Khoang tréng nay han ché viéc xay dung cic khuyén nghi
khoa hoc phuc vu quan Iy dit - nudc trong san xudt rau.

Trong nghién ctru ndy, ba ngudn nude tudi duge lya chon
gdém nudce séong Cau Bay (dai dién cho ngudn nudc 6 nhidm),
nudc thai sinh hoat sau xir Iy (ngudn nudce tuan hoan c6 kha
nang tai st dung) va nude giéng khoan (ngudn nudc sach).
Nhém rau an 14 (cai xanh, rau chan vit, hanh 1a) dugc lya
chon vi ddy 12 nhém cay trong c6 toc do sinh trudng nhanh,
nhu cau dinh dudng cao, ddc biét dé tich liiy nitrat, c6 nguy
co anh huong dén an toan thuc pham néu ngudn nudce tudi
mang ham lugng dinh dudng. Nghién ctru nay chi tap trung
danh gia anh huéng cua chét luong nude tudi dén sy bién
d6i tinh chat dat va muc do tich liy dinh dudng (N, P, K)
trong dat sau qua trinh canh tac. Cac phan tich lién quan
dén ham luong nitrat trong san pham rau khong nam trong
pham vi cia nghién ctru hién tai, va s€ duogc trinh bay trong
cac cong bd tiép theo. Pong thoi, do gisi han vé thoi gian
va pham vi nghién ctru, cac chi tiéu vé vi sinh vat gay hai va
kim loai ning trong dat ciing nhu trong rau chua duoc phan
tich, nén s€ dugc thyc hién trong cac nghién clru ké tiép
nham hoan thién d4nh gia toan dién vé rii ro méi truong va
an toan thyc pham.

2. S0 liéu va phucng phap nghién ciu
2.1. 86 liéu

Dit nén sir dung cho cac thi nghiém trong nha ludi dugce
liy tai canh dong Trau Quy, Gia Lam, Ha Noi. Dat ding lam
thi nghiém dugc phoi khd, loai bo soi da, révala cay, lam
4m dén 15%. Tinh chat d4t nén ding cho thi nghiém nhu
sau: DAt co phan g it chua dén trung tinh (pHKCI 6,1-6,4),
ham lugng hitu co (OC) va dam tong s6 & 16p mat kha cao
(0C t?mg mat dao dong 0,4-1,15%, N 0,05-0,12%) va giam
dan theo chiéu sau phau dién. Tong s6 cac loai 1an kha giau,
nhung ham lugng l4an dé tiéu khong cao 23-29%. Kali tong
kha cao, kali dé tiéu & mirc trung binh 14-35%. Lugng cation
Ca, Mg trao d6i va dung tich hap thy cation (CEC) & muc
trung binh. Ham luong kim loai nang dudi ngudng cho phép
QCVN 03:2023/BTNMT [4].

Nuéc tudi: gdbm nude song Cau Bay, nude thai sinh hoat
sau xu ly dat tiéu chudn xa thai, nudc giéng khoan (nudc
ngam) tai khu vuc Trau Quy, Gia Lam, Ha Noi. Chat lugng
nudc dugce phén tich trung binh 3 1dn/vu. Bang 1 thong ké
trung binh qua 3 vu clia cac ngudn nudc tudi.
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Bang 1. Chat lwong nwéc twéi ste dung trong thi nghiém.

- Cay rau: Nhom rau an 14 gom cai xanh (Brassica Juncea
L.), cai chan vit (Spinacia oleracea) va hanh 14 (Allium

I Torhitin Doy Nueshng  Nuicthii Nuie gibng (T)l(lja\l/nNcg;:;oz3/ ﬁstulosun?) dugc canh tac pho bién & V{@t Nam. Nhom rau
" ChuBdy  sinhhoat khoan e I'3] c6 dac diém sinh truong phu hop véi didu kién tho nhudng
va khi hau cta ving Pdng bang song Hong.
1 pH - 7,174 7,07 6.8-6,9 6,5-8,5 , L
P T 2.2. Phwong phap nghién ciru
2 DO mgl 4145 - 4143 250 < n . . o .
; Seals <l BO tri thi nghiém chéu vai trong nha ludi tai khu thi
m; - ,0-01, = [N A A A ‘A A ‘A
3T ¢ U110 190 nghiém dong ruong Khoa Nong hoc, Hoc vién Nong nghiép
4 NH/ mgl 1519 0,467 0,3-0,4 03 Viét Nam.
R 1 o R 2- 10 X sy N R ¥ X N A . g
o MO mgl 5367 0203 Bo tri thi nghiém theo kiéu khoi ngau nhién day du véi 3
6 NO, mgl 0,104 - 0.1 0,05 lan nhdc lai, v6i 4 cong thirc thi nghiém (bang 3).
7 PO mgl 15 1,69 0,1-0,3 <0,3 Bang 3. Cac cong thirc thi nghiém.
8  COD mgl  140-1424 271 30,7-34 <15 Cong thtc  Ngi dung
9 BOD, mg/l 75-79 14,9 16-18 <6 CTI1 Tudi nudce song Céu Bay khdng bon phan hoa hoe
MPN CT2 Tudi nudc thai sinh hoat khong bon phan hoa hoc
i A S - <! 7 N
e o /100ml 8.400-9.100 5.100.6.600 <5000 CT3 Tudi nude gieng khoan/nude ngdm khong bon phan hoa hoe
11 Dbmiu PYCo - 172 . . CT4 Tudi nuée giéng khoan/nude ngam co bon phan héa hoc (theo khuyén céo)
12 Sét mgl - 0,047 2 0,5 So dd bb tri thi nghiém dugc thé hién & bang 4.
13 TéngXianua mgl - KPH - - Bang 4. So d6 bé tri thi nghiém.
14  Sunfuatinh mgl KPH . Lén Thit ty sip xép, bo tri
theo H,S : X
2 Nhic lailan 1 CTI CT3 CT4 CT2
* Céac két qua dwoc in dam 1a cac két qua vuot gi¢i han cho phép so Nhéc lai 13n 2 CT4 CT2 CT1 CT3
véi QCVN 08:2023/BTNMT [3]. s
Nhac lai lan 3 CT3 CT4 CT2 CTl1

Téng lwong nudc tudi va tong lugng N quy dbi dua trén
gi4 tri trung binh ham luong N ¢6 trong nude tudi duoc thé
hién ¢ bang 2.

Bang 2. Lwong nwée twdi va tdng lweng nitor diing cho thi nghiém.

Nghién ciru da tién hanh thu thap 10 mau dat tai mot s6
vi tri 6 nhiém nang trén hé théng thuy loi Bic Hung Hai,
song Cau Bay (bang 5).

Bang 5. Thong tin vi tri, toa do, hinh anh dia diém khao nghiém.

Téng lwgng R . TT Tén miu  Dia diém, Toa dd vi tri ldy miu
a 4 Tong lwgng N quy doi dua trén — .
Péi twong nuéc (rGl trong 4 49 trung binh va lrgng 1 Vi tri 1 Ha N¢i, 21,01515°B, 105,92542°P
: 1 chiu thi RS y
nghiém a nuoc tuéi (g) 2 Vi tri 2 Ha Noi, 21,01485°B, 105,92573°D
; 3 Vi tri 3 Ha N¢i, 21,01391°B, 105,92239°D
Nude song Cau 725 0.62
Bay . ] 4 Vitri 4 Ha N¢i, 20,97639°B, 105,93784°D
Nuée thii san 5 Vit 5 Ha N¢i, 20,97823°B, 105,93820°D
o 72,5 0,55 , i
xu Iy 6 Vitri 6 Ha Nbi, 20,97614°B, 105,93784°D
Nude giéng G i 7 Vitri 7 Ha Néi, 20,97671°B, 105,93812°D
kh ’ ’ . .
oan 8 Viti8  HaNoi, 20,97692°B, 105,93822°D
Két qua phan tich cho thay, nuéc song Cau Bay c¢6 chi 9 Viti9  HaNgi,20,97692°B, 105,93828°D
tiéu N cao hon tir 3 dén 10 lan so voi QCVN 08:2023/ 10 Vit 10 Ha Noi, 20,97720°B, 105,93858°D

BTNMT [3]. Ngudn nu6c dang bi 6 nhiém chit hitu co,
khéng dam bao yéu cau tudi (mirc B1). Nudc thai sinh
hoat sau xir 1y ¢6 ham lugng N thép hon nhiéu. Nugc giéng
khoan ¢6 cac thong s6 chat lugng nude dat tiéu chuan, dap
g dugc diéu kién dung cho tudi.
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Thoi gian thi nghiém nha Iudi va khao nghiém dong
rudng: Nghién ctru dugc thyc hién trong khu nha luéi trong
thoi gian 3 vu canh tac, dong xuan 2023 va heé thu 2024. Thoi
gian 14y mau khao nghiém tai canh ddng khu vuc Cau Bay
trong vu dong 2024.



Phuong phép 14y mau va thi nghiém mau dét: Str dung
cac cong cu ldy miu dat, nudc va cdy trong; ki thuat 1dy
mau, quan trac hién truong ap dung theo tai ligu S6 tay phan
tich dat, nudec, phén bon, cay tréng nam 1999 cua Vién Tho
nhudng Nong hoa [6]. Phuong phép ldy mau, bao quan va
xtr Iy mau dat ap dung theo cic tiéu chuan: TCVN 7538-
2:2005 (ISO 10381-2:2002) vé k¥ thuat iy mau dt, TCVN
6647:2007 (ISO 11464:2006) vé xur ly dit so bo dé phan
tich 1y hoa, TCVN 6663-1:2011 (ISO 5667-1:2006) vé ki
thuat 1dy mau nudc mit [7-9]; Thir nghiém mau dat va cay
tréng theo tai liéu SO tay phan tich dét, nudc, phan bon, cay
trong nam 1999 cta Vién Thé nhudng Nong hoa va cac tai
liéu tham khao khac [6-9]. MAu dit nén dugc phan tich 1 lan
trudce thi nghiém va sau mdi vu thi nghiém.

Phuong phéap xir Iy thong ké: S lidu duoc xir 1y bing
phan mém Excel va phéan tich phuong sai (ANOVA) st
dung phan mém théng ké sinh hoc Minitab 16. Tiéu chuin
Tukey dugc sir dung dé so sanh sy sai khéc giita gia tri trung
binh ¢ d6 tin cdy 95%.

3. Két qua va ban luan

3.1. Anh hwong ciia cdc nguon nwdc twdi dén tinh chit
dit tai khu thi nghiém

Bang 6. Két qua tinh chat dat nén va dat sau 3 vu thi nghiém.

>, Nm Pm Km
tongso  (mg/100g (mg/100g (mg/100 g
%) it dh) dht)

Chi Chét hitu co N tong s6

HKC Pténg sb
tiew P OM (%)

(Nts) (%)~ (%)

Trude thi nghiém (dit nén)

6,1 0,94 0,19 0,1 L1267 10,6 103
Sau thi nghiém (vu 1)
CTl 650 1,04 026£0,02  0,14£001 1,10 72 11,8 9.9
CT12 623 1,02 0254001 0,15£0,01 093 81 11,2 10,1
CT3 614 0,86 0,13£0,03  0,09:0,03 089 32 9.8 8.9
CT4 6,10 0,88 028+0,02  0,18£0,02 1,14 83 119 124
Sau thi nghiém (vu 2)
CTl 640 1,12 025¢0,02  0,16£0,01 1,12 81 11,6 10,1
CT2 6,20 LIS 0234001 0,14£001 098 78 114 9,6
CT3 630 0,89 0,1240,03  0,08:0,03 082 56 9.3 8,6
CT4 613 092 02740,03  0,16£0,02 1,16 84 132 123
Sau thi nghiém (vu 3)
CTl 642 1,23 025¢0,02  0,14£001 1,03 76 119 109
CT2 6,14 1,21 0234001 016001 096 7.9 11,6 11,2
CT3 62 0,89 0,1240,03  0,09:0,03 088 5,1 8,7 83
CT4 6,16 0,93 02840,02  0,18:0,02 1,13 82 128 13,1
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Chi tiéu pH ctia dat sau thi nghiém nam trong khoang
6,20-6,50, ndm trong khoang pH thich hgp véi rau céi xanh
[10]. Chi tiéu pH ctia dt khong anh hudng dén rau cai xanh,
rau chan vit, hanh 14, cdy van sinh trudng va phat trién binh
thuong dong thoi khong gdy anh huong dén moéi truong dat
(bang 6).

Nhan xét: Thi nghiém phan tich ham luong chét hitu co
clia dt nén va dat sau thi nghiém, két qua nghién ciru cho
thy, ham luong chat hiru co dit OM% tai dat sau trong dao
dong 0,9-1,3%, cao hon so vdi d4t nén trudce thi nghiém 0,1-
0,5%, cho dat tréng sau thi nghiém dugc bod sung thém chét
hiru co. Viéc tréng cac loai rau (cai xanh, chan vit, hanh 14)
¢6 sir dung nue séong Cau Bay déu cao hon so véi khu vuc
dat tudi nude giéng khoan.

Ham lugng N sau khi thi nghi¢ém déu cho gia tri cao hon
so voi dat nén ¢ hau hét cac cong thire (CT1, CT2, CT4),
CT3 cho két qua N, thip hon trong dit nén. Khu vuc dat
trong c6 tudi nude song Cau Bay (CT1) va két hop phan vo
co (CT4) déu cho ham luong N, cao hon so véi cic cong
thtre khac (CT2, CT3). Riéng dat khu vuc tudi nudc giéng
khoan thap r& rang & ham lugng N,_ thdp hon 0,14%.

Ham luong P sau khi thi nghiém cac CT1, CT2, CT4
deu cho gia tri cao hon so voi dat nén. Con CT3 lai cho gia
tri thip hon dit nén. Ham lugng P cta khu vue dat trong
c6 tudi nude song Cau Bay (CT1), va két hop phan vo co
(CT4) déu cho ham luong cao hon so véi cac cong thirc
khac (CT2, CT3). Pat khu vyc tudi nude giéng khoan ¢
ham luong P_ thép 1o rang, dudi 0,01%. Tir d6 c6 thé thay,
viéc tudi nude song Cau Bay cho cac loai rau cai xanh, rau
chan vit va hanh 14 s& lam ting ham lugng P trong dat.

Ham luong K sau khi thi nghiém déu cho gia tri thap
hon hodc bang so véi dat nén tai hau hét cac cong thirc CT1,
CT2, CT3 qua ca 3 vy. Con ¢ tai cong thac CT4, gia tri
sau thi nghiém cao hon dit nén, tuy nhién cao hon voi ham
luong rat it, chi 0,01%-0,04%.

Ham lugng N d tiéu cao hon dit nén. Ham luong N
dé tiéu tai CT1 dao dong 7,2-8,1 mg/100 g dét kho; CT2
dao dong 7,8-8,1 mg/100 g dat khéo; CT3 dao dong 3,2-5,6
mg/100 g dat kho; CT4 dao dong 8,2-8,4 mg/100 g dat kho.
Nhu vy, CT4 tich lity ham luong N dé tiéu cao nhat, tiép
dén 1a CT1, CT2 va thip nhat 1a CT3.

Ham luong P dé tiéu thap nhét tai CT3 va thdp hon dét
nén kha nhiéu. Trong khi d6, CT1 (11,6-11,9) va CT2 (11,2-
11,6) ¢6 ham luong P chi vuot qua ham luong P dé tiéu cé
trong dit nén & muc 0,6-1,0 mg/100 g dit kho. CT4 co ty 18
vuot ham luong P d& tiéu 16n nhat 11,9-12,8 tirc 1a vuot dat
nén 1,3-2,2 mg/100 g dat kho sau 3 vu canh tac.
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Ham lugng K dé tiéu trong CT4 ting cao va vuot ty 1é
so v6i dat nén, cao nhat 2-2,8 mg/100 g dat kho tie 1a vuot
1,2-1,3 14n so vé6i dat nén. CT3 lai c6 xu hudéng nguoc lai la
ham luong K dé tiéu giam manh, giam 1,4-1,7 mg/100 g dat
kho so véi dat nén. CT1 va CT2 trong 2 vu dau canh tac co
xu hudng giam nhe 0,2-0,7 mg/100 g dit kho, nhung dén vu
3 lai vugt dat nén thi nghiém 0,6-0,9 mg/kg kho.

CT1 va CT2 lam tang dang ké OM, ham luong N téng
s6, ham lugng P tong s6 va cac dang N, P dé tiéu, ching t6
kha ning cai thién d6 phi cua dat.

3.2. Két qud phén tich mau dit khéio nghiém tgi cdac
khu vuc twoi nuoc song Ciu Bay

Két qua phan tich cac chi tiéu trong dat duoc thé hién &
bang 7.

Bang 7. Két qua phan tich cac chi tiéu trong dat lay mau khao
nghiém.

Nd Pd Kd
T Tenmdu D¢ pu M N P K g g
trong (%) (%) (%) (%)
100g) 100g) 100g)

I Vitil LI 68 25 0,19 014 17 102 980 124

2 Vviwi2 10 76 29 024 0,10 18 IS 920 152

30 Viwid 09 72 18 020 016 18 95 10,7 20,1

4 Viuid 10 7,1 25 022 014 17 114 950 154

5 Viuis 09 68 18 022 0,10 L5 11,2 10,5 14,6

6 Viti6 1,0 7119 018 0,12 18 10,5 124 154

7 Viwi7 09 70 27 039 034 19 104 100 152

8 Vimi8 11 78 3.1 044 030 20 117 940 20,1

9 viui9 10 74 20 040 036 20 97 109 154

10 Viuilo 1,0 76 27 041 032 18 102 102 148

Viée tudi nude song Cau Bay (nude 6 nhidm) déu c6 ham
lwong chat hitu co trong dat & mirc kha - giau; N tong s6 % &
mue giau (0,1-0,25) va rat giau (>0,25), P téng sé % & mic
gidu (>0,1%) theo thang danh gia nim 2010 cua Vién Thd
nhudng Nong hoa. Cac chi s6 dé& tiéu N, P, K déu rat cao so
v6i dat nén. Cac vi tri khao nghiém cang gan song Cau Bay
thi muare d¢ tich Iy cao hon so véi cac vi tri khac (bang 7).

Céc két qua mau dat khu vuc tréng rau g?m song Cau
Bay c6 P >0,3% va N _>0,25%, mirc rat gidu - tiém an nguy
co anh hudng dén cay rau (bang 7).

Két qua nghién ctru cho thay, viéc tudi bang nudc thai
trong thoi gian ngin da 1am ting dang ké ham luong N va P
trong dat so v6i cong thirc d6i ching khong bon phan hozc
tudi bang nudce sach (bang 6). Su gia ting nay c6 thé dugc
1y giai boi nhidu co ché tac dong dién ra dong thoi trong moi
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truong dat, bao gdm qué trinh khoang héa N, phéan giai N
va P trong dat, hap phu N, P trong keo dat. Viéc tudi nude
thai trong thoi gian ngin di lam ting dang ké ham lugng N
dé tiéu va P dé tiéu trong dat cat [11]. Trong nudc thai c6 hé
vi sinh vat da dang, mét do cao nén phan ung khoang hoa
cac hop chét hitu co manh hon trong d4t nho hé vi sinh vat
hoat dong. Do vay, viéc tudi nudc thai co thé lam tang ham
luong N va P trong dat nho phan ung khoang hoa chat hitu
co[12].

Tudi rau v6i thoi gian ngin (30-40 ngay/vu), va thoi
gian tudi gian doan trong ngdy, nén cic dang N va P dé
tiéu chua bi rira troi, mét di do bdc hoi. Pong thoi, ching
lai duoc hép phu boi keo dat nén phﬁn lon luong dua vao
tlr nudce thai van ton tai trong dét, dac biét & téng mat (0-20
cm) [13]. Do vay, ham luong N va P téng sé dugc giit lai
trong dat va gia ting theo thoi gian va luu lwong nude tudi
dua vao dét (bang 6).

Mot s6 nghién ctru chi ra rang, khi tudi bang nudc thai s&
lam ting CEC (dung tich trao doi cation) va diéu chinh pH
dat, giup dat giir lai duoc cac ion dinh dudng nhu NH,* va
PO, [14]. Tac gia cling két luan, tudi nudce thai cai thién
kha nang giit dinh dudng ctia dat nho ting CEC va kha niang
dém pH cua dat.

4. Két luan

St dung nude 6 nhiém, nudc thai dé tudi ¢ thé mang
lai loi ich vé mat bd sung N, P va chét hiru co cho dat, cai
thién d6 phi nhiéu dét, ting d6 am, giam chi phi phan bon.
Két qua cho théy, mot sd dic tinh cua dat duge cai thién nho
viée tudi nude song Cau Bay va nudce thai sinh hoat nhu pH,
chat hitu co, nito, phdt pho trong dat so voi cong thire tudi
bang nudc giéng khoan. Tuy nhién, sy tich lily ham luong
N, P qua cao trong d4t da xuét hién ¢ khu vuc tudi nude
thuong xuyén tir song Cau Bay, do ham lugng N va P trong
nudc tudi tich luy mot phan 1én cac bd phan cia cay, phan
con lai s& tich luy trong dat. Ham luong N, P tich lity trong
dat tang cao hon khoang 1,4-1,5 1an so véi tudi nudc giéng
khoan. Day la nguy co gay tich ity nitrat vao rau néu khong
duogc kiém soat ddy du can bang dinh dudng trong nudc
tudi, dat va phan bon.

LO1 CAM ON

Bai béo nay dugc thyc hién trén co s¢ két qua cia luan
an nghién ctru: “Pénh gi tich luy nitrat trong rau in 14 trong
trén dat phu sa song Hong do anh hudng cta cac ngudn
nude tudi” do NCS Duong Thi Kim Thu thuc hién. Cac tac
gia xin chan thanh cam on.
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})51 moi quy trinh may dap bi thong qua nghien ciu, thiét ke, ché tao
hé thong cit, g4, dwing ban tur dong kip cho méy lap trinh Juki AMS-221EN2516

Hoang Xuin Hiép, Nguyén S§ An’, Nguyén Vin Lam, P Xuin Chit, Dwong Thi Hoan
Truong Dai hoc Cong nghiép va Thuwong mai Ha Noi, xa Gia Lam, Ha Noi, Viét Nam
Ngay nhén bai 25/12/2025; ngay chuyén phan bién 28/12/2025; ngay nhan phan bién 25/1/2026; ngay chép nhan dang 30/1/2026
Tom tit:

Cong doan may dap tui trong san Xuit veston/Jacket thwong thwe hién trén may mét kim. Khi may, ngu'm van hanh
phal gap mép va gitt mép dap lién tuc dé bio dam d¢ chinh xac dwong may ml, dong thoi lay va sap xep ban thanh
pham sau may. Cac thao tic nay lam tang thoi gian chu trinh may va gay bién dong chit lwgng. Bai bao dé xuat doi
moi quy trinh may dap tai trén may Juki AMS-221EN/2516 bang hé thong cir-ga-dudng ban ty dong. Hé thong tich
hop co cAu gap mep va ép giir vai dung Kkhi nén, diéu khién PLC (bo dleu Kkhién logic kha trinh) theo moé hinh chu
trinh-trang thai daé dong b0 véi chuyen dong may va tw dong lay, sap xep ban thanh pham sau may; nho dé quan ly
lién d9ng ré rang va ting dd tin cay khi van hanh Lip lai. Thir nghiém sin xuit dwgc thye hién 30 lin trong 30 ngay
(m&i 1an 4 gio; n=30 cho mdi phwong an). Két qua cho thiy, thoi gian chu trinh trung binh giam tir 11,9£0,7 gidy/chi
tiét xudng 8,3+0,5 gidy/chi tiét (giam 30,3%; Welch t-test, p<0,001), twong ng san lweng ting tir 1212 1én 1739 chi
tiét/4 gior (ting 43,5%). Puong may mi 6n dinh hon va it phu thudc tay nghé nho loai bé thao tac giir mép.

Tir khoa: cir-ga-dwong, Juki AMS-221EN/2516, khi nén, may dap tai, may may 1ap trinh, Programmable Logic
Controller, tw dong hoa may.

Chi s6 phdn logi: 2.3, 2.11

Innovation of the pocket attachment sewing process through research, design, and fabrication

of a semi-automatic jig-fixture-template system for the Juki AMS-221EN/2516 programmable sewing machine
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Abstract:

Pocket facing attachment in veston/jacket production is commonly performed on single-needle sewing machines.
During sewing, operators must manually fold and continuously hold the facing edge to ensure stitch-line accuracy,
while retrieving and arranging semi-finished parts after sewing. These manual operations increase the sewing cycle
time and lead to quality variation. This study proposes an innovative pocket-facing sewing process on the Juki
AMS-221EN/2516 programmable sewing machine using a semi-automatic jig-fixture-template system. The system
integrates a pneumatic edge-folding and clamping mechanism controlled by a PLC using a cycle-state control scheme
synchronised with the sewing motion, and automatically retrieves and arranges semi-finished parts after sewing;
consequently, interlocks are clearly managed and operational reliability is improved under repeated operation.
Production trials were conducted 30 times over 30 days (4 hours per trial; n=30 for each method). Results show that
the mean cycle time decreased from 11.9+0.7 s/part to 8.3+0.5 s/part (-30.3%; Welch’s t-test, p<0.001), corresponding
to an output increase from 1212 to 1739 parts per 4 hours (+43.5%). The topstitch line became more stable and less
dependent on operator skill due to the elimination of manual edge holding.

Keywords: automation in garment manufacturing, computer-programmable sewing machine, jig-fixture-template
system, Juki AMS-221EN/2516, pneumatic actuator, pocket attachment sewing, Programmable Logic Controller.

Classification numbers: 2.3, 2.11
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1. it van de

'Nganh may mac giir vai tro quan trong trong co céu san
xuit cong nghlep va xuat khiu cua Viét Nam. O nhom san
phim c6 yéu cdu thdm my cao nhu veston, jacket..., bd
phan tui 4o (dap tai) vira c6 chiic nang st dung vira quyét
dinh cam quan tham my, do d6 doi hoi d chinh xac va tinh
ddng déu cao cua mép gip va duong mi.

Trong quy trinh may 4o veston, cong doan may dap thi
thuong gdm céc budc:

Bude 1: Kiém tra tht tu ban thanh phém; dat 16t tai bén
phai va dap tai bén trai vi tri nguoi may.

Budc 2: it 16t ti 10n 1én ban may (ddu bdm hudng vé
tru kim); gap 1 cm canh dudi déap tai va dat 1€n 16t ti theo
dau bam.

Budc 3: May mi dap ti cach mép 1,5 mm.

Budc 4: Kiém tra d6 tring khit canh trén cta dap tai véi
canh trén cua 16t thi.

Budc 5: Léy va sdp xép ban thanh phidm sau may theo
thtr tu d€ chuyén sang cong doan ke ticp.

V6i phuong phép truyén thong, cong nhan phai gdp mép
thii cong va dong thoi giit - can chinh mép gip trong subt
chu trinh may. Cac thao tac nay phu thudc nhiéu vao tay
nghé, lam ting thoi gian chu trinh va dé phat sinh sai léch
duong mi khi vét liéu truogt hodc mép gip khong on dinh,
tur fi'(’) anh huong dén chat lugng va tinh dong déu cua san
pham.

Trén thi truong da c6 cac may chuyén dung may tui tu
dong voi mue tyr dong hoa kha cao, tuy nhién chi phi dau tu
16n, tinh chuyén biét cao, ton nhiéu thoi gian va chi phi thay
thé khuon dudng khi kich thude thi thay dbi. Trong khi do,
nhiéu doanh nghiép trong nudc van khai thic may may lap
trinh dé may cac chi tiét theo quy dao lap trinh sin, nhung
ph?m 16n thao tac chuan bi ban thanh phém (gép mép, gilr
mép, 1éy va sdp xép sau may) van dugc thuc hién thii cong
hoic bang duong thao tac thu cong. Vi vy, huéng tiép can
cai tao trén nén may sdn c6 bang hé thong cir - ga - dudng
ban tu dong nham tu dong hoa cac thao tac thu cong néu
trén va van giit duoc tinh linh hoat khi thay d6i ma hang 1a
can thiét. So v6i hudng dé xuét cai tién, may chuyén dung
thuong co chi phi dau tu va chi phi thay d6i ma hang (thay
cit - g4 - dudng) cao hon, thoi gian chuyén ddi dai hon va
murc linh hoat thap hon khi san xuat nhidu ma hang nho 1¢.

Trong nghién ctru nay, may may lap trinh Juki AMS-
221EN/2516 duoc chon lam nén tang do c6 kha ning may
theo quy dao 1ap trinh, co ciu ép giit vai va ving lam viéc
phu hop dé tich hop d g4, cir dudng ma khong lam thay doi
két cAu nguyén ban ctia may [1].
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Muc tiéu cua nghién ctru la thiét ké, ché tao va tich hop
hé théng cii-ga-dudng ban ty dong gdm co cdu gip mép,
¢ép gilt va co cAu léy, xép san phém duogc tu dong hoa, diéu
khién bang PLC dé ddng b véi chu trinh may; qua d6 rit
ngén thoi gian chu trinh va nang cao tinh 6n dinh chit lugng
trong diéu kién san xuat.

Céc déng gop chinh ciia nghién ctru gdbm: (i) P& xuat
kién trac co cdu gip mép tu dong dung khi nén phu hop
cong doan may déap tai; (i) Xy dung logic diéu khién PLC
theo m6 hinh chu trinh - trang thai dé dong b hoa chuyén
dong gap/ép/thu hdi v6i chu trinh may; (iii) Panh gia dinh
lugng trong didu kién san xuét thong qua so sanh thoi gian
chu trinh va ning suat gitra hai phuong an.

2. Tong quan nghién ciiu

Tu dong hoa trong may méc gip nhiéu thach thire do vat
liéu vai mém, d& bién dang va yéu cau tham my cao, khién
viéc kep, dan, dinh vi chi tiét trong qua trinh may kho dat
d6 1ap nhu cac vat lidu cimg. Nhidu huéng nghién ciru gan
day tap trung vao robot/thiét bi gidp mém két hop thi giac
méy nham chu dong bu sai 1éch dudng may va thao tac voi
vat liéu mém [2-5].

Déi v6i tu dong hoa & mirc xudng san xuit, mot hudng
tiép can hiéu qua 1a st dung dd ga/tem (template) dé 6n
dinh chi tiét va/hodc co ciu cap phdi tu dong tich hop voi
may may cong nghiép (dac biét 1a may may lap trinh). Céac
nha khoa hoc di phat trién hé thong cip phoi ty dong va
template ty ché cho may may lap trinh nham giam thao téc
thi cong, dong thoi phan tich anh hudng cua tinh chét vai
t6i kha ning may tu dong [6, 7]. Piém méi cua nghién ciru
nay 1a tich hop dong thoi (i) co cdu gap mép va ép giir dung
khi nén, (ii) co cau ldy - xép ban thanh phim sau may, va
(iii) logic diéu khién PLC theo md hinh chu trinh - trang thai
dé dong bo hoa voi chu trinh may - tép trung riéng cho cong
doan may dép tai trong diéu kién san xuét.

Riéng véi cong doan tiii 40, cac nha san xuat cung cp
nhiéu méay chuyén dung may tai tu dong (automatic pocket/
welting machines), c6 kha nang tu dong dinh vi, may va
xtr Iy mot s6 thao tic sau may. Vi du, Juki cung cép dong
may may tui tu dong APW va Automated Sewing Systems
(A-S-S) cung cip cac may may tui ty dong BASS. Céc thiét
bi nay c6 mic ty dong hoa cao nhung thudng yéu ciu dau
tu 16n, d6 linh hoat khong cao khi thay d6i ma hang nén chi
phit hop cho day chuyén chuyén mén hoa cao [8, 9].

Trong bdi canh nhiéu doanh nghiép dang s& hitu may
may lap trinh, hudng cai tao (retrofit) bang hé thong cir-ga-
dudng ban tu dong 1a lya chon t8i wu, nham tu dong hoa cac
thao tac ton thoi gian nhung van gitr dugc tinh linh hoat cta
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may. Bang 1 tom tit mot s6 hudng tiép can tiéu biéu va vi tri
cua giai phap dé xuat trong nghién ciru nay.

Bang 1. So sanh mét s6 hwéng tiép can tw déong héa céng doan
may tdi va vi tri ctia giai phap dé xuét.

Huéne tiép can Vidu/ Mikc tw dong hoa Nhén xét so sanh
ghiep c2 ngudn  va pham vi (chi phi/linh hoat)

Tudong hoa cao, hee gy, g1, o

hién nhiéu budc trong chuvén biét cao:
May chuyén dung 8, 9] chu trinh may tui, do hflyh d;i ?
may tii tu dong ? linh hoat khong cao P ;Q‘p v N

RN 2. chuyén chuyén
khi ma hang thay doi NP
a moén hoa
lién tuc.

Phure tap, chi phi
cao; chi yéu &
muc nghién ctru/

Robot/thiét bi gip
mém + thi gidc

Ty dong hoa cao,
[2,3,5] hudng tdi thao tac vat

ma liéu mém va bu sai léch .
Y ; ; thtr nghiém

Méy may 14p [6,7, Tudonghéabinty oLl Poicéitéo

N s A N X P . thap hon; linh
trinh + do0 ga/tem  nghién  dong: ho tro gap mép, N

> S >z« hoat theo ma hang

(template) + co cliru ép gitr/dinh vi, lay, xep PPN

A X nhung can hi¢u
cau phu trg nay sau may

chinh théng s

Nhin chung, giai phap ctia nghién ctru ndy nam giira hai
cuc: tu dong hoa cao nhung chi phi 16n (mdy chuyén dung/
robot) va thao tac thii cong phu thudc tay nghé; uwu thé ct
15i 1a cai tao chi phi thap trén may 1ap trinh sin co, van gitr
tinh linh hoat khi d6i ma hang, dong thoi ty dong héa cac
thao tac tén thoi gian (gép - ép - 1dy - xép).

3. Dé xuét hé thong va phuong phap nghién ciu
3.1. Péi twong, vt liéu va pham vi thir nghiém

Dbi tuong nghién ciru 14 cong doan may dap thi trong
quy trinh may 4o veston, véi yéu ciu gap mép 1 cm va may
mi cach mép 1,5 mm; duong may thang, miii may déu, mat
d6 4 mui/cm.

Nghién ctru so sanh hai phuong an: (i) may thu cong trén
may 1 kim va (ii) may trén may may lap trinh Juki AMS-
221EN/2516 ¢6 lip hé thong cit-ga-dudng ban tu dong.

Thir nghiém duoc thuc hién trén mot s6 ma hang veston
tai doanh nghiép; vat li¢u va kich thudc dap tii gitv ¢b dinh
trong sudt qua trinh do va sir dung cting mot cong nhan van
hanh dé bao dam tinh so sanh giita hai phuong an. Phuong
phap thi nghiém, chi tiéu danh gia va cach xtr 1y s6 lidu duoc
trinh bay ¢ muc 3.5.

3.2. Dé xudt hé thong

Hé théng cli-ga-dudng duoc dé xuit dé tu dong hoa
mot phan cong doan may dap tai 4o trén may l1ap trinh Juki
AMS-221EN/2516. Hé théng duoc tich hop truc tiép 1én
may va khong 1am thay d6i két ciu nguyén ban, bao gdm 2
phén chinh:
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Phan co cdu chap hanh gém cic co ciu co khi két hop
v6i truyén dong bang khi nén thong qua cac xi lanh.

Phan diéu khién: Str dung PLC dé diéu khién viéc cap
khi nén cho xi lanh thong qua cac van dién tur bd loc khi va
diéu ap.

Céc thanh phn trén duogc thiét ké va phdi hop ddng bd
dé thuc hién cac chuc nang gép mép, ép gitt, dinh vi san
phém, diéu khién chu trinh may theo trinh ty xac dinh, sép
xép ban thanh pham sau khi may. So d6 tong thé ciu tric hé
thong cai tién duoc trinh bay tai hinh 1.

Diu may
nguyén bin

Co cu liy va B diéu khién

trung tim - PLC
FX3U-48MT
<«—— Tin hiéu dién Co ciu gip

f
o mép va cim
T1'n hiéu khi bién ¢
nén
<—— Tin higu diéu U
khien PLC ‘T . > ——
=) Dutmg di BTP g e

Hinh 1. So db hé théng cir, ga, dwdng ban tw déng. Ngudn: Nhém
nghién clru.

Co cip ép giir
vi cim bién

sap xép sp va
cim bién

May may lap trinh Juki AMS-221EN/2516 duogc lya
chon 1am nén tang nghién ctru d6i méi quy trinh may dap
tai trong nghién ctru nay. Hinh dang va két cdu téng thé cua
may trudc va sau khi 1ap thém hé thong cii-ga-dudng ban tu
dong duoc thé hién ¢ hinh 2.

(A) (B)

= = < '4: :r"::n — \ , 28
Hinh 2. May Iap trinh Juki AMS-221EN/2516 trwéc va sau khi Iap
thém hé théng civ, ga, dwéng ban tw dong. (A) May trudc khi cai
tién; (B) May sau khi lap hé théng cii-ga-dwéng ban tw dong.

.

3.3. Co céiu chip hanh

3.3.1. Phan co khi

Bai toan dat ra ddi voi phz‘in co khi 1a can ché tao bod
dudng gip mép dé bao dam c6 thé gap mép tu dong dat yéu
cau k¥ thuat cia duong may mi. Co cau gip mép tu dong
lam viéc trén nguyén ly 6 budc nhu hinh 3.



Budrc 2
Ban ép Ban ép

Ban ép
Thanh ty N
& J y O /Thanhty

~
A Vai dap ti Ban gép mép

Vai dap ti Ban gép mép|

Hudng dich chuyén thanh ty

\Huéng dich chuyén ban gap mép

Budrc 1

Vai dap tii
Ban gap mép

Thanh ty
\ Huong dich chuyén ban ép

Budc 4 Budc 5 Budc 6
Thanh ty
Ban ép Thanh ty

Ban ép

an gép méy
Vai dép tai g mep

on gp mép Ban gap mép
Vai dap tii

Vi ddp i

Thanh ty

/ Huéng dich chuyén ban ép va vai

AN Huong dich chuyén ban gép mép
/ra Vi tri may

Huong dich chuyén thanh ty

Hinh 3. Nguyén Iy gap mép tw dong. Ngudn: Nhém nghién clru.

Phan co khi cua hé théng duoc thiét ké, ché tao bao gém
co cau gip mép ty dong, co cu ép giir san pham trong qua
trinh may va co ciu lay va sip xép san pham sau may. Cu
tric va nguyén 1y 1am viéc cua cac co cdu co khi duoc thiét
ké va mé phong trén phdn mém Inventor (hinh 4A). Co cu
gip mép duoc thiét ké voi cac chi tiét dan hudng va bé mat
tiép xtic phu hop vai vat lidu vai, dé bao dam mép gap déu,
chinh xac va khong gay hu hong bé mit vai trong sudt chu
trinh 1am vi€c (hinh 4B).

Co cdu ép gitt ¢6 nhiém vu cb dinh va din huéng san
pham theo diing quy dao may da dwoc 1ap trinh sin trén may
Juki AMS-221EN/2516 (hinh 4C). Nho do6, duong mi dap
tai duoc bao dam thing, ding vi tri thiét ké va co do lap cao
giita cac san pham. Co cdu ldy va sip xép san phdm sau khi
may xong giup giam thao tic cho cong nhan dé ho c6 thoi
gian dit vai cho san pham tiép theo (hinh 4D).

(A) (B)

Hinh 4. Co’ cau co khi chinh ciia hé théng civ, ga, dwéng ban tw
dong. (A) Md phdng thiét ké trén Inventor; (B) Co cu gap mép; (C)
Co clu ép; (D) Co cau lay va xép ban thanh phdm. Ngudn: Nhém
nghién ctru.
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Céc co cau duge bd tri gon gang, dé thao lip va diéu
chinh, khong anh huong dén két cdu nguyén ban cia may.
Thiét ké nay cho phép hé thong cai tién co thé trién khai
thuc té trong méi trudng san xudt ma khong yéu cau thay
dbi 16n vé thiét bi hién co; ddng thoi khi kich thude tui
thay d6i, doanh nghiép chi cin linh hoat ché tao nhanh phin
dudng may cho phtt hop 1a ¢6 thé tién hanh san xuét.

3.3.2. Phan khi nén

Hinh 5. Van dién tir va bo loc khi nén. Ngudn: Nhém nghién ctu.

Hé thdng khi nén trong nghién ctru nay duoc thiét ké
dé thyuc hién cac chiic nang gap mép, ép giit va dinh vi san
pham trong sudt chu trinh may dép ti. Day 1a hé thong chap
hanh chinh, déng vai tro truc tiép trong viéc thay thé cac
thao tac thu cong ciia cong nhan, dong thoi bao dam tinh 6n
dinh va kha nang lap ctia qua trinh cong nghé.

Hé thdng str dung céc xi lanh khi nén lam co cau chip
hanh, dugc b tri twong tng véi timg cong doan nhu xép
vai, ép giit, gip mi va kéo, dinh vi san phim. Mdi xi lanh
dam nhi€ém mdt chuc nang cu thé va dugc lya chon vé
duong kinh, hanh trinh va luc déy dua trén dac tinh vat liéu
vai cling nhu yéu cau cong nghé cta cong doan may dap tai
4o veston. Cu thé, luc kep dugc chon du lon dé chéng truot
khi may nhung khong gy bién dang vai; hanh trinh xi lanh
bao dam hét bién do gip-ép theo kich thudc dap tai; ap suat
lam viéc dugc gidi han theo déc tinh vat liéu va dugc hiéu
chinh thyc nghiém dé bao dam chuyén dong ém.

Céc xi lanh dugc diéu khién thong qua van dién tir va két
hop v6i bo loc, didu ap (hinh 5) dé bao dam 4p sut 1am viéc
on dinh, chuyén dong ém va kéo dai tudi tho thiét bi. Téc do
chuyén dong cua xi lanh duoc diéu chinh bang van tiét luu
dé phu hop véi ting giai doan ciia chu trinh may, tranh hién
tuong va dép co khi hodc lam x6 1éch vat lidu.

40
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Nguyén tic hoat dong cua hé théng khi nén duoc xdy
dung theo trinh tu tuan ty, trong d6 cac co cAu gip va ép giir
chi dugc kich hoat khi san phim da dwoc dinh vi 6n dinh.
Viéc phan chia ro rang chiic nang va trinh ty lam viéc cua
tung xi lanh gop phﬁn han ché xung dot co khi, giam rung
dong va nang cao do chinh xac cua qua trinh tao hinh dap tdi.

H¢ théng khi nén dugc md phong trén phin mém
Automation Studio dé kiém tra logic lam viéc va su phdi
hop gitra céc co cau chip hanh. Két qua mo phong cho thy
cac xi lanh hoat dong dung trinh ty thiét ké, chuyén dong on

dinh va dép tng yéu ciu cong nghé ctia qua trinh may dap
tui ban ty dong (hinh 6).

3.4. Phén diéu khién dién - di¢n tiv

3.4.1. Thiét ké, ché tao tii dién diéu khién

Dé tich hop hé théng cit-ga-dudng ban ty dong, mot tu
dién diéu khién dugc thiét ké va lap bd sung cho may Juki
AMS-221EN/2516. T dién 1a trung tim cdp ngudn, xir 1y
tin hiéu diéu khién va diéu khién cac co cdu chap hanh khi
nén cua hé thong (hinh 7). Ngudn dién ludi dugc dua vao ti
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Hinh 6. M6 phéng hoat déng cua cac xi lanh khi nén trén phan mém Automation Studio. Ngudn: Nhém nghién ctu.
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Xilanh ¥2
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Xilanh ¥3
OFF ON
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Xilanh Y5
DFF ON
Xilanh Y&
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Xilanh Y0 =0
Xilanh ¥& =0

Ti higu ban dap
%2=1
B

Hinh 7. Lwu d6 thuat toan diéu khién. Ngudn: Nhém nghién ctru.
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dién qua MCB tong dé dong cat va bao vé. Tir nguon AC, bd
nguén chuyén ddi tao dién ap DC on dinh (vi du 24 VDC)
cép cho PLC, cam bién va cudn hat van dién tir, bao dam hé
thdng 1am viéc on dinh va giam nguy co suy giam tin hiéu
khi tai thay doi.

Cac mach cong suét va mach diéu khién duoc tach riéng;
tin hi€u vao/ra dugc gom nhom theo chirc nang dé thuan
tién d4u ndi, kiém tra va bao tri. Cach to chirc nay lam giam
nhiéu dién tir, tang do tin cdy khi lam viéc lién tuc trong moi
truong san xuat.

Bén canh d0, cac phan tir nhu relay trung gian, terminal
dau ndi va thiét bi bao vé dugc bd tri theo nguyén tic phan
tang chirc nang, bao dam khoang cach an toan va kha ning
mé rong khi can bd sung tin hiéu hodc co cdu trong cac
nghién ctru tiép theo.

3.4.2. Logic diéu khién PLC

PLC duogc st dung lam bo diéu khién trung tam, tiép
nhan tin hiéu tir cam bién (tiém cén, hanh trinh) va trang thai
chu trinh may, sau do phat 1énh diéu khién cac van dién tur
dé kich hoat xi lanh khi nén theo ding trinh tu cong nghé.

PLC FX3U-48MT duogc lya chon do dap ung sb lugong
tin hiéu vao/ra dé diéu khién céac co ciu gép mép, ép gilt va
lay-xép ban thanh phdm; dong thdi cho phép mé rong/hiéu
chinh thuan tién khi thay d6i yéu ciu cong nghé.

Chu trinh diéu khién dugc td chuc theo méd hinh chu
trinh-trang thai (cycle-state), gdm céc trang thai: chuan bi,
xép-gap mép, ép gitr, thuc hién chu trinh may va lay-xép
ban thanh pham. Chuyén trang thai dya trén tin hiéu cam
bién va diéu kién lién dong dé bao dam an toan va tinh lap.

Cach t6 chirc diéu khién theo trang thai gop phan dong
bo hoa chuyén dong co cdu véi chu trinh may, dong thoi
cho phép hiéu chinh nhanh cac tham sé nhu thoi gian tré, ap
suét kep va hanh trinh khi thay ddi vat liéu hodc kich thudc
chi tiét.

Bai toan diéu khién h¢ thong lam viéc & hai ché d nhu
luu d6 thuét toan:

Ché d6 Man: Dung dé kiém tra va diéu khién ting co
céu/xi lanh riéng 1¢ (bat/tat theo hanh trinh) trong qua trinh
lap dat va bao tri.

Ché d6 Auto: DPiéu khién theo trinh tu logic dua trén tin
hiéu cam bién dé van hanh chu trinh may ban tu dong.
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3.5. Phwong phap thi nghiém, chi tiéu danh gid va xw
1y 56 ligu

Thi nghiém dugc tién hanh trong diéu kién san xuét véi
hai phuong an (may tht cong bang may 1 kim va may bang
may lap trinh Juki AMS-221EN/2516 lap hé thong cir-ga-
dudng ban tw dong). Mdi phuwong an duoc van hanh lién tuc
4 gid cho mot phién do; thuc hién 30 phién do trong 30 ngay
(mdi ngay mot ca), do d6 ¢& mau n=30 cho mdi phwong an.
Trong sudt qua trinh thir nghiém, ma hang, vat liéu, kich
thudc dap tii va nguoi van hanh dugc giit khong doi. Viée
kiém soat nay nham loai trr anh hudng cua khac biét vat
lidu va tay nghé, qua d6 bao dam so sanh cong bang hiéu
qua gitra hai phuong an.

Trong mdi phién do, ghi nhan téng s6 ban thanh phém
hoan thanh (N), sé san pham dat yéu cau (N-dat) va sb san
pham khong dat (N-khong-dat). Tiéu chi dat/khong dat dyua
trén yéu cau ky thuat cong doan (mép gap dung 1 cm, duong
may mi cach mép 1,5 mm, duong mi thing, mii déu va
khong c6 18i ngoai quan anh hudng chét lugng).

Thoi gian chu trinh trung binh cho mdt san pham dugc
quy doi tir s6 luong san pham hoan thanh trong 4 gio theo
cong thic: t=14.400/N (gidy/chi tiét). Ty 1¢ dat yéu cau va
khong dat 1an lugt dugc tinh:

Ndat Nkhéng dat

pP="14= " v

N N

S liéu dwoc moé ta bang trung binh +SD. So sanh giita

hai phuong 4n sir dung kiém dinh t hai mau doc lap hiéu
chinh Welch cho chi ti€u thoi gian chu trinh; ¢& anh huong
béo céo bang Hedges’ g. Dbi v6i chi tiéu san luong (BTP/4
gid), ty sd toe do san xudt duge udc luong theo md hinh
Poisson va bao cao kém khoang tin cay 95%; muc y nghia
théng ké chon 0=0,05.

4. Két qua

Heé théng cii-ga-dudng ban tu dong dugc lap dit va thi
nghiém trén may may lép trinh Juki AMS-221EN/2516 tai
cong doan may dap tai 4o veston trong diéu kién san xuat.
Mbi phuong an duge van hanh lién tuc 4 gio; thir nghiém
1ap trong 30 ngdy (n=30 cho mdi phwong 4n). Trong toan bd
thoi gian thir nghiém, ma hang, vat liéu va cong nhan van
hanh dugc giit ¢ dinh dé bao dam tinh so sanh. Cac chi tiéu
danh gid gém thoi gian chu trinh (gidy/chi tiét), san lugng
(chi tiét/4 gid) va quan sat dinh tinh v& d6 6n dinh duong
may mi va mép gép.
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D6i voi phuong phép may thu cong trén may 1 kim, tong
thoi gian dy kién hoan thanh mét san pham xap xi 12 gidy,
bao gdm thoi gian cac thao tac kiém tra, gip mép, may mi
va sap xép ban thanh pham sau may (bang 2).

Bang 2. Thei gian may thu cong.

Budc . 7 Thoi gian
. Noi dung buéc may thyre hién (giéy)
Kiém tra thir tir ban thanh phim 1
1
Dat 16t thi bén phai, dap ti bén trai nguoi may 1
Dit 16t thi 16 1én ban may, déu bdm huéng vé tru kim 2
2
Bé gip 1 cm canh du6i dap tai, dt 1én 16t thi theo .
ddu bém
3 May mi dap tii cach 1,5 mm 3
4 Kiém tra canh trén ctia dép tii bang canh trén cia |
1ot tai
5 it ban thanh pham may xong sang bén trai ngudi |
may
Téng thdi gian 12

Ngudn: Nhém nghién ctru.

Sau khi tich hop hé thong cir-ga-dudng ban tu dong,
thao tac gip mép va giit mép trong qua trinh may duoc thay
bang co cdu gap-ép tu dong; dong thoi thao tac ldy va sip
xép ban thanh phém sau may dugc hd tro tu dong. Nho do,
thoi gian du kién dé hoan thanh mot san phim giam xudng
khoang 8 giay (bang 3).

Bang 3. Thoi gian may biang may may lap trinh Juki AMS-
221EN/2516 cai tién.

Bude - 7 Thoi gian
may Noi dung buéc may thiye hiéa (g3iy)
1 Kiém tra thir tir ban thanh phém 1
Dit dap thi 16n ban may theo ddu ban ép, co céu tr dong .
gap mép dap thi
2
Dit 1én 16t tii theo ddu (mép vai 16t bang mép vai dap) 2
3 May mi dép thi cach 1,5 mm 2

Téng thoi gian 8

Ngudn: Nhém nghién ctu.
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So sanh giira phuong 4n truyén théng va phwong 4n cai
tién cho thdy thoi gian chu trinh trung binh giam tir 11,9+0,7
gidy xudng 8,3+0,5 gidy/chi tiét (giam 30,3%; kiém dinh
t hi€u chinh Welch, p<0,001). Mic anh huong ctua giai
phép di vai chi tiéu thoi gian chu trinh 14 rat 16n (Hedges’
g=5,62; KTC 95%: 4,48-6,75). Tuong Gng, san luong ban
thanh phim (BTP) ting tir 1212 1én 1739 BTP trong 4 gio
(tdng 43,5%). M6 hinh hoa san lugng trong khoang thoi gian
¢b dinh theo phan b Poisson cho thay ty sd tbe do san xuat
dat 1,435 (KTC 95%: 1,33-1,54; p<0,001), khéng dinh muc
cai thién ¢ y nghia thong ké trong diéu kién thir nghiém.
Céc s6 liu tong hop dugc trinh bay trong bang 4.

Bang 4. So sanh nang suét khi may thi céng va may bang Juki
AMS-221EN/2516 cai tién trong 4 gio.

Sin hron Thoi gian Niing suit
STT  Phuwong phdp may (BTP/ 4 i%'r) trung binh/  twong dbi
89 Bre@gity (%)
1 May thii cng bang méy 1 kim 1212 11,9 100,0
May bang Juki AMS-221EN/2516
2 1ép hé thong cit-ga-dudng ban tu 1739 83 1435

dong

BTP: ban thanh phdm. Ngudn: Sb liéu do trong didu kién san xuét, n=30.

Trong qua trinh thir nghi¢m, hé théng dién - diéu khién
va céc co ciu chép hanh khi nén hoat dong on dinh, khong
phat sinh sy ¢b. Cac chuyén dong gip mép, ép giit va dinh
vi san pham dién ra dong b vai chu trinh may ciia méy, bao
dam tinh 13p va d¢ chinh xac cao. Déng thoi, chét luong
duong may va d6 dong déu ciia mép dap tai sau cai tién
duogc cai thién 1o rét, it phu thudc vao tay nghé nguodi van
hanh. Qué trinh sip xép ban thanh phdm sau khi may duoc
thuc hién ty dong va tiét kiém thoi gian thao tac cho cong
nhan (hinh 8).

13 1

12 1

11 4

10 4

3 %

Py

E

Ban tu ding
(cir-ga-dudng)

Thai gian chu trinh (gidy/chi tiét)

Thi céng
{méy 1 kim)

Hinh 8. Phan b6 th&i gian chu trinh (giay/chi tiét) cta hai phwong
an (n=30 méi phwong an).



Thur nghiém dugc thue hién trén mdt ma hang, mat loai
vat liéu va mdt cong nhan van hanh; do do, Kkét qua phan anh
hiéu qua trong diéu kién kiém soét va c6 thé thay doi khi vat
lidu, kich thudc tai hodc nguoi van hanh thay ddi. Day la
co s¢ dé mo rong thir nghiém & cac diéu kién san xuat khac
nhau trong cac nghién ctru tiép theo. Nhin chung, két qua
phan 4nh hiéu qua trong diéu kién kiém soat; khi thay doi
vat liéu hodc nguoi van hanh, can nghién clru bd sung dé
xac nhén tinh téng quat va pham vi ap dung rong hon

Khi thay ddi loai vai (do day, do tron, do bai gian) hoac
kich thudc dap tai, cac thong sé cong nghé can dugc hiéu
chinh (ap suét kep, thoi gian tré, hanh trinh va vi tri dudng)
dé tranh trugt vat liéu va bao dam mép gap/dudng mi 6n
dinh; do do két qua hién tai nén dugc hiéu 13 hiéu qua trong
mién thong s6 da kiém soat.

Két qua thyc nghiém cho théy viéc tu dong hoa thao tac
gap mép va co ciu ép giit-dinh vi trong sudt chu trinh may
1a yéu t6 then chét gop phan rat ngén thoi gian chu trinh va
on dinh chat lugng. Két luan nay phil hop véi cac nghién
clru vé ty dong hoa may duya trén dd ga/tem (template) trén
méay may cong nghiép, trong d6 viéc 6n dinh chi tiét trudc
va trong khi may lam giam phu thudc vao ky nang thao tac
cua nguoi van hanh [6, 7].

So véi cac may chuyén dung may tui ty dong trén thi
truong, giai phap dé& xuat c6 mic tu dong hoa thap hon
(khong thay thé hoan toan chu trinh may tai), nhung uu
diém 1a co thé trién khai dang cai tao (retrofit) trén may may
1ap trinh sdn co, pht hop khi doanh nghiép can ning ning
suét, linh hoat khi thay d6i ma hang nhung han ché dau tu
thiét bi chuyén dung [8, 9]. Tinh linh hoat ctia may may lap
trinh van dugc giit lai, trong khi cic thao tic gy tén thoi
gian (gap mép, gitr mép, lay-xép sau may) dugc hd tro tu
dong.

Vé mit diéu khién, viéc t6 chirc PLC theo md hinh chu
trinh-trang thai va thiét ké lién dong dua trén tin hi¢u cam
bién gop phan hé théng dat tinh lap va do tin cay trong van
hanh lién tuc. Tuy nhién, do dic tinh vét liéu mém va bién
thién theo loai vai, hiéu qua ctia hé théng phu thudc vao hi¢u
chinh 4p suit kep, hanh trinh va thoi gian didu khién; day
cling 1a vén dé duoc nhdn manh trong cac nghién ctru vé
may ty dong theo tinh chét vai [6].
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Hiéu qua kinh té: P& danh gi kha nang trién khai trong
san xudt, nghién ctru wdc tinh hidu qua kinh té dya trén chi
phi nhén cong truc tiép quy doi theo thoi gian (don gia theo
gidy). Trong tinh to4n, gia thiét san luong ké hoach 2400 chi
tiét/ngay, 26 ngay cong/thang (twong duong 62.400 chi tiét/
thang) va don gia cong doan k=8,2 dong/gidy. Cac két qua
kinh té dugc tinh trén cac gia dinh vé san lugng ké hoach,
don gid theo gidy va thoi gian chu trinh trung binh; chua bao
gdm chi phi bao tri, khau hao, dimg may, dio tao va bién
dong don hang, vi vay nén xem nhu udc luong tham khao
cho diéu kién twong tur.

Chi phi nhin cong truc tiép hang thang cho cong doan
dugc wdc tinh theo biéu thirc: C thang = t x Q thang x
k, trong d6 t 1a thoi gian may trung binh cho mot chi tiét
(gidy/chi tiét), Q thang la san luong ké hoach theo thang
va k 1a don gia theo gidy. Két qua tinh toan duoc tong hop
trong bang 5.

Bang 5. UWéc tinh hiéu qua kinh té cha giai phap dwa trén chi phi
theo gidy va san lwong ké hoach (62.400 chi tiét/thang).

Thoi gian Sanlwgng  Dongia  Chi phi nhén cong
Phuwong én trung binh/I  ké hoach (dbng/ trye tiép (dong/
BTP (gidy)  (BTP/thing) gidy) théng)
May thi cong bing méy o 62400 8,2 6.088.992
1 kim
Juki AMS-221EN/2516
lap h¢ thong cir-ga-dudng 8,3 62400 8,2 4.246.944

ban tw dong

BTP: ban thanh phdm. Nguén: Sé liéu do trong diéu kién san xuét, n=30.

Theo bang 5, khi 4ap dung by cili-ga-dudng ban tu
dong, chi phi nhan cong truc tiép cho cong doan giam tir
6.088.992 xudng 4.246.944 dong/thang, twong Ung tiét
kiém 1.842.048 dong/thang. Mirc tiét kiém nay twong
duong khoang 224.640 gidy (~62,4 gio) lao dong/thang cho
cung san luong ké hoach.

Vi chi phi ché tao va lip dat hé thong uwéc tinh
khoang 55.000.000 dong, thoi gian hoan vén udc tinh
T-HV=55.000.000/1.842.048~29.8 thang. Néu sir dung gia
tri thoi gian chu trinh trung binh do dugc trong thir nghiém
(8,3 gidy/chi tiét), thoi gian hoan vén xap xi 2-2,5 nim. Do
d6, c6 thé xem thoi gian hoan vén nim trong khoang 2-2,5
nam. Céc tinh toan trén chua tinh dén loi ich tir viée giam
san pham 16i, giam thoi gian stra lai va kha ning tin dung
thoi gian tiét kiém dé tang san lugng. Bén canh do, co thé
thdy rang d4p tai 1a chi tiét rat dién hinh trong cac san pham
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may mic nén néu nghién ctru nay dwuoc nhan rong ra nhidu
nha may may thi hiéu qua thu dugc sé ting lén dang ké
thong qua ning suit may dap tai tang 1én.

Gi61 han ctia nghién ctru 1a thir nghiém dinh luwong duoc
thuc hién trén mot sé ma hang dién hinh; do d6 can mo
rong danh gia trén nhiéu nhom vt liéu (do day, do tron, do
bai gidn) va nhiéu kich thudc tii dé xac 1ap mién thong sb
cong nghé. Trong cac nghién ctru tiép theo, nhom tac gia
dé xuét bod sung mo-dun giam st qué trinh, chit luong (do
léch duong mi, kiém soat mép gap) va md rong phan tich
hiéu qué kinh té theo hudng tinh dén chi phi van hanh, bao
dudng, ciing nhu cac kich ban quy mé san xuit khac nhau
dé hd trg quyét dinh trién khai & doanh nghiép.

6. Két luan

Nghién ciru da d& xuét va trién khai giai phap do6i mai
quy trinh may dép tai trén may may lap trinh Juki AMS-
221EN/2516 thong qua thiét ké, ché tao va tich hop hé
thong cir-ga-dudng ban tu dong. Hé thong sir dung co ciu
gfip mép va ép gilt bﬁ“ing khi nén, diéu khién béng PLC theo
mo hinh chu trinh-trang thai dé df‘)ng bd véi chu trinh may;
ddng thoi hd tro 1y va sip xép ban thanh phim sau may.

Két qua thir nghiém trong diéu kién san xuat trong 30
ngay, mdi ngdy mot ca dai 4 gio (4 gio van hanh lién tuc
cho mdi phuong 4n) cho thay thoi gian chu trinh trung binh/
chi tiét giam tir 11,9+0,7 xubng 8,3+0,5 gidy/chi tiét (giam
30,3%), va san luong tang tir 1212 1én 1739 BTP/4 gio (tang
43,5%). Chat lugng duong mi 6n dinh hon va it phu thudc
tay nghé nho loai bd thao tac gilt mép trong qua trinh may.

Trong cac nghién ctru tiép theo, c6 thé dinh luong chét
luong bang cac chi tiéu nhu d6 1éch duong mi so voi mép
(mm), do thing duong may (sai sb hinh hoc), d6 dong déu
mép gip (d6 léch chiéu rong gip), ty 1¢ 16i ngoai quan va

phan tich I3p lai theo nhiéu loai vai/ngudi van hanh.

Giai phap dé xuét c6 thé trién khai theo hudng cai tao
trén may san c6, khong lam thay d6i két cdu nguyén ban cia
may, phit hop vé6i diéu kién dau tu caa nhiéu doanh nghiép
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may trong nudce. Khi dp dung cho vat liéu hodc kich thudce
tai khac, can hiéu chinh cac thong s6 khi nén va tham sb
diéu khién PLC dé bao dam d6 on dinh.

Trong cac nghién ciru tiép theo can mo rong pham vi thir
nghiém theo nhém vat li€u va kich thudce tui, déng thoi thuc
hién phan tich hi¢u qua kinh té dé danh gia kha niang nhan

rong & quy mo doanh nghiép.
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Tom tit:

LED 4dnh sing dé xa hién dang dugc quan tim nghién ciru nho nhirng tac dong tich cuc dén sy phit trién caa cay
trong. Khi cay dwogc chiéu sang bang anh sing dé xa, PFR sé hip thu dnh siang nay va chuyén héa thanh PR, tir dé
kich thich sy sinh truwéng ciia ciy. Trong nghién ciru nay, vat liéu MgGa,0,:Cr** phat xa 4nh siang dé xa da dwoc
tong hop bang phwong phap khuéch tan nhiét. Giin do nhieéu xa tia X cho thay, ¢ nhiét d¢ nung 1400°C, vat li¢u
thu dwgrc 1a don pha va c6 chit lwgng tinh thé tét. Anh hién vi dién tir quét phat xa trwong cho thiy, vat liéu ¢6 kich
thuwée hat 16n (1-3 pm). Phé kich thich phat quang cho thiy, vt li¢u hdp thu manh trong ving 4nh sang nhin thay,
v6i hai dinh hip thu cuc dai xung quanh buéc séng 415 va 574 nm. Duéi kich thich tai buéc séng 415 nm, vat liéu
phat xa anh sang dé manh VO’l dinh phat xa tai 707 nm, twong wng véi qua trinh chuyén mirc 214’3—>“A2. Thir nghiém
LED sir dung vt liéu nay két hgp véi chip LED 430 nm da dwgc thuc hién thanh cong. Cac két qua thu dwec cho
thay, vat liéu MgGa,O, pha tap Cr*" la @ng vién tiém niing cho viéc ché tao dén LED phat xa 4anh siang d6 xa, huwéng
toi wwng dung trong chiéu sang nong nghiép.

Tir khéa: LED anh sing d6 xa, MgGa,O,:Cr*, phin irng pha rin cai tién.
Chi s6 phan logi: 2.4,2.5, 4.1

Synthesis and research on optical properties of Cr**-doped MgGa,0, phosphors
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Abstract:

Far-red light-emitting diodes (LEDs) have attracted increasing attention due to their positive effects on plant growth.
When plants are exposed to far-red light, phytochrome far-red (PFR) absorbs the radiation and is converted into
phytochrome red (PR), thereby stimulating plant growth. In this study, a far-red-emitting MgGa,O,:Cr** phosphor
was synthesised using a thermal diffusion method. X-ray diffraction (XRD) analysis confirmed that at a calcination
temperature of 1400°C, the material forms a single phase with good crystalline quality. Field-emission scanning
electron microscopy (FESEM) images showed that the material possesses relatively large grains, ranging from 1 to 3
pm in size. Photoluminescence excitation (PLE) spectra revealed strong visible-light absorption, with two prominent
peaks at approximately 415 and 574 nm. When excited at 415 nm, the material exhibited intense red emission,
peaking at 707 nm, corresponding to the 2E—*A, transition. Furthermore, an LED experiment using this material in
combination with a 430 nm LED chip was successfully conducted. These findings indicate that Cr**-doped MgGa,O,
is a promising candidate for far-red light-emitting LEDs in agricultural lighting applications.

Keywords: far red LED light, improved solid-state reaction, MgGa,O,:Cr’*.
Classification numbers: 2.4, 2.5, 4.1
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1. Dat van de

Anh sang dong vai tro quan trong ddi véi sy phat trién
ctia cdy trong [1, 2]. Cac nghién ctru chi ra rang, diép luc
trong cy trong hp thu anh sang xanh duong, d6 va do xa
[1]. Vi mong mudn cy trong ra hoa, két trdi som ngudi
ta thuong ting thoi gian chiéu sang cho ciy trong bang anh
sang nhan tao [3]. Anh sang nhan tao kich thich ra hoa trai
vu thuong str dung anh sang dé hoac do xa [3-7] . Hién nay,
ngudi ta thuong st dung dén LED vi ¢6 nhiéu vu diém nbi
troi nhu: do sang cao, than thi€én moi truong va dac biét la
tiét kiém dién nang tiéu thu [8, 9].

Céac LED anh sang dé hoac do xa duoc ché tao béng
cach phu bt huynh quang phat xa dé hodc do xa phu trén
cac chip LED. B0t huynh quang st dung cho LED anh sang
do, d6 xa hién nay duva trén cic ion phat quang dat hiém
Eu®, Ce*... [10, 11] hodc ion cua cac nguyén t6 chuyén
tiép Mn*, Cr** [12, 13] hodc cac chim luong tur [14, 15].
Trong d6, ion Cr** ¢6 ciu hinh 3d® d& dang duoc pha tap vao
cac mang nén khac nhau va cho phat xa ving khac nhau, tir
do dam, do xa dén hong ngoai gan.

Mang nén MgGa,0, dugc tao tir cac oxide MgO, Ga, 0,
1a hop chét bén, than thién mdi trudng, chung ¢ ciu trac
spinel véi nhém khong gian Fd3m 13 hé tinh thé 1ap phuong
[5].

Theo tim hiéu ciia chiing t6i, vat liéu MgGa,0, pha tap
Cr** dugc nghién ciru ché tao bang phuong phap phan g
pha rén [5], tuy nhién trong nghién ctru nay, sir dung phan
mg pha rin truyén thong, chua thir nghiém va danh gia
LED phat xa do xa [5].

Trong nghién ctru ndy, chung ti ché tao MgGa,O, pha
tap Cr** bang phuong phap phan tng pha rin cai tién, két
hop véi thiéu két & nhiét d6 cao c6 quy trinh don gian, do
1ap hoa hoc cao. Thir nghiém ché tao LED va do thong sb
dién quang ctua LED.

2. Thuc nghiém va phuong phap nghién ciiu

2.1. Thue nghiém

Vit ligu MgGa, O, pha tap 0,5%Cr* duoc téng hop dua
trén phuong phap phan tng pha ran truyén thong, s dung
hoa chat gobm MgO, Ga,0, va Cr(NO,),.9H,0. Tuy nhién,
trong nghién ctru niy, nhoém da cai tién phan ung pha rin
bang cach tron cac tién chét v6i nudc va khudy dé cac chit
ban dau dugc phin bd déu vao nhau, gitip qua trinh phan
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mg dé dang hon. Quy trinh thyc nghiém dugc mo ta nhu
sau: Cho hdn hop gom 0,1773 g MgO va 0,8239g Ga,0,
trong cbc thuy tinh 100 ml, thém 50 ml nudc cit hai lan,
khudy déu, thém tiép 44 microlit dung dich Cr(NO,), 1M;
nang nhiét d6 100°C tiép tuc khudy dén can. Siy mau trong
ta sy ¢ 200°C trong 5 gid, ¢ diéu kién nhiét do thudng,
nghién déu mau bang cdi mi ndo. Nung mau & 1400°C trong
5 gio ¢ diéu kién thuong, toc d6 nang nhiét 300°C/gio, thu
duoc vat liéu MgGa,0,:Cr*".

2.2. Phwong phdp nghién ciru

Bot huynh quang MgGa,O, pha tap 0,5% Cr** sau khi
ché tao dugc khao sat cu tric tinh thé bang phép do nhidu
xa tia X (XRD) sir dung thiét bi D8 Advance v&i ngudn biic
xa CuKo. Hinh thai bé mit vat liéu duoc nghién curu bﬁmg
hién vi dién tir quét phat xa trudng (FESEM) véi thiét bi
JEOL/ISM-7600F. Céac tinh chét quang cua vat li¢u duoc
khao sat bang phuong phap do phd huynh quang (PL) va
pho kich thich huynh quang (PLE) sir dung ngudn sang Xe-
non, cong suat 450 W, véi d6 mo khe 2 va 1 nm, thoi gian
0,2S. bac tinh quang hoc cua nguyén mau LED duoc khao
sat bang may quang phd ké GS-1290-3 (Gamma Scientific,
M5¥) két hop v6i qua cau tich phan. Cac mau khao sat duogc
do ¢ nhiét do phong.

2.3. Quy trinh ché tao LED

Trudce tién, dung dich polydimethylsiloxane (PDMS)
duoc diéu ché bé’mg cach tron déu chit dan hdi va chat
dong ran theo ty 18 1:1. Tiép theo, mot dung dich trong subt
duogc tao ra bé“mg cach phdi tron vat liéu phat quang do Mg-
Ga,0,:Cr* v6i dung dich PDMS theo ty 1¢ 1:4, sir dung may
tron hanh tinh. Hon hop thu duoc sau d6 duge phu 1én bé
mat cta chip 430 nm bang thiét bi phun dinh lugng. Cubi
cung, thiét bi dugc séy trong 10 ¢ nhiét d§ 150°C trong vong
4 gid dé hoan tit qua trinh ché tao.

3. Két qua va ban luan
3.1. Ciu triic tinh thé ciia vit ligu

Dé xac dinh rang hop chét tong hop di duoc hinh thanh,
can phai x4c dinh cdu tric tinh thé cta chung va so sanh voi
tiéu chuan cua vat liéu da duoc cong bd [5]. CAu trac tinh
thé cua vat liéu dugc xac dinh thong qua phép do gian dd
nhiéu xa tia X. Gian dd nhiéu xa tia X cua vt liéu MgGa,0,
pha tap 0,5% Cr** thiéu két & 1400°C, 5 gio trong khong
khi duoc trinh bay ¢ hinh 1. Két qua tai hinh 1 cho théy,
vat liéu ton tai cac dinh nhiéu xa c6 cuong do manh, dac
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trung cho cdu tric spinel ctia pha tinh thé MgGa, 0O, voi
nhom khong gian Fd3m thugc hé tinh thé 1ap phuong tai
cac goc 20=18,55° 30,51°; 35,96 37,60°; 43,69° 54,23°;
57,81°; 63,52°; 66,79°; 72,08°; 75,18° va 76,21° g vdi cac
mat phang (111), (220), (311), (222), (400), (422), (511),
(440), (531), (620), (533), (622) va phu hop véi thé chuan
(PDF#10-0113-MgGa,0,) [10]. Diéu nay ching t6 vat lidu
MgGa,0, da hinh thanh va chat lugng tinh thé tét & 1400°C.
O nhiét 6 nung mau 1400°C chi quan sat thiy dinh nhidu
xa cua tinh thé MgGa,0,,
nao khac, chung t6 vat liéu ché tao dugc 1a don pha. Két

khong thay xuat hién pha tinh thé

qua gian d6 nhiéu xa tia X ciing cho thay, & nhiét do 1400°C
khong xuét hién pha tinh thé cia Cr,0,,
khing dinh ion Cr** da thay thé ion Ga** trong mang nén

diéu nay gian tiép

tinh thé MgGa,0,. Tir két qua nay ching to, ching toi da
ché tao thanh cong bot huynh quang MgGa,0O, don pha va
ion Cr** da thay thé ion Ga® trong mang nén MgGa,0,.

(€205

(511)

2)

E(u
S (440)

Cuong do (dvty)

>(620)
L (533)
(622)

—
L222)
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T
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Hinh 1. Gian dé nhiéu xa tia X cua vat liéu MgGa,0, pha tap Cr**
0,5% dwoc U nhiét & 1400°C, 5 gi® trong khong khi.

Dé nghién ctru sy thay thé Cr** vao vj tri ctia ion Mg?*

s 3t A , Asoor

hay vi tri ciia Ga’* trong mang nén MgGa,O, chung t6i tinh
gia tri sai Iéch Dr, Dr c6 gia tri nho hon 30% mdi ¢6 kha
ning thay thé, va Dr cang nho kha ning thay thé cang dé
[16].

— Rn(CN)—Rq(CN) (1)

D, Rp(CN)

trong do, R, va R tuong Gmg ban kinh cta ion dugc thay thé
trong mang nén va ion pha tap; CN 1a sb phdi tri. Ban kinh
ctia cac ion Mg>=0,72 A; Ga*=0,62 A; Cr**=0,615 A [5],
dua vao cong thuc (1) tinh dugc Dr ¢ bang 1.

Bang 1. Gia tri ty 1é phan tram sai léch (Dr) khi Cr** thay thé cac
ion trong mang nén.

G a3+ Mg2+

D 0,81% 14,58%
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Tir gia tri bang 1, khi ion Cr** thay thé ion Ga** trong
mang nén co gia tri phﬁn tram sai 1éch nho nhat va nhé hon
rat nhidu 30%, nén ion Cr** yu tién thay thé Ga* trong mang
nén [16].

3.2. Hinh thdi bé mdt va thanh phan héa hoc ciia vit
liéu

Hinh thai bé mat cho biét, vat liéu c6 hinh dang nhu thé
nao va cho biét kich thudc cua vat lidu. Phan tich thanh
phan hoa hoc khiang dinh thanh phin nguyén té trong vat
lidu, giup xac dinh vat liéu ché tao dwoc cé tinh khiét hay
1an tap chat khac.

Hinh 2A 1a hinh thai bé mat cta vat liéu MgGa,0, pha
tap Cr**, duogc 0 nhiét ¢ 1400°C, 5 gi¢ trong khong khi. Két
qua trén hinh 2A cho théy, vat liéu thu dugc dang hat, c6 bién
d6 16 rang, kich thudc trung binh tir 1 dén 3 pm. Két qua
hinh 2B 1a két qua phan tich thanh ph?ln hoa hoc cua vat liéu
MgGa,O, pha tap Cr*, két qua cho thy vat lidu chi chira cac
nguyén td Mg, Ga, O va Cr ma khong xuét hién cac nguyén
t6 khac, diéu nay cho thay vat liéu thu duoc tinh khiét.

(A) (B)

Hinh 2. Hinh thai bé mit (A) va thanh phan héa hoc (B) ctia vat liéu
MgGa,0, pha tap Cr**0,5%.

3.3. Tinh chét quang ciia vit liéu

Pho kich thich huynh quang va phd phat xa huynh quang
ctia vat liéu MgGa,0, pha tap Cr3* thiéu két 6 1400°C trong
5 gio trong khong khi dugc trinh bay & hinh 3. Két qua phd
trong hinh 3A cho thdy, khi bi kich thich & budc song 707
nm, vat liéu thé hién hai dai kich thich trong khoang 350-490
nm va 500-600 nm, véi cac cuc dai lan luot tai bude song
415 nm va 574 nm. Dai kich thich quan sat duoc tai 415 nm
1a do qué trinh chuyén muc nang luong *A,g(*F)—~*T1g(*F)
[5, 17], trong khi dinh hap thu tai 574 nm 14 do qua trinh
chuyén mirc *A,g(*F)—*T,g(*F). Ngoai ra, vét liéu con hap
thu manh tai budc song 270 nm, dinh nay dugc gan cho cac
chuyén tiép spin-cho phép *A, (*F)-~*T; (*P) [5, 17]. Két
qua nhan duoc twong dong véi cong bd trude do [5, 17].
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Hinh 3B ph6 huynh quang cua vat lidu khi kich thich &
budc song 415 nm cho thiy, ving phat xa do - do xa trong
khoang tir 600-850 nm, dat cuc dai tai 707 nm, do budc
chuyén 2E—*A, bi cdm quay va cho phép spin ciia Cr3*, va
dai phat xa tai 716 nm dugc quy cho qua trinh chuyén d6i
murc nang luong *T,—*A, cAm quay va cho phép spin cia
Cr3* [5, 8, 17, 18]. Ngoai ra, kich thich béi budc song 415
nm cho cuong do phat xa manh hon so voi khi kich thich
boi budce song 574 nm. Tir nhimng két qua nay cang khing
dinh ring ion Cr®* da thay thé vao mang nén MgGa,0,. Nhu
vay, ching toi ché tao thanh cong vat lieu MgGa,0,4:Cr3*
bang pha ran cai tién, gitip qua trinh hinh thanh tinh thé d&
dang hon, phan bd hat ciing ddng déu thé hién qua hinh anh
FESEM. Quy trinh nay c6 thé ché tao mau véi sé luong 16n/
mé, d6 1ap cao, ¢6 tiém ning san xuit quy mo 16n va tng
dung trong thuc tién.

(A) )]

270

707

Cwong do (d.v.ty)
Cwong do (d.v.t.y)

300 350 400 450 500 550 600 650 700 750 800 850
Bwéc séng (nm) Bwéc séng (nm)

Hinh 3. (A) Phé kich thich huynh quang, (B) phé huynh quang clia
vat liéu MgGa,0,:0,5% Cr* 0 nhiét & 1400°C, 5 gio trong khdng
khi.

Céu hinh 16p ngoai ctia ion Cr3* 1a 3d® chua dugc dién day,
do d6 ton tai mot sé6 mirc nang lwong thap tao ra cac chuyén
dbi quang hoc. Cac mirc ning lugng ciia Cr3* trong trudng tinh
thé cia mang nén MgGa,0, dugc thé hién trén gian d6 Tanabe

- Sugano trong hinh 4.

Trang thai 4A2g c6 nang luong thip nhat (goi 1a trang thai
co ban). Cac muc leg va 2Eg ¢6 nang lugng gan nhu khong
dbi, trong khi d6 cac mirc nang luong zAlg, 4Tlg va 4T2g phu
thudc manh vao gia tri Dq/B, trong d6 D, la thong so truong
tinh the va B la thong s6 Racah. Ty s6 D /B>2,2 khi Cr**
trong truong tinh thé manh va Dq/B<2,2 trong truong tinh
theé yeu [4, 7].
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Théng s6 Dq duoc xac dinh theo cong thirc (1):

_ EC455-Tg) )

D
q 10

Hiang s6 Racah tinh theo cong thirc (2):

& _ 15(x-8)
B x2—10x

3)
Véi:

_ E(4A2g _’4T1g)_E(4A2g _’4ng)
Dq

“4)

trong do, E(*A, —T, ) va E(*A, —~*T, ) lan luot 1a nang
luong cua chuyén doi kich thich 4A2g—’4T2g va 4Azg_’4T|g-
Dua vao pho kich thich trén (hinh 3) va cac cong thtc (2-4)
thong sb mang tinh thé tinh toan duoc 1an luot 1a Dq=1745,2
cm”, B=654,25 cm™, D /B= 2,66. Ta thay D /B>2,2 ching
to rang, ion Cr’* dugc dinh x{ trong truong tinh thé manh
clia mang nén MgGa,O, nén pho phat xa Cr** dang vach
hep.

A, 'T.(°P)

=

D,/B
Hinh 4. Gian dé Tanabe-Sugano bidu hién cac mc nang lwgng
chia ion Cr* trong trwéng tinh thé clia mang nén MgGa,0,.

3.4. Thir nghiém ché tao LED

Dé nghién ciru kha nang Gmg dung cia bot huynh quang
da ché tao, chung t6i da tién hanh phu mau bot MgGa,0,
pha tap 0,5% Cr®*, duoc thiéu két & 1400°C trong 5 gio, 1én
chip LED 430 nm. Ngudn dién sir dung cho LED la ngudn
mot chidu voi cac thong s twong tmg 12 9 V, 150 mA. Hinh
5 thé hién phd dién quang cta chip két hop véi bot huynh
quang va anh thuc té ciia LED. Két qua thu dugc tir hinh 5
cho thay, khi sir dung chip 430 nm va phu bang vat liéu nay,



da xudt hién viing phat xa do xa va anh LED quan sat duoc
c6 mau do. Két qua nay cho thdy tiém ning cia vat liéu
trong vi¢c ché tao LED phat xa anh sang do xa, hudng toi
g dung trong chiéu sang nong nghiép.

77

MgGaZO4:Cr3+D,5%

Chip

Cuwong do (dvty)

T T T T T
300 400 500 600 700 800
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Hinh 5. Phé dién quang va dén LED ché tao khi phi bot MgGa,0,:
Cr* lén chip LED 430 nm.

4. Két luan

Bing phuong phap phan tng pha ran cai tién, ching
t6i di ché tao thanh cong bot huynh quang MgGa 0,:Cr*.
Bang gian d6 nhicu xa tia X cho thay, vat li¢u da hinh thanh
va don pha ¢ nhiét d§ nung 1400°C, 5 gio¢ trong khong khi,
hinh anh FESEM cho théy & nhiét d6 nung mau nay, kich
thudc hat ~1-3 pm. Bot huynh quang ché tao dwoc cho phat
xa do dam dén do xa, v6i bude song phat xa cuc dai ¢ dinh
707nm va hip thy & hai ving 350-490 nm; 500-600 nm
va dat cuc dai & budc song 415 va 574 nm. Két qua tinh
Dq/B=2,66 chimg to ion Cr** chiu tic dung trudng tinh thé
manh trong mang nén MgGa,O,. Thu nghi¢m ché tao duoc
LED phat xa d6 dam - do xa trén co s¢ bot MgGa,0,:Cr**
va chip LED 430 nm.

Nghién cuu duogc tai trg boi Truong Pai hoc Su pham
Ha Noi 2 qua D¢ tai c6 ma s6 SV.2024.HPU2.05. Céc tac
gia xin chéan thanh cam on.
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Phan tich methanol trong xang bang ky thuat chiét long - long
két hop sic ky khi detector ion héa ngon lira (GC-FID)
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Tom tit:

Trong nghién ctru nay, methanol trong xing dwgc phan tich bing ky thuit chiét 16ng - 16ng két hop phwong phap
sic ky khi - detector ion h6a ngon lira (GC-FID). Methanol trong miu dwgc chuyén sang pha nuéc b:"lng ky thujt
chiét 16ng - 16ng trudc khi dwge phin tach trén ¢t Restek Rtx-Wax va dwoc phat hién biang detector FID. Cac diéu
kién sic ky khi bao gdm: chwong trinh nhiét dd cot tich, ty 1¢ chia dong, tbc dd khi mang dwoc khio sat va lya chon
dé phu hop véi muc tiéu phan tich methanol trong xing. Nﬁng do methanol trong xang tuyén tinh t6t trong khoing
3,96-7920 mg/l véi R*>0,99. Gi6i han phat hién (MDL) va giéi han dinh lwong (MQL) ciia phwong phap lan lwot 1a
1,49 va 4,96 mg/l. Pj Lip ciia phwong phap dat 4,60-6,99%, hi¢u suit thu hoi methanol trong xing dat 92,4-98,6%.
Cic két qua nay cho thiy, phwong phip phén tich da phat trién dap tng dwogc cic yéu ciu vé dd chinh xdc va c6 thé
ap dung dé xac dinh ham lwong methanol trong cic miu xing.

Tir khéa: chiét 16ng - 16ng, héa phan tich, methanol, sic ky khi - detector ion héa ngon lira, xing.
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Determination of methanol in gasoline using liquid-liquid extraction
and gas chromatography-flame ionisation detector (GC-FID)
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Abstract:

The concentration of methanol in gasoline was determined using liquid-liquid extraction and gas chromatography-
flame ionisation detector (GC-FID). Methanol was transferred into the aqueous phase by liquid-liquid extraction
before being separated on a Restek Rtx-Wax column and detected using a flame ionisation detector (FID). Gas
chromatographic conditions, including column temperature programme, split ratio, and carrier gas flow rate, were
investigated and selected to meet the requirement for methanol analysis. The methanol concentration in gasoline
showed good linearity over the range of 3.96-7920 mg/l, with R>>0.99. The method detection limit (MDL) and
method quantification limit (MQL) were 1.49 and 4.96 mg/l, respectively. The method precision, expressed as RSD,
ranged from 1,49 to 4,96. The extraction recovery of methanol in gasoline ranged from 92.4 to 98.6%. The results
indicated that the developed method meets accuracy requirements and is suitable for the determination of methanol
in gasoline samples.

Keywords: analytical chemistry, gas chromatography-flame ionisation detector, gasoline, liquid-liquid extraction,
methanol.

Classification numbers: 2.4,2.7, 2.11
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1. it van de

Trong nhimng nim gan ddy, methanol 1a mét trong nhirng
phu gia tiém nang trong nganh san xut xing. Methanol co
thé dugc tron vao xing dé ting chi s octane - chi s6 dic
trung cho tinh chdng kich nd cua xang [1]. Khi ddt chay,
xang tron methanol cho khi thai sach hon so véi xang thong
thuong [2, 3]. Ngoai ra, methanol c6 gia thanh ré va dé
tiép can, do c6 thé duoc san xuat tir cac ngudn ning luong
phi ddu mo nhu khi ty nhién hay sinh khdi [4]. Tuy nhién,
methanol ciing 1a hoa chit doc hai, can c6 su kiém soat
chat ché. Khi xadm nhap co thé, methanol chuyén hoa thanh
formaldehyde va axit formic, gay ton thuong hé than kinh,
thi gidc va noi tang [5]. P6i véi xing, methanol trong xing
¢6 thé két hop v6i hoi 4m tao thanh pha methanol - nu6e in
mon cac by phan nhua, kim loai trong hé thong phan phdi
nhién li€u va dong co, 1am 10 ri nhién li¢u va tang nguy co
chay nd [6]. Piéu nay dic biét nguy hiém ddi voi phuong
tién va nguoi st dung phuong tién khi cac co sé kinh doanh
tu ¥ thém methanol vao xang. Hién nay, cac qudc gia co
quy dinh khac nhau vé ham lugng cho phép ctia methanol
trong xing. Theo quy dinh ctia chau Au va Co quan Bao vé
moi truong My (EPA), néng d6 ti da ciia methanol trong
xang 1a 3 va 2,67% [7]. Tai Viét Nam, theo QCVN 1:2015/
BKHCN giéi han ham lugng methanol trong xang phai &
ngudng khong phat hién [8]. Vi vay, dé kiém soat chat ché
ham lugng methanol trong xang, viéc phat trién phuong
phap phan tich phu hop 1a thyc sy can thiét.

Hién nay, methanol trong xang dugc xéac dinh bﬁng mot
s6 phuong phap nhu quang phd hdng ngoai [9, 10], sic ky
long [11], sac ky khi - detector dan nhiét hodc detector ion
héa ngon Itra st dung nhiéu cot tach ghép nbi nhau [12, 13].
Tuy nhién, cdc phwong phap nay déu c6 nhidu han ché nhu
gi6i han phat hién 16n, dé bi anh huéng boi nén mau, qua
trinh xir Iy mau phtc tap, tén nhiéu thoi gian, chi phi cao.
Phuong phap GC-FID ndi bat nho do nhay cao, kha nang
xu ly nén mau phuec tap, va tinh chinh xéc, 1a Iya chon hi¢u
qua trong phan tich methanol. Do do, trong nghién ctru nay,
chung t6i da xay dung quy trinh phan tich methanol trong
xdng bang ky thuat chiét 1ong - 1ong két hop phuong phap
GC-FID.

2. Dol tuong va phuong phap nghién ciiu
2.1. Thiét bi va héa chit

Céc thiét bi thyc hién nghién ctru bao gdm: Hé thong sic
ky khi GC-1310 trang bi bo tiém mau tw dong AOC 20i, cot
tach Restek Rtx-Wax (cot ¢6 chidu dai 30 m, duong kinh
0,32 mm, bé day pha tinh 1 pm) va detector ion hoa ngon
Iira (Shimadzu, Nhat Ban); may lic WhirliMixer (Fisher,
Anh), may ly tam (Janectzki T32A).
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Céc hoa chét sir dung trong nghién ctru nay bao gom
Methanol (99,9%), Etanol (99,9%) do Hang Merck cung
cép, nudc cat siéu sach va mau xang chuédn M-GRO-
CAL-IS-SET ASTM/EPA Gasoline Refinery Oxygenates
Calibration Kit, Lot 221039035 do AccuStandard cung cap.

2.2. Thuc nghié¢m

Lira chon diéu kién chiét methanol trong xdng sang pha
miedre: Trong khao sat nay, methanol trong xing dwoc chiét
sang pha nudc bang ky thuat chiét 1ong - long véi ty 1¢ thé
tich xang:nudc lan luot 12 5:1, 2:1, 1:1, 1:2 va 1:5. Hon hop
xdng - nude duge lic déu trong 2 phut, ly tam véi téc do
1500 vong/phut trong 10 phit, sau d6 loai bo pha xing, lay
pha nudc dé do GC-FID. Hiéu suét chiét dugc tinh dua trén
mau thém chuén theo cong thic sau:

Cinc — G

H= ™ % 100%

trong d6, H 1 hiéu suat chiét methanol (%); C..la ndng do
mau thém chuén (mg/1); C la ndng d6 mau ban dau (mg/1);
C la ndng do thém chuan (mg/l).

Liea chon cdc diéu kién GC-FID dé phan tich methanol
trong xang: Céac diéu kién sic ky khi phan tich methanol
trong xang dugc Iya chon khao sat bao gdom: 4 ty 18 chia dong
(khong chia dong, 1:5, 1:10 va 1:20), 3 chuong trinh nhiét d
(bang 1) va téc do dong khi mang (1, 2 va 3 ml/phut).

Bang 1. Cac chwong trinh nhiét d6 phan tich methanol trong xang.

Chuwong trinh nhi¢t d9 ~ Thong sb

- Nhiét d6 déu: 40°C, giir trong 7 phat
- Nhiét d6 cudi: 200°C, gitr trong 60 phut
- Téc do tang nhiét do: 30°C /phut

Chuong trinh nhiét d6 1

- Nhiét do déu: 40°C giit trong 10 phut

Chuong trinh nhiét do 2 - Nhiét d6 cudi 200°C, gitr trong 20 phut
- Téc do tang nhiét d9: 15°C /phut
- Nhiét do dau: 40°C, giir trong 8 phit
Chuong trinh nhiét d6 3 - Nhiét d6 cubi: 200°C, gitr trong 20 phut

- Tée do tang nhiét do: 10°C /phut

Panh gid gid tri sir dung ciia phiong phdp: Cac mau
xang c6 nong do6 methanol trong khoang 3,96 dén 7920
mg/l dugce sir dung dé xac dinh khoang tuyén tinh va duong
chuan. MQL va MDL cua phuong phap dugc xac dinh trén
co so 1am 13p 10 1dn mau xing c¢6 ham lwong methanol thép.
Do lap lai va do thu hdi duoc tinh toan dua trén két qua phan
tich 1ap 7 1an mau thém chuin & cac ndng do thap, trung
binh va cao. Céac két qua duoc so sanh voi quy dinh cua
Hiép hoi cac nha hoéa hoc phan tich (AOAC) dé danh gia gia
tri st dung cua phuong phap.
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Phdn tich methanol trong mét s6 mau xang: Quy trinh
phan tich di phat trién duoc ap dung dé phan tich methanol
trong mot sb mau xang trén dia ban Ha Noi. Quy trinh iy
mau duoc thuc hién dua theo TCVN 2715:1995. Mau duoc
lay tryc tiép tir voi bom tai cc tram xang vao chai chira mau
chuyén dung, bao quan lanh & 0-5°C cho dén khi phan tich.
Methanol trong mau dugc chiét 1ong - 1ong va phén tich trén
thiét bi GC-FID theo quy trinh da khao sat va lya chon. Cac
phép do lap, do mau thém chuin duge thuc hién trén mot sd
mau dé kiém soat va dam bao chat luwgng phan tich. DPé quy
dbi tir ndng do mg/l sang % khdi luong, ty trong cuia mau
xang dugc do bang phuong phap ty trong ké theo TCVN
6594:2000.

3. Két qua va ban luan

3.1. Lwa chon diéu kién chiét methanol trong xing
sang pha nudc

Do xang co nén mau phtrc tap gém nhiéu loai hop chat
httu co khac nhau nén vi¢e xdy dung phuong phap dinh
luong methanol trong xang doi hoi phai st dung phuong
phéap c¢6 d6 nhay va dé chon loc cao, d@)ng thoti loai bo dugc
anh huong cia nén mau. Dua trén su khac biét vé tinh tan
trong nudc cua methanol v6i da phan cac hop chit hitu co
khéc trong xang, trong nghién cttu nay, ching t6i lya chon
dung méi nude dé phan tach methanol ra khoi xing theo ky
thuat chiét 1ong - 1ong. Methanol trong xing dugc chiét sang
pha nudc voi cac ty 1€ thé tich xang:nuoc la 1:5, 1:2, 1:1,
2:1 va 5:1. Hiéu suat chiét methanol thé hién trong bang 2.

Bang 2. Hiéu suét chiét methanol trong xidng v&i ty 1é dung moéi
chiét khac nhau.

Ty 1é thé tich xang:nwéc Hiéu sudt chiét methanol (%)

1:5 71,2
1:2 80,0
1:1 97,1
2:1 84,1
5:1 87,2

Hinh 1A 1a sic ky dd ciia mau xang co qua xt 1y qua
qua trinh chiét nude. Hinh 1B 13 mau xing khong qua qua
trinh xir 1y chiét nuée. Sic ky d6 cia miu xing dugc phan
tich tryc tiép bang GC-FID khong qua qua trinh chiét nude
xuét hién nhiéu pic chong 1an nhau do thanh phan phirc tap
ctia miu xang. Trong khi do, sic ky dd ctia mau xang cb xur
1y bang phuong phap chiét long - 16ng xuat hién it pic hon,
cac pic phan tach rd rang. Két qua nay cho thdy, qué trinh
chiét nudc c6 hiéu qua cao trong viéc loai bé nén mau phirc
tap cta xang.
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Hinh 1. Sé’c ky d6 cta (A) mau xang chiét nwéc va (B) mau xing
khéng chiéet nwéc.

Dé Iya chon diéu kién chiét 1ong - 16ng cho quy trinh
phéan tich methanol trong xang, 5 ty 1¢ thé tich xang:nudc
(5:1, 2:1, 1:1, 1:2 va 1:5) da duoc tién hanh khéo sat va so
sanh hiéu suét chiét methanol. Két qua thi nghiém cho théy,
tai tat ca cac ty 1€ thé tich khao sat, hiéu suat chiét methanol
déu dat trén 70%, trong do hi¢u suét chiét methanol cao nhét
12 97,1% véi ty 1€ xang:nudc 1a 1:1 (bang 2). Vi vay, nghién
ctru Iya chon chiét methanol trong xing theo phuwong phap
chiét long - 16ng nhu sau: lay chinh xac 2 ml xing, thém 2
ml nudc, lic déu trong 2 phut, ly tim dung dich thu duoc
v6i the d6 1500 vong/phut trong 10 phut, sau d6 loai bo pha
xdng, 14y pha nuéc dé do GC-FID.

3.2. Lwa chon cdc diéu kién phin tich methanol trong
xdng bang phwong phdip GC-FID

Do ethanol 13 mot thanh phan trong xang va co cac tinh
chat trong ty nhu methanol, nén khi str dung nudc lam dung
moi chiét mau xang, ethanol s& di cung methanol sang pha
nude. Diéu nay dat ra yéu cAu vé lua chon céc diéu kién séc
ky dé cac pic methanol va ethanol duoc phan tach rd rang.
Vi vay, céc diéu kién sic ky khao sat gom: ty 1¢ chia dong
chuong trinh nhiét d6 va toc d6 dong khi mang. Cac didu
kién sic ky chung bao gébm: nhiét d6 cong bom mau 200°C,
nhiét do detector 220°C, thé tich bom mau 1 ul, tde do dong
khi d6t chay H, 30 m/phut, tbc do dong khi phu tro N, 30
ml/phut. Cac mau sir dung cho cac khao sat 1a mau chuin
nong d6 methanol 396 mg/1.

Khdo sat ty 1é chia dong: Hinh 2 13 sic ky dd cua miu
xang khi phan tich methanol biang GC-FID véi cac diéu kién
khong chia dong, chia dong 1:5, 1:10 va 1:20. Két qua cho
th?iy, tai ché do khong chia dong, pic methanol va ethanol
khong tach rd, d& gay nham Ian. Véi cac ty 1é chia dong 1:5,
1:10 va 1:20, cac pic duoc tach rd rang. Két qua tinh toan
d6 phan giai cua pic (bang 3) cho thdy, khi ty 18 chia dong
tang, do phan giai cai thién nhung dién tich pic gidm. Do
do, ty 1¢ 1:10 dugc chon dé dam bao ca do phan giai va di¢n
tich pic tdi uu.
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Hinh 2. Sac ky dé ctia mau xang khéng chia dong (A), chia dong
ty 1& 1:5 (B), chia dong ty 18 1:10 (C), chia dong ty 18 1:20 (D).

Bang 3. D6 phan giai pic methanol va ethanol theo cac ty Ié chia

dong khac nhau.

Ty 1¢ chia dong Dién tich pic (uVxphut) D6 phian gidi
Khoéng chia dong 26237368 2,00
1:5 10086845 2,20
1:10 701965 2,83
1:20 341529 3,35

Khdo sat chwong trinh nhiét do cot tach: bé danh gia
kha nang tach pic, 3 chuong trinh nhiét do cft tach da
duogc Iwa chon dé khao sat (bang 1). Két qua trén sic ky do
(hinh 3) cho thdy, ca 3 chuong trinh déu phan tach o pic
methanol va ethanol. Tuy nhién, m01 chuong trinh c6 thoi
gian khac nhau dé duong nén tré vé vi tri ban dau, loai bo
hoan toan pic nude khoi cot. Hinh 3 cho théy, chi c6 chuong
trinh nhiét do cot 2 c6 thé loai b hoan toan pic nudc khoi
cot tach sau 45 phut, cho két qua phan tich mau methanol va
hiéu qua loai bo nudc khdi cot tdt nhat. Do do, chuong trinh
nhiét do cot 2 duge chon dé phan tich mau xang: gitr nhiét
do6 cot tai 40°C trong 10 phut, sau do tang nhiét do 1én 200°C
v6i toe do 15°C/phut, giir nhiét d6 200°C trong 20 phit.

_JL/:(J];M o

-J| —— Chuwong trinh 2

[ —— Chuwong trinh 1
o

Cuong 46

Thoi gian (phut)

Hinh 3. Sac ky dd GC-FID ctia methanol va ethanol trong xing
sau khi dwoc chiét sang pha nwérc, véi cac chwong trinh nhiét do

Khao sat toc dp khi mang: Hinh 4 1a sic ky dd coa
methanol va ethanol véi toe d6 khi mang lan luotlal, 2 va
3 ml/phat. Hinh anh sic ky db cho thay, khi tbc d6 khi mang
tang, thoi gian luu giam va dién tich pic tang. Két qua tinh
toan do phan giai cta pic (bang 4) cho thay, 6 phan giai
cao nhét dat duoc & tde do 2 ml/phtt (3,92). Vi vay, tdc do
khi mang 2 ml/phiit dwoc chon dé phén tich methanol trong
xang.

Bang 4. Két qua dién tich pic va do phan giai cia 3 téc do khi mang.

Téc dd khi mang (ml/phat)  Dién tich pic (uVxphit) D9 phan gidi
1 252803 3,10
2 261681 3,92
3 274621 3,64
] —— 1 ml/phat
—— 2 ml/phat
7 —— 3 mlfphat
©
o 4
c
D
= .
8]

1

0 10 20 30 40 50
Thoi gian (phut)

Hinh 4. Sic ky dé GC-FID methanol va ethanol trong xing sau khi
dworc chiét sang pha nwéc véi cac tée do khi mang khac nhau.

3.3. Danh gida phwong phap phan tich

Khodang tuyén tinh va dwong chuan: Cac miu xang cé
nong d6 methanol trong khoang 3,96 dén 7920 mg/l dugc
sir dung dé xac dinh khoang tuyén tinh va dudng chuin.
Methanol trong xing dugc chiét nudc theo quy trinh da

—7.92 mg/l

57 58 59 6.0 61 6.2 63
Thoi gian lwu (phat)
Hinh 5. Sic ky dé cua dwong chuan phan tich methanol trong

khac nhau.
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lua chon, phan tich theo cac diéu kién GC-FID cung voi
cac didu kién di khao sat t6i wu vé ty 1& chia dong (1:10),
chwong trinh nhiét d6 cot (2) va téc do khi mang (2 ml/
phit). Hinh 5 minh hoa sic ky d6 cua diy chuin methanol
trong xang, voi nong do tir 7,92 dén 792 mg/l. Sic ky do
cho thay, pic methanol xudt hién tai thoi gian luu 5,9 phat
va dién tich pic ty 1¢ thuadn véi néng d6 methanol.

Két qua khao sat khoang tuyén tinh va duong chuan
ctia methanol trong xing cho thay, methanol trong xang c6
khoang tuyén tinh rong tir 3,96 dén 7920 mg/1, v6i hé s6 hoi
quy t6t R2=0,9983, phii hop cho dinh lwong methanol trong
xang. Pudng chuin duoc xay dung trong khoang 7,92-792
mg/l ¢6 R=0,9997 (hinh 6). Vi viy, duong chuin nay dugc
str dung dé xac dinh MQL, MDL, d6 lap va do thu hoi cua
phuong phap.
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o 400000 R?=0.9997 .~
& o
5 300000
o .
= .
= 200000 .
S
A 100000 e
o
0 @
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Hin!1 6. bwong chgén cua methanol trong xang str dung ky thuat
chiéet long - 16ng ket hop GC-FID.

Gioi han phat hién (MDL) va gioi han dinh lwong
(MQL) cua phuong phdap: MDL va MQL cia phuong phép
duoc xac dinh bang cach lam lap 10 1an mau xing c6 ndng
d6 methanol thap (~10 mg/l). Két qua bang 5 cho thay, ty
1¢ gitra gia tri trung binh va gidi han phat hién (hé s6 R) 1a
8,58; nam trong khoang 4<R<10. Vi vay, MDL=1,49 mg/I,
MQL=4,96 mg/1 1a dang tin cdy. Theo TCVN:7332 gi6i han
phat hién methanol trong xing 1a 0,2% khdi lugng, tuong
duong 1400 mg/l [14]. Nhu vay, phuong phép phan tich
methanol trong xang bang GC-FID c6 giéi han phat hién va
gidi han dinh luong tét, dap ing duoc yéu cau phan tich khi
ham luong methanol trong xing ¢ ndng do thap.

Bang 5. Két qua MDL va MQL ctia phwong phap phan tich methanol
trong xang.

TT Nong do (mg/l) TT Nong do (mg/l)
1 13,6 6 12,6
2 12,6 7 12,7
3 12,7 8 12,3
4 13,6 9 12,9
5 12,4 10 12,2

Nong dé trung binh (mg/l): 12,8; SD: 0,50; MDL (mg/l): 1,49; MQL
(mg/l): 4,96; hé sé R: 8,58.
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D¢ lap va dp thu hoi ciia phuwong phép: Bang 6 1a két
quéa do 13p va do thu hdi cia phuong phéap dugc thyc hién
bang cach phan tich 1ap 7 lan miu xing thém chuan & nong
d6 thap (7,92 mg/l), trung binh (79,2 mg/l) va ndng do cao
(554 mg/l). Két qua cho thdy, tai tat ca cac khoang nong do,
d6 1ap cua phuong phap déu nim trong pham vi chap nhan
cia AOAC. Phuong phép ciing ¢6 do thu hoi t6t voi hidu
suét thu hdi trung binh déu trén 90%, trong d6 cac mau &
khoang ndng d6 trung binh va cao ¢ hiéu suat thu hdi gan
100%.

Bang 6. Két qua do lap va doé thu hdi cia phwong phap.

x Nongdd o pep aoac  Mibusultthu o o

MAiu trung binh mg) (%) (%) hoi trung binh %)
(mgh) gh () (% (%) ’

Mau thém chuan 20,1 140 699  730-11,0 92,4 80-110
7,92 mg/l
Mau thém chuan 89,0 410 460 530730 963 90-107
79,2 mg/l
Mau thém chuan 550 23 471 370530 986 95-105
554 mg/l

3.4. Két qua phin tich methanol trong mét s6 méu
xdng trén thi trwong tai Ha Nji

Cac mau xang trén thi truong tai Ha Noi duge phan tich
theo quy trinh d t6i wu, cac mau c6 ndong d6 methanol cao
dugc pha lodng dé nong do nam trong dudng chuan. Bén
canh do, cac phép do lap, thém chuén cling duoc thuc hién
dé dam bao d6 chinh xac cua két qua phan tich. Két qua
phan tich methanol trong miu xing duoc trinh bay cu thé
trong bang 7.

Bang 7. Két qua phan tich mau xang.

Ky hiéu méu Nﬁng d9 methanol (mg/l) Nf)ng d9 methanol (% Kkhéi lwgng)
1 3009 0,43
2 19641 2,81
3 237,6 0,03
4 17028 2,43
5 950,4 0,14
6 5306 0,76
7 4118 0,59
8 3880 0,55
9 17344 2,48
10 2455 0,35

Két qua phan tich mot s6 mau xing trén dia ban Ha Noi
theo quy trinh phan tich da lua chon cho théy, tit ca cac miu
xang déu chira methanol voi néng do tr 0,03 dén 2,81%
khéi luong. Theo tiéu chuan My, ham luong methanol ti da
trong xing 1a 3,02% khdi luong. Tai Viét Nam, theo phuong
phap phan tich cia TCVN:7332 véi gioi han khong phat
hién 14 0,2% khdi lugng [14]. Theo QCVN 1:2015/BKHCN,



chi ¢6 2/10 miu xdng phan tich c6 ham luong nim trong
giéi han ciia quy chudn, con lai 8/10 mau c6 ham lugng
methanol vuot qua tiéu chuan quy dinh. Diéu nay cho thiy,
can thiét phai kiém soat ham luong methanol trong xing dé
giam rui ro do viéc pha tron methanol vao xang mang lai.

4. Két luan

Trong nghién ctru nay, phuong phap GC-FID da duoc
khao sat va t6i vu dé phan tich ham lugng methanol trong
mau xing. Phuong phap phan tich xay dung duong chuan
trong khoang nong d6 7,92-792 mg/l, c6 hé s hdi quy
R?=0,9997. Gia tri MDL va MQL ctia methanol trong xang
lan luot 1a 1,49 va 4,96 mg/l. P lap va d6 thu hoi cua
phuong phép dat yéu cau AOAC & cac nong do thap, trung
binh va cao. Phuong phap nay c6 dg tin cdy va chinh xac
cao, phu hop dé phéan tich methanol trong nén miu xing
phtc tap. Ap dung phuong phap dé phén tich 10 mau xang
thu thap trén thi truong. Két qua phan tich methanol trong
mau xing cho thdy, cac miu xing thu thap c6 ndng do
methanol tir 0,03 dén 2,81% khdi lugng, trong d6 8/10 mau
¢6 ham lugng methanol trén 0,2% khéi lugng.
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Anh huéng cita phwong phap say dén thanh phan hoa hoe
va dac tinh hoa ly cua tao xoan Spirulina platensis
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Tom tit:

Phwong phap siy anh hwéng dén trang thai, cAu tric va thanh phin héa hoc, dic biét 1a cac chit diic trung mau
sic c6 hoat tinh chdng oxy héa ciia tio xoan. Nghién ciru nay c6 y nghia dinh huéng sir dung phwong phap lam khé
giip gia ting chudi gia tri tdo xoan. Két qua chi ra r:"lng, thanh phin héa hoc va mt sé dic tinh hoa ly khac cua
tao Spirulina platensis bi anh huéng it nhat boi phwong phap siy thing hoa & 30°C, tiép dén 1a siy lanh bom nhiét
& 50°C va nhiéu nhit la siy bang khong khi néng & 50°C. Trong pham vi nghién ctru, tdo xoin sy bing khong khi
néng co tri sé peroxit cao va téc do ling dong trong nwéc nhanh nhit. Trong sb cic phwong phap dwoc sir dung trong
nghién ciru nay, siy thing hoa tio xoin la phwong phap phut hop nhit dé giir lai cac chit chuyén héa thir cip nhw
sic to phycocyanin. Tuy nhién, phwong phap siy lanh bom nhiét hoan toan cé thé sir dung dé thay thé cho phwong
phap siy thing hoa nhim muc dich giam chi phi sin xuit, nhung van giir dwoc gia tri ing dung cia tio Spirulina
platensis néu nhu hoat tinh chong oxy héa khong phai 1a mdi quan tim chinh nhw mau sic hay gia tri dinh duéng.

Tir khéa: phycocyanin, siy lanh, siy thing hoa, Spirulina platensis, thanh phin héa hoc.
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Abstract:

The drying method affects the physical state, structure and chemical composition of Spirulina platensis, particularly
its colour-related compounds exhibiting antioxidant activity. This study provides guidance on using drying methods
to enhance the value chain of Spirulina. The results of the study demonstrated that the chemical composition and
other physicochemical properties of Spirulina platensis were the least affected by freeze-drying at 30°C, followed by
heat pump drying at 50°C, whereas hot-air drying at 50°C had the greatest impact. Within the scope of the study,
hot-air-dried Spirulina platensis exhibited the highest peroxide value and the fastest sedimentation rate in water.
Among the used methods in this study, freeze-drying is the most suitable method to retain secondary metabolites
such as phycocyanin in Spirulina platensis. However, heat pump drying can be effectively used as an alternative to
freeze-drying to reduce production costs while maintaining the application value of Spirulina platensis, provided that
antioxidant activity is not the primary concern compared with colour or nutritional value.

Keywords: chemical composition, freeze-drying, heat pump drying, phycocyanin, Spirulina platensis.
Classification numbers: 2.8, 2.10
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1. it van de

Tao bién n6i chung va tio xodn noi riéng c6 vai tro quan
trong trong nhiéu nganh kinh té, dac biét 1a trong linh vuc
thuc pham va y dugc [1-4]. Tao xodn c6 tén khoa hoc 1a
Spirulina platensis, dang soi xoan mau xanh luc c6 gia tri
dinh dudng va déc tinh duogc phém dugc cong nhan. Loai
vi khuan lam nay chira mét lugng protein rat cao, co thé dat
t61 75% trong luong (theo khéi lugng kho), bao gdm tit ca
c4c axit amin thiét yéu [5]. Spirulina platensis c6 nhiéu loai
vitamin (nhu A, E, K, C, B) va cac khoang chét nhu kali,
sat, canxi, phdt pho, mangan, dong, kém va magié [6, 7].
Céc séc t6 cta tao xodan bao gdm: carotenoids, chlorophyll
a, b va phycocyanin, trong d6 phycocyanin 1a mot hop chat
chdng oxy héa va chong viém duoc sir dung trong nganh
cong nghiép my pham va sic t6 [1-3, 7, 8.

Sinh khéi cua Spirulina platensis ¢ thé duoc tiéu thu
dudi dang sét nhao tuoi, hodc dang san phr?im kho tuy theo
g dung. Sau khi nudi cdy va thu hoach, sinh khéi tao xodn
thuong dugc 1am kho bang cach sdy nham giam ham luong
nude trong dang sét nhdo. Muc dich chinh 1a giam thiéu cac
thay ddi sinh hoa va hoat dong cua vi sinh vat, dé tang do
bén va tinh 6n dinh ciia san pham cudi cung [9]. Cac hop
chét trong sinh khéi tao tuoi rat nhay cam véi nhiét dg, anh
sang, hoat dong ctia enzyme va qua trinh oxy hoa khi c6 am
hay khong khi, vi vdy chung ¢ thé bi phan hily trong qua
trinh séy kho [9]. Ngoai muc dich bao quan, mat nudc lam
giam khdi lugng va thé tich san pham xudng dang ké, dong
thoi cai thién hiéu qua viéc van chuyén va luu tri.

Nhiéu cong nghé khac nhau duoc sir dung dé sdy kho tao
xodn [10] nhu phuong phap sy truyén thong 1a ding khong
khi néng [11-16], sdy bang bom nhiét [17, 18], sdy thing
hoa [15], hay mot s6 cong nghé méi nhu sdy bang vi song
két hop chan khong [19] nham gitip nang cao chat lugng san
pham tao kho. Cac k¥ thuat sy khac nhau anh hudong dén
chi phi, nang lugng, thoi gian, hinh dang cia san pham cudi
cung va kha nang duy tri ham lugng dinh dudng so vdi tdo
tuoi. Trong qué trinh siy kho, gi4 tri dinh dudng giam xudng
do protein, lipid, sic t6 va cac chat dinh dudng khac bi bién
d6i do thoi gian, nhiét do va sy tiép xuc voi khong khi [10].
Hién nhiéu nghién ciru vé tao kho chi yéu tap trung khao
sat anh huong cia didu kién sdy nhu: cic yéu té anh hudng
dén qua trinh 1am kho tio xodn bang khong khi nong (siy
phun, sdy tréng quay) [12, 13, 15, 16, 19] hay say bom nhiét
[17, 18], sdy chan khong thing hoa [19], cling nhu mot s6
ky thuat sy tién tién nhu: sdy bang vi song [19], sdy hong
ngoai [20]. Trong s6 d6, c6 mot sé nghién ctru danh gia anh
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hudng ctia phuong phap sy dén ham luong phycocyanin.
E.G. Oliveira va cs (2009) [12] xac dinh dugc ham lugng
phycocyanin cia tao say kho bang khong khi nong dat t6i
12,6%. R.C. Bruna va cs (2015a) [17] chi ra ring, tao sdy
kho bang phuong phap sy bom nhiét tot hon say khay bang
khong khi néng & 60°C; phuong phap siy bom nhiét & 50°C
¢6 ton thit phycocyanin thap nhét (20,5%). M. Demarco va
¢s (2021) [15] chi ra rang, phuong phap sdy bang khong khi
noéng & nhiét do 60°C va sdy dong kho déu lam giam ham
lwong phycocyanin cua tao Arthrospira platensis xuéng con
khoang 80-90% sau 100 phut siy, nhung phwong phap sy
dong kho giir duge mau xanh cia tao tot hon phuong phap
séy nhiét do cao. Thuc té, khong co nhiéu nghién ctru xem
xét anh hudng cua cac phuong phéap siy dén chat lugng ciia
cung mot ddi tuong tao x04n cu thé - mot van dé dang dugc
quan tam lién quan dén chon cong nghé lam kho dé giam
chi phi san xuat nhung van phai dam bao dwoc chét lugng
san pham cubi cing.

Do d6, ¢ nghién cuu nay ching t6i tap trung khao sat,
so sanh mot s thanh phin co ban, nhimg thay déi hoa ly
clia tao xoan dugc lam kho bang phuong phap ding khong
khi néng, say lanh bom nhiét va sdy thing hoa. Két qua thu
dugc gop phan dinh hudng ky thuat xir 1y 1am kho trong
chudi cung tmg tio xoan, va kha nang sir dung tao kho phu
hop dbi véi mot s linh vue cu thé nhu trong san Xuét san
pham thyc pham, hay y duoc.

2. Dol tuong va phuong phap nghién ciiu
2.1. Poi twong

Tao xoan (Spirulina platensis) dugc thu hoach tai trai
nudi tao xodn & xa Ninh Tho, thi xd Ninh Hoa, tinh Khanh
Hoa (trudce sap nhép). Tao sau khi thu hoach dugc rira qua
nudce sach 3 1an va duogc ép rao dén @6 4m 92,07+0,45%.
Tao twoi dung trong tii PE dwoc bao quan lanh bang nudc
da lanh va dua ngay vé phong thi nghiém dé tién hanh
nghién ciu.

2.2. Chuan bj tio xoin kho

Sdy bang khéng khi néng: Lép tao tuoi duge dan déu 1
cm trén khay sy c6 13 trén 16p vai loc 0,5 um va duoc say
kho béng khong khi néng & nhiét d§ 50°C trong thoi gian
12 gid bang ta siy Sunsay (Model SS-5710CD, Viét Nam).

Say lanh bom nhiét: Lop tao tuoi duge dan déu 1 cm trén
khay sdy c6 13 trén 16p vai loc 0,5 um va dugc say lanh &
nhiét do 50°C trong thoi gian 10 gio bang ti sdy lanh Sunsay
(Model SS-5720HP, Viét Nam).
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Say thang hoa: Lop tao twoi duge dan déu day 1 cm trén
khay sdy inox va dugc sdy thing hoa & nhiét d6 -30°C trong
thoi gian 24 gio bang t siy thing hoa Telstar (LyoBeta 35,
Tay Ban Nha).

Tao xoin kho duge dung trong i PA c6 hut chan khong,
bao quéan trong hop tbi & nhiét d6 phong dé phuc vu nghién
clru.

2.3. Phuwong phap nghién ciru

Phicong phdp xdc dinh thanh phan co ban: Ham lugng
am cula tao duoc xac dinh theo AOAC 2012, method 950.46.
Xac dinh ham lugng protein theo AOAC 2012, method
928.08. Ham lugng protein: Nx6,25 (%). Ham lugng lipid
téng duoc thuc hién theo AOAC 2012, method 948.04.
Ham Iuong tro dugc xac dinh theo AOAC 2012, method
920.153. Xac dinh trj s6 peroxit dugc thuc hién theo TCVN
9532:2012.

Ham lwong phycocyanin va dj tinh khiét: Xac dinh
ham lugng phycocyanin (PC) va do tinh khiét (PP) cia
phycocyanin tach chiét theo phuong phép cia S.C. Silva va
cs (2019) [14] v6i mot s6 diéu chinh. Hoa tan 500 mg (theo
chat kho) miu tio xodn sdy kho trong 50 ml nudc 4m (40°C)
dung trong lo thiy tinh ndp kin, dung c4 tir khudy trong 15
phut cho hén hop tan hoan toan. Dé mau & ngin mat t lanh
(4-5°C) trong 24 gid, sau do lic déu dung dich trudc khi lam
dong & nhiét d6 -20°C trong 24 gid tiép theo. Phycocyanin
dugc chiét xuit bang phuong phap dong lanh va rd dong
theo ba chu ky (cip dong - ra dong) dugc thyc hién nhu sau:
M4u da lam déng duge ra dong & nhiét do phong trong 15
phut, tiép theo dua vao cap dong 1 gid & chu ky thi hai va ra
déng trong 30 phut, chu ky cudi cung duge cip dong 1 gio
va ra dong 45 phut. Sau chu ky ri dong thir ba, mau duoc ly
tam & 6000 vong/phit trong 15 phut, sau d6 1ay phan dung
dich phia trén mau da ly tdm di xac dinh do hép thu (Abs) &
cac budc song 280, 615 va 652 nm.

Ham luong phycocyanin (PC) dugc tinh toan bang cong

thire (1).
(AbS 615 —0,474xAbs 652)

PC= a3 (mg/ml) (1)
Do tinh khiét cia phycocyanin (PP) tach chiét duoc tinh
bang cong thirc (2).
_ Abseis
PP - Abs 280 (2)

Phirong phéap do mau tio xodn khé: Sy thay d6i mau
clia tao xodn kho duoc xéac dinh thong qua déc trung vé do
sang (L*) va gia tri a* va b* ctia hé mau CIE bang thiét bj do
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mau Chroma Meter CR-400 (Konica Minolta, Nhat Ban).
Mau tio kho duoc dat vao dia su tring phing (L=85,66;
a*=-4,16; b*=-2,08) v6i chidu day 16p tio 1a 1 cm dé tranh
anh hudng cia mau dia dung cling nhu anh sdng méi truong
xung quanh 1am anh huéng dén két qua do. Viéc chup mau
mau tao kho duge thyc hién o nhiét do phong.

Céc tham sb (L*/a*/b*) dugc chuyén dbi thanh cac gia
tri s6 ctia d6 1éch mau (AE) duoc tinh bang cong thirc (3).

AE=+(L=Lg)2+ (a—ag)2 + (b by)? A3)

trongd6:AL=L-L,Aa=a-a,Ab=b-b_la sy chénh l¢ch
giira cac gia tri toa do L,a,b ciia mau twoi voi mau kho [18].

Phirong phdp xdc dinh d¢ ling tach I6p: Can 50 mg
(theo chat kho) miu tao xodn kho hoa trong 100 ml nuée
4m (40°C) dung trong lo thity tinh nép kin, dung cé tir khudy
trong 15 phit. Bé theo doi mirc do tach 16p do ling duoc
tién hanh bang cach rét dich tao vira hoa tan dong nhat vao
cuvet thach anh 1 cm, va do do hép thu tai budc song 440
nm bf?mg thiét bi do UV-Vis (Labomed, model: UVS-2800,
M5¥). Su tach 16p cua tao kho hoa tan duge danh gia bang
cach so sanh do hap thu budc song (Abs) & cac mdc thoi
gian (5, 10, 15, 20, 25, 30) phut.

Quan sat hinh thai hoc cua tao: Hinh thai hoc cia tao
Spirulina dwoc quan sat bang kinh hién vi DMK 1000T gén
camera model RS-500C, vdi do phong dai cua kinh hién vi
t6i da 1000 lan, d¢ diéu chinh tiéu cu =5 diop, sir dung vat
kinh véi d6 tu quang NA 1,25. Nho mot giot mau tao phan
tan trong nude 1én trén lam kinh va tién hanh quan sat.

2.4. Phwong phdp xir Iy s6 ligu

Tat ca cac thi nghiém dugc thuc hién 3 lan, két qua
thu dugc 1a gia tri trung binh ctia cac lan do. SO liéu dugc
xtr Iy bang phin mém IBM SPSS Statistics 22 dé phan
tich ANOVA va biéu do két qua dwoc vé bang phin mém
SigmaPlot 14.5.

3. Két qua va ban luan

3.1. Thanh phan héa hoc ciia tio khé

Két qua phan tich thanh phan hoa hoc ciia tao kho bing
cac phuong phap lam khé dugc trinh bay tai bang 1. Su
khac biét vé gié tri protein, lipid do anh hudng cua diéu kién
lam kho gitra cac phuong phap sdy, ham luong cua chung
giam do sy bién ddi boi diéu kién sdy & nhiét do cao va tac
dung cua su tiép xtc véi tic nhan sdy 1a khong khi [9]. Him



lugng protein, lipid bi bién ddi mot ph?m bdi qua trinh s?iy,
dic biét 1a phuong phép siy bang khong khi nong. Ham
luong protein cho két qua twong duong trong tio xodn xac
dinh béi B. Shahid va cs (2016) [5] nhung cao hon trong tao
xo4n dugc nudi & Maroc duge xac dinh boi A. Rahim va cs
(2021) [6] (53,31%0,67%). Trong khi d6, ham lwgng lipid
trong tao xoén duoc xac dinh lai thép hon (9,25+0,09%).

Bang 1. Thanh phan héa hoc cua tao.

Téo kho
TT Thanh phin Tdo twoi iiﬁ thiing Sy lan iﬁi :héng khi
1 Am (%) 92,07+0,45*  4,93+0.21¢  11,10£0,92°  11,34+1,07°
2 Protein* (Nx6,25) (%) 789+0.87*  77,7:0,73"  76,9+0,22°  733+1,09°
3 Lipid tong’ (%) 4,62£0,08°  446£0,09°  441£033°  3,26+044*
4 Tro' (%) 52041,69°  5,68+0,18  517x0,26*  6,30+0,28"

* Pwoc tinh theo khdi lwong chat kho. Cac gia tri trung binh mang chiy
cai khac nhau & cling mét dong chi sy khac biét co y nghia thdng ké
(p<0,05).

3.2. Hinh thdi hoc ciia tio kho

Quan sat hinh thai hoc ctia tio phén tan trong nudc bang
kinh quang hoc (hinh 1) cho thy, hinh thai cdu tao xodn
clia tao van duoc gitt nguyén boi cac phuong phap sdy khac
nhau. Tuy nhién, d6i v6i mau tio sdy nong c6 hién tuong
két ty, von cuc, khong co su phéan tan dong nhat trong nudc.
Phuong phap sy thing hoa cho két qua gitr lai ciu tric
xodn t6t nhit néu so sanh véi ciu tric cua tao twoi. Nhu vay
¢6 thé thay, co ché tach nudc ra khoi tao khi 1am khé anh
huong nhiéu dén hinh thai hoc cta tao sau khi dugc lam

Hinh 1. Hinh thai hoc cua tao twoi (A), tao kho say thing hoa (B),
say lanh bom nhiét (C) va say bang khéng khi néng (D).

JHOAHOC . [

s Khoa hoc Ky thuat va Céng nghé| Cong nghé sinh hoc cong nghiép; Ky thudt thuc phdm va dé udng

kho. Sy thing hoa nuéc da dé lam khoé tao & phuwong phap
sdy dong kho tot hon dbi voi su bay hoi nuée dudi tac dong
ctia khong khi c6 d6 khé cao (sdy lanh bom nhiét), hay nhiét
d6 sdy cao (sdy khong khi nong) [15, 21]. Diéu nay co thé
anh huong dén mot sb tinh chat hoa 1y duge xem xét & cac
phén sau.

3.3. Ddc tinh hoa ly cua tio kho

Mau sdc: Gia tri dac trung mau cua tao kho dugc biéu
dién ¢ biéu d6 hinh 2. Két qua do mau cho théy, gié tri d0 sang
L cua tao sdy thing hoa 1a cao nhat (24,35+1,38) con tio sdy
béang khong khi néng c6 gié tri L thip nhit (21,65+0,88), su
khac biét nay ciing c6 thé quan sat thiy rd bang mat thudng.
Tuong tu véi gid tri a* thé hién mau xanh cao nhat, dat
-7,64+0,30, tao kho c6 mau xanh téi hon chinh 14 tao siy
bfing khong khi nong, a* dat -3,59+0,35. Két qua thu dugc
tuong dong voi két qua nghién ciru ciia M. Demarco va cs
(2021) [15] khi so sanh giita tao xoan Arthrospira platensis
duogc siy thiang hoa va siy bang khong khi néng & nhiét do
40 hay 60°C; hay nghién ctru cia R.C. Bruna va cs (2015a)
[17] trén ddi twong tao xodn Spirulina sp. dugc sdy bing
khong khi néng (50, 60°C) va sdy lanh bom nhiét (50°C). Do
léch mau AE cua tao séy thang hoa cao nhit (10,88+0,84),
tiép theo 1a cua tao sdy lanh (6,12+0,73) va thip nhét 1a cia
tao siy bang khong khi nong (4,10,73).
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Hinh 2. Gia tri L/a*/b*/AE cua tao khé tir cac phwong phap say. Cac
gié} tri trung binh mang ch cai khac nhau chi sw khac biét cé y nghia
thong ké (p<0,05).

Vi két qua phan tich s sai 1éch c6 y nghia thi gié trj dai
dién cho d6 sang ciia mau sdy lanh bom nhiét va siy thing
hoa 14 khong c6 sy khac biét, nhung khac véi mau sdy bang
khong khi néng va mau tao tuoi. Gid tr a* clia mau tao & ba
phuong phap siy 1a khac nhau, gia tri b* cia miu siy lanh
bom nhiét va siy bang khong khi néng khong c¢é su khac
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biét nhung khac biét 16 rét voi mau séy thang hoa. Nhu vay,
mau say thang hoa va méu sdy lanh bom nhiét c6 mau sic
xanh, sang va dep hon mau sy bang khong khi nong. Dudi
tac dong cua nhiét do cao lam thay ddi mau sic cua tao
kho, c6 thé 1a do sy phan hity ciia cac hop chat diép luc va
carotenoid [15], hay phycocyanin [15, 17].

Tri s6 peroxit: Trong qua trinh ché bién va bao quan
tao, lipid co thé trai qua cac bién doi boi phan tng thuy
phan hoic oxy hoa dudi tac dung ciia enzyme hay tiép xtc
v6i oxy trong khong khi. Didu nay co thé dan dén giam
gia tri dinh dudng ctia chiing, gay mui vi la hoac tham chi
g6p phan hinh thanh céc chat c6 hai. Hinh 3 trinh bay két
qua phan tich trj sd peroxit cta tao duoc lam kho boi cac
phuong phap sdy khac nhau. Két qua cho thiy su chénh
léch kha 16n vé tri s peroxit tao thanh trong tao kho giira
cac phuong phap sdy. Tri s peroxit trong tao kho sdy bang
khong khi néng (2,28+0,38 meq/kg) cao gap 2,9 hay 3,6 lan,
1an luot so véi trong tao sdy lanh (0,8+0,05 meq/kg) hay siy
thang hoa (0,64+0,09 meq/kg). Sy anh hudng cua phuong
phap sdy nay tuong tu nghién ctru cia M. Mroz va cs (2024)
[20] trén d6i twong tao Arthrospira platensis, khi so sanh
giita sdy chan khong thing hoa va siy bang khong khi nong
& 75°C. Mic du say lanh bom nhiét hay sdy thang hoa ¢ tri
sO peroxit thap hon, nhung thuc té van xdy ra qué trinh bién
d6i lipid trong hai phuong phap say nay. So di san pham tao
kho séy lanh bom nhiét, dac biét l1a tao kho séy thang hoa
van xay ra qué trinh oxy héa, mic du diéu nay duoc dién
ra & didu kién chan khong, d6 1a do su bién ddi lipid boi
enzyme noi tai trong tao tuoi [22].
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Hinh 3. Tri sé peroxit ctuia tdo khé tir cac phwong phap say. Cac
gia tri trung binh mang chi¥ céi khac nhau chi sw khac biét cé y nghia
thdng ké (p<0,05).

‘ SKHORHOC [P

Ham lwong phycocyanin va dg tinh khiét: Ham lugng
phycocyanin va do tinh khiét phycocyanin tach chiét tir
tao xodn lam kho bang cac phuong phap sdy dugc trinh
bay & hinh 4. Két qua chi ra rang, ham luong phycocyanin
trong mau tao tuoi bi giam di khi sy, gia tri giam dang ké
ngay ca dbi véi phuong phép sdy thiang hoa. Ham lugng
phycocyanin c6 trong tao siy thing hoa (2,11+0,01 mg/ml)
véi d6 tinh khiét 0,30 cao hon tao duoc 1am kho bé‘mg khong
khi nong (1,61£0,03 mg/ml) v&i do tinh khiét 0,17 va sy
lanh (1,86+0,02 mg/ml) voi d§ tinh khiét 1a 0,20. Nghién
ctru cua S.C. Silva va cs (2019) [14] dung phuong phap siy
phun tao Spirulina platensis cho ham lugng phycocyanin
1,44+0,01 mg/ml, két qua nay c6 su twong dong véi két qua
clia tao say bang khong khi nong & nghién ctru hién tai. Diéu
kién sy, phuong phap sdy anh hudong 16n dén su bién doi
cac thanh phan c6 hoat tinh chéng oxy héa cta tao xodn, mot
trong s6 do 1a phycocyanin. R.C. Bruna va cs (2015b) [18]
da chi ra rang, ham luong phycocyanin ton that 15-83% tuy
theo nhiét do hay do day 16p tao Spirulina sp. khi siy bang
bom nhiét, trong d6 & diéu kién nhiét do 50°C va chiéu day
16p tao 5 mm c6 ton that ham lwong phycocyanin thip hon &
60°C. O mét nghién ctru khac, anh hudng cia diéu kién sdy
dugc R.C. Bruna va cs (2015a) [17] chi ra ring, ham lugng
phycocyanin cia tio Spirulina sp. sdy bang bom nhiét cao
hon sdy khay bang khong khi néng & 50°C. RO rang trong
cac phuong phap sdy thi phuong phap siy thiang hoa cho
chét lwong tao kho gitr dugc ham lugng phycocyanin cao
nhét, didu nay c6 ¥ nghia 16n cho nhiing tmg dung can thé
hién hoat tinh chéng oxy héa cua tao xodn.
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Hinh 4. Ham lwong phycocyanin va dé tinh khiét cta tao twoi, tao
khé tir cac phwong phap say. Céc gia tri trung binh mang chiv céi
khac nhau chi sy khac biét c6 y nghia thdng ké (p<0,05).
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D6 ling dong: Tao kho duge hoa phan tan trong nude dé
{mg dung vao san xuat cac san pham thyc phim dang long
hay ubng tryc tiép. Do d6, sy ling dong cua tao trong nudc
nhanh hay chim rit quan trong trong thiét ké cong nghé
hay huéng din sir dung, vi chiing anh hudng truc tiép dén
gid tri cam quan. Dé danh gia anh huong nay thi “P¢ ling
dong” cua tao dugc coi la mdt chi ti€u danh gia can thiét.
Qua quan sat sy léng dong ctia cac mau tao hoa tan trong
nude & nhiét ¢ phong (hinh 5), cho thiy riang thoi gian
duéi 5 phit, khong co su thay d6i dang ké vé do ling cua
tao duoc sdy bang cic phuong phap khac nhau. Tuy nhién,
sau 5 phut, cac miu tao sdy da bat dau ling nhe, trong khi
tao twoi van giit nguyén trang thai phan tan ban dau. Sy 6n
dinh trang thai phan tan déu van kéo dai sau 30 phut ddi voi
tao tuoi, nhung xuét hién sy la“ing dong dang ké dbi vai tao
duoc séy kho, dac biét 1a tao séy lanh bom nhiét va tao séy
bang khong khi néng. S¢ di qua trinh ling ciia tao sdy thing
hoa cham hon téo sy lanh bom nhiét va tao sdy bang khong
khi nong 1a do phuong phap sdy dong kho co kha ning tai
tao tot cAu triic ty nhién cua tao, do d6 bot tao khd cé tinh
ddng nhét nén c6 do hoa tan cao, lam cham qué trinh ling
[21]. Sau 60 phut, cic miu tio sdy lang dang ké va ling gan
nhur triét dé sau 180 phut, mau xanh quan sat thdy c6 thé chi
yéu do mau ciia phycocyanin hoa tan trong nudc. Trong khi
d6, mau tao tuoi van cho thay sy phan tan tét trong nudc,
diéu d6 cho thay ring tao siy chiu anh hudong dang ké boi
céc yéu t cong nghé lam kho tao.
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Hinh 5. Mau tao twoi (1), tao sy thang hoa (2), sdy lanh bom nhiét
(3) va say bang khéng khi néng (4) dwoc theo déi lang & diéu kién
nhiét dé phong.

Dé danh gia chinh x4c hon su ling dong ciia tao phéan tan
trong nudce, két qua xac dinh do hip thu song UV (Abs) &
bude song 440 nm ddi voi cac miu tao theo thoi gian duoc
thé hién 6 hinh 6.
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Hinh 6. D6 hap thu séng UV tai bwéc séng 440 nm cua tao xoan
theo theoi gian.

Két qua do Abs ciia cac mu tao siy so véi mau tuoi d
cho théy su khac biét 1o rét. Do hép thu giam sau 15 phut
d6i v6i mau tao sy lanh bom nhiét va sdy thing hoa, trong
khi mau say bang khong khi nong c6 do hap thu giam ngay
sau 5 phut. Didu nay cho thiy ring, phuong phap siy bing
khong khi nong tao ra tao kho ling nhanh hon, nguyén nhan
c6 thé do su két tu cua tao nén kich thudc va khéi luong tao
16n hon, kha nang hoa tan phan tan trong nuéc kém (hinh 1).
Trong khi dé, tao khé ding phwong phap sdy lanh bom nhiét
va sy thing hoa ciing cho thay c6 sy ling dong, nhung mtc
d6 lang cham hon so véi tao lam khé bang khong khi nong.
Két qua nay chi ra rang, tao siy bang khong khi néng co
tbc do ling nhanh nhét, tiép theo 1a tao sdy lanh va tao siy
thang hoa.

4. Két luan

Tir két qua nghién ctru, 1d rang viéc lya chon phuong
phap siy c6 thé anh huong dang ké dén thanh phan dinh
tinh va dinh lugng cta cac chat chuyén hoa trong san pham
tao Spirulina platensis say kho cudi cung. Cac phén tich
chi ra r::ing, thanh phf‘?ln héa hoc va mot sé dic tinh hoa ly
clia tao Spirulina platensis bi anh huong it nhit bai phuong
phap sdy thing hoa, tiép dén 1a sdy lanh va nhiéu nhit 1a siy
bang khong khi néng. Tao xodn kho sdy bang khong khi
nong co toc do ling dong trong nude cao nhit va o tri sd
peroxit cao lan luot gép 2,9 hoic 3,6 lan tri sb peroxit ctua
tao xodn kho sdy lanh bom nhiét hoic siy dong kho. Trong
nghién ctru nay, sdy thing hoa tao xoan la phuong phap phu
hop nhit dé giir lai cac chit chuyén hoa thir cip nhu sic to
phycocyanin. Tuy nhién, phuong phap sy lanh bom nhiét
hoan toan c6 thé st dung dé tao san pham tao kho thay thé
cho phuong phap sy thing hoa dé giam chi phi san xut,
nhung van giit dugc gia tri tmg dung cua tio xodn néu nhu
hoat tinh chéng oxy hoa ciia tao xodn kho khong phai 1a méi
quan tam chinh.
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Tom tit:

Tong hop vat liéu nano bang phuong phap hoéa hoc xanh dang tré thanh xu hlr(rng ndi bét nho tinh than thién méi trwong va kha
ning ung dung cao trong nong nghiép ben virng. Trong nghlen ctru nay, dich chlet 1a bang (Terminalia catappa L.) duwgc sir dung
lam tac nhan khi sinh hoc dé khir ion sat (IIT) thanh sit kim loai (Fe®), qua dé tong hop vt liéu nano sit. Dich chiét dwoc thu
nhén bang phwong phap chiét siéu Am véi dung mdi ethanol 70%, c6 ham lirgng polyphenol va flavonoid lan lwot dat 85,12+0,97
mg GAE/g chit kho va 104,6+8,72 mg QE/g chit kho. Cac diéu kién anh hwong dén qua trinh tong hop, bao gdm nong df tién chat
Fe**, nhi¢t dg va thm gian phan ing, dwoc khdo sat va t0i wru thong qua thir nghiém danh gla kha ning kich thich nay mam ciia hat
ngo DPic trung cAu triic va hinh thai ciia vat liéu duge xac dinh bang cac phuong phap pho nhiéu xa tia X (XRD), pho hong ngoai
bién d6i Fourier (FTIR) va anh hién vi dién ti quét (SEM). Két qua cho thay, vat liéu thu dugc co dinh nhiéu xa dic trung ciia Fe®
tai 20=45,7°, kich thudc hat dao dong trong khoing 20-100 nm, trung binh ~80 nm. Nano sit tong hop bang phwong phap xanh
thé hién kha ning kich thich ndy mam dang ké, goi mé& tiém ning ing dung lam ché pham sinh hoc ho trg ting trudng cay trong

Tir khoa: dich chiét 14 bang, hat ngo, kich thich nay mém, nano sit, tong hop xanh.
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and their application in stimulating maize seed germination

Dac Binh Minh Nguyen', Van Minh Dao? Thi Hong Phuong Nguyen?, Duc Duong La*, Hoai Phuong Nguyen?,
Thi Viet Quynh Nguyen?, Thi Van Anh Phan*

National Academy for Advanced Technology and Innovation, C6 Thanh Xuan Bac Street, Thanh Xuan Ward, Hanoi, Vietnam
’Institute of Science and Technology Development for Regions, C6 Thanh Xuan Bac Street, Thanh Xuan Ward, Hanoi, Vietnam
3School of Chemistry and Life Sciences, Hanoi University of Science and Technology, 1 Dai Co Viet Street, Bach Mai Ward, Hanoi, Vietnam
‘Institute of Chemistry and Materials, Vietnam Academy of Military Science and Technology, 17 Hoang Sam Street, Cau Giay Ward, Hanoi, Vietnam

Received 4 November 2024; revised 19 November 2024; accepted 26 November 2024
Abstract:

Green chemistry-based synthesis of nanomaterials has emerged as a promising approach due to its environmental
friendliness and high potential for sustainable agricultural applications. In this study, Terminalia catappa L. leaf extract
was employed as a biological reducing agent to convert ferric ions (Fe*") into metallic iron (Fe®), thereby synthesising iron
nanoparticles. The extract was obtained by ultrasonic-assisted extraction using 70% ethanol, with total polyphenol and
flavonoid contents of 85.12+0.97 mg GAE/g DW and 104.6+8.72 mg QE/g DW, respectively. The effects of Fe* precursor
concentration, reaction temperature, and reaction time on nanoparticle synthesis were investigated and optimised
based on experiments evaluating the germination-stimulating effects on maize seeds. The structural and morphological
characteristics of the synthesised material were analysed using XRD, FTIR, and SEM techniques. The results revealed a
distinct diffraction peak of Fe° at 20=45.7°, with particle sizes ranging from 20 to 100 nm and an average size of ~80 nm.
The green-synthesised iron nanoparticles exhibited a notable stimulatory effect on seed germination, suggesting their
potential as a bioactive nanomaterial for stimulating plant growth.

Keywords: green synthesis, iron nanoparticles, maize seed, stimulate germination, Terminalia catappa L. leaf extract.
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1. Dt van de

Trong nhiing thap ky gan day, vat liéu nano dugc tng
dung dé giai quyét cac thach thirc cap bach trong nhiéu linh
vuc nhu vat liu, sttc khde, moi truong va dac biét 1a nong
nghiép [1]. Sy phat trién manh mé cua cong nghé nano da
day nhanh qua trinh chuyén doi trong nong nghiép, gop
phan ning cao ning suat cdy trdng thong qua viéc ting
cuong kha ning sinh truong, phuc hdi, phong trir bénh hai
[2]. Vat li€u nano, vdi kich thudc nho hon 100 nm, s¢ hitu
cac ddc tinh doc déo nhu dién tich bé mat 16n, do 6n dinh
cao, dd bén co hoc cao, diém nong chay thap va kha ning
phan tan tot [3, 4].

Sat 1a mot nguyén tb vi lugng thiét yéu, dong vai tro
quan trong trong nhiéu qua trinh sinh 1y cta thyc vét nhu
quang hop, truyén ning lugng, kich hoat enzyme, tong hop
RNA, DNA [5]. Mic du ham lugng sit trong dat thuong
cao, phﬁn 16n ton tai & dang khoéng tan nhu Fe3* va bi cd
dinh trong cac cau truc khoang hodc chét hiru co khién cay
trong khé hap thu [6]. Viéc bd sung sit thong qua phin bon
vO co truyén thong thuong khong mang lai hiéu qua cao,
dac biét trong diéu kién dat trung tinh hoac kiém, noi Fe**
d& bi oxy hoa thanh Fe** khong tan, 1am giam kha nang hip
thu va van chuyén cua cay [7]. Pé khic phuc han ché nay,
sat & dang nano da dwoc nghién ctru nhu mot giai phap tiém
ning, nhdm cung cp sit hiéu qua hon cho cay trong. Nano
sat c6 kha ning thiic ddy qua trinh quang hop, ting cudong
hap thu dinh dudng va kich thich sy ndy mam cua hat [8, 9].
Hién nay, nano sat thudng dugc tong hop bing cac phuong
phéap hoa hoc hoac vat 1y. Tuy nhién, nhiing phuong phép
nay thuong sir dung hoa chét doc hai lam chét khir va chat
6n dinh, khong chi anh huéng dén méi trudng ma con tiéu
t6n nhiéu ning luong [10, 11]. Do do, can thiét phai phat
trién cac phuong phap tong hop bén viing, than thién voi
moi truong va tiét kiém chi phi.

Mot huéng tiép can méi ddy tiém nang 1a st dung
cac chit khir c6 ngudn gde sinh hoc tir thuc vat dé tong
hop nano sét, nhd vu diém nguyén lidu da dang, d& tiép
can va than thién voi moi truong [12]. Chiét xuat thuc vat
chira nhiéu hop chét sinh hoc nhu polyphenol, flavonoid,
polysaccharide. .. c6 thé dong vai tro 1a chat khir va chat 6n
dinh trong qua trinh tong hop hat nano [13]. Trong nhiing
nam g?m day, nhiéu loai thuc vat da dugc khai thac dé téng
hop nano sét, sir dung céac bd phan nhu 14, 1€, hodc qua [14,
15]. Tuy nhién, d&én nay chwa c6 nghién ciru nao duogc cong
bd vé viéc st dung dich chiét 14 bang dé tong hop nano

%H%-IE 68(2) 2.2026

sit. Cdy bang thudc ho Tram bau (Combretaceae), bao gdbm
khoang 250 loai phan b rong rdi ¢ cac ving nhiét doi va
can nhiét doi thudc chau A, chau Uc va chau Phi [16]. La
bang giau polyphenol, flavonoid va tannin - nhitng hop chét
¢6 kha nang chdng oxy hoa, khang khuan va khang nim [17,
18]. Viéc khai thac tiém ning cua 14 bang trong tong hop vat
lidu nano sat hira hen mé ra nhitg hudng di méi trong phat
trién nong nghiép bén viing.

T nhiing co so trén, nghién clru nay duoc thyc hién
nham xéc dinh cac diéu kién téi uu cho qué trinh tong hop
nano sat str dung dich chiét 1a bang lam chat khir. Nano sat
sau tong hop duoc dic trung bang cac phuong phap SEM,
XRD va FTIR. Ddng thoi, nghién ctru ciing danh gia anh
huéng cia nano sat dén kha ning niay mam va sirc song cia
hat ngo.

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

La bang (Terminalia catappa L.) thu hai ¢ giai doan sinh
truong manh (thang 7/2024 tai Ha No6i), 14 ¢6 mau xanh
dam, gia nhung chua chuyén sang giai doan ua vang. La
bang duoc lya chon c6 hinh dang binh thuong, phat trién
hoan chinh.

Hat gidng ngd lai don F1 NK6253 Héang Syngenta dugc
mua tir cac dai 1y ban hat giéng tai Ha Noi.

Céc hoa chét phan tich gém: sit (III) clorua (Merck,
buc), ethanol 96 (Viét Nam), Folin-ciocalteu (Nhat Ban)
va natri cacbonat, aluminum chloride, axit quercetin, natri
nitrit, natri hydroxit, axit gallic dugc cung cap béi Xilong,
Trung Qudc.

2.2. Phwong phap nghién ciru
2.2.1. Chudn bi dich chiét I bang

La bang dugc lam sach béng nudc, séy kho va nghién
min thu bt nguyén li¢u. Bot 14 bang khoé (5 g) duoc khuéy
trong 100 ml ethanol 70%, sau d6 siéu am trong bé siéu 4m
30 phit. Qué trinh tach chiét dwoc tién hanh ¢ nhiét do 60°C
trong 2 gio, két hop voi may lic c6 toc do 180 vong/phiit.
Hon hop chiét sau d6 duoc loc thu dich chiét dic, bao quan
& nhiét 6 6°C trong sudt qua trinh nghién ctru va duoc pha
lodng ty 1& 1/10 v&i nudc cat.

2.2.2. Xdc dinh ham lwong phenolic tong sé

Ham lugng phenolic tong c6 trong dich chiét 14 bang
duogc xac dinh bang phuong phap sir dung thude thir Folin-



ciocalteu theo mo ta ciia R. Yadav va cs (2011) [19]. Trong
nghién ctru nay, dich chiét thuc vat duge pha loang 100 lan
bang ethanol 70%. Xy dung duong chuan axit gallic (GA)
theo day néng d6 20-120 pg/ml va thudc thir Folin-ciocalteu
10%. Hon hop phan tmg gdm 5 ml Folin-ciocalteu 10%, 1
ml axit gallic dwong chuan hodc 1 ml miu dich chiét thyc
vat va 4 ml dung dich Na,CO, (75 g/l), ldc déu va u phan
tg trong 30 phut, xac dinh d¢ hap thu ¢ budc song 765 nm.

2.2.3. Xac dinh ham heong flavonoid tong sé

Ham lugng flavonoid tong c6 trong dich chiét 14 bang
dugc xac dinh bang phuong phap tao mau véi aluminum
chloride (AICI,) [20]. Dich chiét thuc vat dugc pha loang
100 14n bang ethanol 70%. Xay dung duong chudn quercetin
(QE) theo diy ndng do 50, 100, 150, 200, 250, 300, 350,
400 pg/ml. Hon hop phan img gdm 1 ml axit quercetin hogc
1 ml dich chiét thuc vat va 0,3 ml NaNO, 5%, 0,3 ml AICI,
10%, 2 ml NaOH 1M vao lac déu va dinh mic dén 10 ml.
Xac dinh do hép thu ¢ budc song 510 nm.

2.24. T(fng hop vat liéu nano sat

Dich chiét 14 bang (60 ml) duoc nho voi toc d6 khoang
4 giot/gidy xudng 30 ml dung dich FeCl,. Nong do sit (I11),
nhiét d6 va thoi gian phan tmg duogc ti vu ¢ cac thi nghiém
trén. Phan (mg dugc khudy tir gia nhiét véi toc do 700 vong/
phiit. Két thiic qua trinh phan tng, mét phan dung dich dugc
loc ly tam ¢ 7000 vong trong 10 phut, va duoc rira 5 lan
bﬁ“mg ethanol va nude cit. Cac mau cin thu duge dugc séy
chan khong & 60°C dén khdi lwong khong ddi dé phan tich
cac dac tinh cua vat liéu béng cac ky thuat hién dai nhu
SEM, XRD, FTIR. Phan con lai cua dung dich nano sdt
dugc str dung dé danh gia kha nang kich thich nay mam ¢
trén hat ngo.

2.2.5. Khdo sat diéu kién t6i wu dén quda trinh tong hop
nano sdt

Tién hanh khao sat diéu kién t6i uu dé tong hop nano sit
tir 14 bang va tién chét sat bang cach thay doi ndng do Fe**,
nhiét d6 tao nano sat, thoi gian tong hop nano sit. Cac didu
kién nay dugc Iya chon thong qua viéc xac dinh kha nang
kich thich nay mam hat ngo.

- Khéo sat nong d6 Fe** ban dau dén kha ning kich thich
nay mam hat ngd: Dich chiét 14 bang dugc nho tir tir véi tde
d6 khoang 4 giot/gidy xubng dung dich FeCl, ¢ cac nong
d6 khao sat 1a 1; 2,5; 5; 7,5; 10 mM theo ty 1¢ thé tich 1a
2/1. Phan tmg dugc khudy véi te d6 700 vong/phiit ¢ diéu
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kién nhiét do phong (25°C+2°C) trong 15 phut. Két thuc
qua trinh, thu duoc 5 miu nano sét twong tng véi cac ndng
d6 Fe** ban dau. Dung dich sau tong hop thanh cong dugc
sir dung dé xir 1y hat ngd giéng va danh gia kha ning kich
thich nay mam hat ngd dé xac dinh nong d6 Fe** ban dau
thich hop.

- Khéo sat nhi¢t do téng hop nano sit dén kha nang kich
thich nay mam hat ngo: Dich chiét thuc vat dugc nho xuéng
dung dich FeCl, nong d6 tdi uu & thi nghiém trudc, véi toc
d6 nho giot khoang 4 giot/gidy theo ty 18 thé tich 2/1. Phan
ung duoc khuéy tur gia nhiét ¢ cac nhi¢t do khao sat tur 30,
40, 50, 60, 70°C véi toc dd 700 vong/phut trong 15 phit.
Két qua thu dugc 5 mau nano sat duge téng hop & cac nhiét
d6 khac nhau. Dung dich sau téng hop dugc st dung dé xur
Iy hat ngd gidng. Nhiét d6 tong hop sat nano duoc xac dinh
dwa vao kha nang kich thich nay mam hat ngo.

- Khao sat thoi gian tong hop nano sit dén kha ning
kich thich ndy mam hat ngo: Dich chiét 14 bang dugc nho
tir tir voi toc d6 khoang 4 giot/gidy xudng dung dich F eCl,
& ndng do, nhiét d6 phan ung da dugc tdi wu & thi nghiém
trude theo ty 16 thé tich 1a 2/1. Phan tmg dugc khudy véi toe
dd 700 vong/phut va gia nhiét & cac thoi gian khao sat: 30,
40, 50, 60, 70 phut. Két thac qua trinh, thu dugce 5 mau nano
sat duoc tong hop & cac thoi gian khac nhau. Dung dich sau
tong hop thanh cong duoc sir dung dé xur Iy hat ngd giéng va
danh gia kha ning kich thich nay mam hat ngé, dé xac dinh
thoi gian téng hop t6i wu.

2.2.6. Anh hwong ciia nong dg nano sat dén kha ndng
kich thich ndy mam hat ngé

Dung dich nano sét tong hop ¢ didu kién téi wu duge xac
dinh chinh x4c ndng d6 bang phuong phép phan tich AAS
trén may quang phd hip thu nguyén tr Agilent AAS, My.
Sau nghién ctru so bg, nguoi ta thdy ring ndng do nano sit
nho hon 5 mg/l 1a du dé ting cudng sy ndy mam cia hat
[21]. Do d6 trong nghién ctru nay, ndng dé dung dich nano
sat duoc thiét lap 1a 1, 2, 3, 4, 5 mg/l va tién hanh xir Iy
hat ngo gidng dé danh gia kha ning kich thich nay mam
va strc song cua hat ngd. Thi nghiém d6i chimg dugc thuc
hién véi nude cit.

2.2.7. Xir Iy hat ngé giong bang nano sdt

Dung dich nano sat duoc siéu am 10 phut dé cac hat
nano duoc phan tan déu. Cac hat ngd gidng duogc 1ay ngiu
nhién, ngam hat trong 90 phiit véi 50 ml dung dich nano sat
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pha lodng 10 lan. Sau d6 iy céc hat ra dé hat kho ty nhién
15-20 phut. Gieo hat vao mdi truong hiru co (duge chuan
bi theo TCVN 8548:2011). Phun 4m 2 lan/ngay. Piéu kién
theo ddi & nhiét d6 phong (25+2°C). Mau ddi chimg khong
xu ly nano sat dugc thuc hién tuong tu voi nude cAt.

2.2.8. Xac dinh ty Ié nday mam va chi so sirc song

Thi nghiém nay mam trén hat ngé khi dugc xir Iy bang
dung dich nano sat duoc thuc hién véi 50 hat ngo duoc léy
ngau nhién, sau thoi diém gieo hat 48 gio, cac hat ngé duogc
xac dinh sb hat nay mam dat yéu cau, xac dinh chiéu dai ré
mam va chidu dai chdi mam cua hat gidng.

Ty 1&¢ nay mam trung binh (GP) duoc tinh toan theo
phuong phap Scott c6 diéu chinh, dugc tinh theo cong thirc:
GP(%)=(A/B) x 100 v6i A 1a s6 hat nidy mam; B 14 tong sd
hat giéng [22].

Chi s6 sitrc sdng ctia hat gidng (VI) dugc xac dinh bing
cong thire: VI=GP x [Chiéu dai r& mam (mm) + chiéu dai
chdi mam (mm)].

2.2.9. Cdac ky thuat phan tich ddac tinh cua vdt liéu

Vit lidu st nano sau tong hop dwoc phan tich hinh thai
bang kinh hién vi dién tir quét (SEM) trén thiét bi SM-
6510LV (Jeol-Nhat Ban), phan tich dac trung cac nhom
chirc bang quang phd hong ngoai bién ddi Fourier (FTIR)
trén thiét bi Nicolet iS10 (Thermo Scientific - My) tai Vién
Han lam Khoa hoc va Céng ngh¢é Viét Nam. Phan tich phé
XRD tai Vién Khoa hoc va Cong nghé Quan sy béng thiét
bi X Pert Pro.

2.2.10. Phén tich s6 liéu

hién dién cia cic hop chit polyphenol va flavonoid trong
dich chiét dugc xac dinh bang phd hong ngoai (FTIR) va
dinh lugng bang cac phuong phap hoa hoc dwoc mo ta trong
phan phuong phap nghién ctru (hinh 1).

Trong phd FTIR ciia dich chiét 1a bang (hinh 2), cac dai
hap thy 1044,19 cm™' va 1382,36 cm’ 1a sy xuat hién cia
nhom chire C-N véi axit béo va lién két C-H [23], dai hap
thu ¢ 1648,41 cm™! la dac trung cta dao dong nhom C=C
clia vong benzene [24]. Cudng d6 cta cac dai hp thyu &
3345,37 cm™! 1a do dao dong kéo dai cia nhom chirc O-H
[25]. Céac dao dong dugc ghi nhan la cac nhom dac trung,
ching minh trong dich chiét 14 bang c6 sy xuét hién cia
phenolic va flavonoid.

Hinh 1. Dich chiét la bang.

Két qua thi nghiém dwoc phan tich
phuong sai mot nhan t6 (ANOVA)
trén phan mém Minitab 16 va phan
mém Microsoft Excel. Su khac biét
cua gia tri trung binh gilta cac cong
thirc dugc danh gia nho phép so sanh
Tukey voi mure tin cdy 95% (p<0,05).

D6 truyén qua, %

< Lo -
3. Ket qua va ban luan

3.1. Chiét xuit, xic dinh ham
lwong phenolic tong va flavonoid
téng trong la bang

B78.64 —
620.05 —

50

104419 —

Qua trinh chiét xuat dich chiét 14 2500
bang bang ethanol 70% thu dugc dich

T T T
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chiét c6 mau nau dam dic trung. Sy Hinh 2. Phd hdng ngoai bién ddi Fourier cua dich chiét la bang.
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Puong chuin axit gallic xdy dung trong khoang
ndéng do tir 20 dén 120 pg/ml 1a: y=0,0086x+0,0333, hé
sd tuong quan R?=0,9951 (hinh 3A). Puong chuan axit
quercetin trong khoang ndng d6 tir 50 dén 400 pg/ml la
y=0,0005x+0,0107, h¢ $6 tuong quan R?>=0,9944 (hinh 3B).
Dua vao dudng chuan axit gallic va quercetin, ham lugng
phenolic va flavonoid tong s6 trong dich chiét 14 bang duoc
tinh toan va chi ra tai bang 1. Cac hop chit phenolic va
flavonoid c6 trong dich chiét 14 bang c6 tac dung lam chét
khir dé tong hop nano. Cu thé, ham luong phenolic c6 trong
dich bang 1a 85,12+0,97 mg axit gallic/g chat kho, ham
lugng flavonoid co6 trong dich bang 1a 104,6+8,72 mg axit

quercetin/g chét kho.
(A) (B)
12 0.5
¥=0,0086x:0,0321
1 RF=0.5947
02
03
0,15
06
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04
0 005
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Hinh 3. D& thi biéu dién sw phu thudc tuyén tinh giira néng dé
chét chuan va do hap thu quang: (A) Axit gallic; (B) Axit quercetin.

Bang 1. Ham lwgng phenolic téng va flavonoid téng cé trong dich
chiét la bang.

Thanh phén Ham lirgng (mg/g chét kho)
Phenolic tdng 85,12+0,97
Flavonoid tong 104,6+8,72

3.2. Ddc diém cua vt li¢u nano sat

Mau cia dung dich sét (IIT) bién déi sang mau den ngay
khi duge bd sung thém dich chiét 1a bang, cho thdy sy hinh
thanh cta cac hat nano sit sau phan tmg (hinh 4). o pH
cua dich chiét 14 bang thay ddi o rét. Bang 2 cho thdy su
thay d6i 6 pH cua dich chiét 1a bang sau khi tron dung dich
sat (I11). Po pH giam dot ngdt tir 5,36 xudng 2,76 ngay sau
khi phan g, chiing t6 ¢6 su hinh thanh nano sat. Sy thay
d6i d6 pH sau khi thém dung dich sét clorua cho thiy, cac
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thanh phan tir chiét xuat 1a bang (phenolic, flavonoid. ..) da
phan mg vdi cac ion Fe** dé tao thanh nano sit. Két qua
kiém tra nay ciing twong ty nhu nghién ctru cta T. Kumari
va cs (2023) [26] khi sir dung dich chiét thuc vat dé tong
hop nano sit tir tién chit sit, mau sic dung dich bién doi
tlr mau vang sang mau den va dong thoi pH cua dung dich
cling giam dot ngdt.

Dich chiét Dung dich Dich dich
. 13 bang sat (i nano st
- Dich chiét  Dung dich ﬂ m ﬂ
Mol dung l4 bang nano sat '
pH ciia
dich chiet  536=0,06  2,76+0,15
14 bang
Maunsic  Maundu Mau den

Hinh 4. S thay d6i pH va mau sac cua dich chiét Ia bang sau khi
b6 sung dung dich sat (lll).

Hinh 5 1a két qua phan tich SEM cua vat liéu nano sat
dugc tong hop dya trén dich chiét 14 bang. Két qua cho thiy
¢6 su hinh thanh cac hat nano sit, cac hat ¢ dang hinh clu,
phan tan thanh cac cym hat nano, kich thudc trung binh tu
20 dén 100 nm. Do nano sit dugc tong hop bang dich chiét
14 bang nén c6 thé quan st thay xung quanh cac hat nano c6
céc 16p mang hitu co, dy c6 thé 1a cac hop chit polyphenol,
flavonoid, polysaccharide... ¢6 trong dich chiét thuc vat.

Hinh 5. Két qua hién vi dién tir quét cta vat liéu nano sit.
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Hinh 6 1a két qua phan tich nhiéu xa tia X cua vt liéu
nano sat dugc tong hop bang dich chiét 14 bang. Cac peak
dac trung cua nano st, cu thé 13 nano sit hod tri 0 dugc
thé hién tai 20=45,7° va 61,6° [27]. Ngoai ra, con xuat hién
peak & 20=31,7° chirng to su ton tai clia oxit sat (Fe,O, hoac
Fe,0,) [28] do vat liéu nano sit hoa trj 0 ¢6 céu tric 15i -
vo. Tai peak 20=25°, xuét hién dao dong manh, cho théy
su hién dién cua cac hop chit polyphenol, flavonoid hay
polysacchride co trong dich chiét 1a bang. Cac hop chat nay
tao thanh 16p mang bao quanh cac hat nano sit, va c6 vai
trd nhu chat hoat dong bé mat 1am giam qua trinh két tu cia
cac hat nano [29].

4000

Fe,0;

3000

2000

1000 m

Fe?

Cuong do (a.u.)

40 50 60

Goc nhidu xa (26)

20 30

Hinh 6. Gian d6 nhiéu xa tia X cua vat liéu nano sat.

is00 3000 1500
L 1 1

Céc nhém chirc ¢6 trong hdn hop tuong tac giita dich
chiét 1a bang va sat (IIT) duoc xac dinh thong qua pho FTIR.
Dua vao céac peak dao dong, co6 thé xac dinh duge cac nhom
chirc dic trung cua vat liéu nghién ctru. Trong phd FTIR
clia nano sit tong hop bang dich chiét 14 bang (hinh 7), cac
dinh hap thu & 1042,06 va 1321,43 cm! dugce cho 1a lién két
C-N va C-H c6 trong phenol va axit béo. Ciing ¢6 1 dinh hip
thy 1a 1573,72 cm™! dac trung cho lién két C=C cua vong
benzene c6 trong hop chat ctia flavonoid. Tir do, ta co thé
théy cac nhom chtrc déc trung cua lién két C=C, C-H, C-N
va O-H déu xuét hién trong phd FTIR cua dich chiét 14 bang
va nano sit, chtng t6 1a cac hop chit polyphenol, flavonoid
va céc axit béo 1a chat on dinh trong qua trinh tong hop tao
ra nano sit [23]. Dinh hép thu & 683,27 cm™ cho théy su dao
dong cua lién két Fe-O, diéu nay cho thiy nguyén tir Fe va
nguyén tir O ¢ su lién két trén bé mit cac hat nano sat [30].
Diéu nay ching minh ring, di tong hop thanh cong cac hat
nano sit tir dich chiét 14 bang.

3.3. Hiéu qua tong hop nano sat ¢ cdc diéu kién toi wu

Céc diéu kién khao sat (néng d6 Fe*', nhiét do, thoi gian)
tong hop sit nano dugc Iya chon thong qua kha nang kich
thich nay mam hat ngé. Hat gidng dugc xtr 1y bang cach
ngam U hat voi dung dich nano sit sau tong hop & cac didu
kién khao sat. Két qua vé anh huong cta ndng do sat (I11),
nhiét ¢ va thoi gian tong hop nano st dén kha nang kich
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Hinh 7. Phé hdng ngoai bién dbi Fourier cia nano sat.
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Hinh 8. Hat ndy mam sau 48 gi® & cac diéu kién xtr ly khac nhau.

thich nay mam hat ngo duwoc mo ta tai bang 2. Hat ngd nay
mam sau 48 gio gieo hat trong méi truong hiru co ¢ cac didu
kién xtr Iy khac nhau ciing dwoc thé hién tai hinh 8.

Két qua tai bang 2 cho théy, khi nano sit duoc tong hop
& cac ndng do sét (I11) khac nhau, c6 anh hudng t6i cac chi
s ty 18 nay mam (GP) va chi s6 stre sdng (V1) cua hat gidng.
Xtr 1y hat bang nano sat & cac ndng do sit (I1T) ban dau cho
ty 1& nay mam kha cao, déu dat trén 80%. Tai n6ng do st
(IIT) ban dau 1a 7,5 mM cho hiéu qua tong hop nano 1a t6t
nhét khi ty 1 nay mam ctia hat ngo dat 91,67%, chi s6 stc
song 1a 288,12 mm.

Bang 2. Anh hwéng ciia néng do sat (lll) ban dau dén kha ning
kich thich nay mam hat ngé.

Béng 3 mo ta cac két qua anh huong ciia nhiét d6 tong
hop nano dén kha ning kich thich nay mam hat ngd, cac
diéu kién nhi¢t do duoc khao sat tir 30 dén 70°C. Tai nhiét
d6 téng hop 1a 60°C, hiéu qua téng hop nano sit duge cho
1a tot nhét khi ty 18 nay mam (GP) va chi s strc song (VI) &
diéu kién tong hop nay 1a cao nhat, voi cac gia tri 1an luot 1a
94,02% va 338,06 mm. Anh huong ctia thoi gian tong hop
nano sit dén kha ning kich thich nay mam hat ngd duoc
trinh bay tai bang 4. Tai thoi gian tong hop 1a 50 phut, nano
sit tao thanh c6 kha nang kich thich nay mam la tot nhat, véi
ty 18 nay mam (GP) dugc ghi nhén 1a 98,33% va chi s sirc

séng cua hat ng6 1a 433,59 mm. Duya vao cac két qua trén,

A o @R R A 2 K o K N n 2 Z. 22 .
AEGYSLAULY WLy iin(@8)E)  GieiesgEyay lwa chon diéu kién tong hop toi vu dé tong hop nano sat nhu
1 mM 80,33%1,52 183,1549,65 A a2 . A AA A .

n sau: nong do sat (I1I1) 1a 7,5 mM, nhiét d¢ tong hop la 60°C,
2,5mM 84,67%1,52 252,05%+4,46 thoi i thne hoo 13 50 ohit
01 gian ton a ut.
5mM 85,33%:0,58 261,81%3,6 & £ hop p
7,5 mM 91,671,53 288,12449,27 Bang 4. Anh hwéng cuia thei gian tdng hop sit nano dén kha nang
10mM 81,331,53 229,46°45,43 kich thich nay mam hat ngé.

Bang 3. Anh hwéng cuia nhiét do tdng hop st nano dén kha nang  Thoi gian (phit) Ty 18 niy mim (GP) (%) Chi s6 sirc séng (VI) (mm)

kich thich ndy mam hat ngé.

- — 30 8142,65 211,71£17,52
Nhi¢t d9 (°C) Ty I¢ ndy mim (GP) (%) Chi s6 sirc séng (VI) (mm)
30 §3,33%42,08 2773846,14 40 90,33"+3,06 297,06"24,53
40 86,03%+2,65 282,8746,75 50 98 331,53 433,59:£19,6
50 89,12¢+3,0 296,75%+1,87

60 89,67°+2,52 317,59%23,52

60 94,02+42,64 338,066,56
70 89,33%+3,5] 266,316,18 70 90,33+3,51 322,44+11,82
%o“?fé NGHE 68(2) 2.2026 10
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3.4. Anh hwéng cia nano sat dén qud trinh ndy mam
va suc song cua hat giong

Vat liéu sit nano sau téng hop & diéu kién tdi wu, duogc
danh gia kha ning kich thich nay mam hat ngo thong qua
ty 16 nay mam (GP) va chi sb sirc séng (VI). Hat gidng ngd
duoc xu Iy nano sét & cac néng d6 khac nhau (1, 2, 3, 4,5
mg/l) va duoc so sanh véi hat gidng ngd khong duoc xir Iy
nano sit.

Két qua dugc chi ra tai bang 5 cho thdy, xur Iy nano sat
dem lai su thay ddi 16 rang va lam ting ty 1 nay mam cia
hat ngo so v&i khong xir 1y. Ngoai ra, khi hat giéng dugc xir
1y bang nano sat, chiéu dai cia mam, r& déu tang 1én dang
ké. Tai cac ndng do nano sit xir Iy déu c6 ty 16 nay mam 16n
hon 94%, dic biét tai hai ndng d6 xir Iy 1a 2 va 3 mg/l, ty 1é
nay mam cua hat 16n hon 98%, trong khi hat khong xir 1y
bang nano sét c6 ty 1¢ nay mam dat 75,33%. Ty 1¢ nay mam
ctia hat ngd duoc xir Iy nano cao hon ciing ¢ thé dugc giai
thich do cac nano khi tiép xuc v6i hat ngd trong qua trinh
xtr 1y, dd 1am ting d6 4m cua hat gidng va ciing c6 thé kich
thich cic mé mam hap thy nude [31]. Sy hinh thanh cac 16
nano gitip ting cudng kha nang hip thy nude, tao ra cac loai
oxy phan tng (ROS), tir do kich thich cac qua trinh phat
trién tiép theo ctia hat gidng, gop phan lam ting ty 1& nay
mam [32, 33]. Theo mot nghién ctru khac cta R. Lorrai va
cs (2018) [34] giai thich rang, ty 1& nay mam cua hat ting do
cac hat nano da thiic ddy qua trinh san xuét axit gibberellic
trong giai doan nay mam.

Bang 5. Cac chi s6 nay mam cua hat ngé khi dwoc xtr Iy bing
dung dich nano sat.

Dung dich xir Ij hatngd Ty I¢ nay mam (GP) (%)  Chisb sirc song (VI) (mm)

Nude cit 75,3343,055" 2232431¢
Nano sit | mg/l 94,6741,53% 302,83£61,54%
Nano sit 2 mg/l 98,00£2,00° 418,79+26,52
Nano sit 3 mg/l 98,6742,52¢ 479,5249,75¢
Nano sit 4 mg/l 95+2,65% 409,50+20,07
Nano st 5 mg/l 94,672,510 343,23+21 30

Chi s6 stc sdng (VI) cta hat gidng ¢ cac didu kién xir Iy
khéc nhau dugc chi ra tai bang 5, két qua cho thiy rang, khi
duge xir Iy bang nano c6 chi s6 VI cua hat cao hon so voi
mau ddi chimg khong xir 1y. Tai ndng d6 nano sat 3 mg/l,
hat ng6 c6 chi s6 VI 16n nhat 1a 479,5249,75 mm, két qua
nay c6 su khac biét cé y nghia véi p<0,05. Hinh 9 minh hoa
hat gidng xtr Iy bang nudce (hinh 9A) va hat gidng duge xur
ly bang dung dich nano sit & cac ndng do (hinh 9B-9F) sau
48 git gieo hat. Hat ngd giéng duoc xir Iy bang nano st co
chiéu dai mam va r& tot hon hat giéng xir Iy bang nudc. Dic
biét, hat gidng khi duoc xir Iy bang nano sit ¢6 bo ré& phat
trién manh, sau 48 gio s 1& 3-5 r&, chiéu dai ré gip 2 dén 3
lan chiéu dai ré cua hat giéng chi xir 1y hat bang nudc. Két
qua nay cho thay, nano sit duoc tong hop bang dich chiét 1a
bang c6 hi¢u qua kich thich qua trinh ndy mam ¢ hat ngé va
két qua nay ciing phit hop v6i cac nghién ctru khac khi danh

Hinh 9. Hat dworc xiv ly nano sat & cac ndng dé. (A) Déi chirng bang nwéc; (B) 1 mg/l; (C) 2 mg/l; (D) 3 mg/l; (E) 4 mg/l; (F) 5 mg/l.
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gi4 kha nang kich thich nay mam ddi voi hat ngd [21, 35].
Nghién ctru cta P. Acharya va cs (2020) [36] da chi ra rang,
hat gidng dugc xir Iy bang nano 1a mot trong nhing phuong
phéap thanh cong dé cai thién chi sé strc sdng ciia hat gidng,
do céc hat nano gitr cho mang té bao hat giéng khoé manh,
nguyén ven, hoat dong hiéu qua hon, tir 46 dan dén hiéu sut
phosphoryl ho4 cao hon, tao ra nang lugng cao hon dé kich
hoat qué trinh trao d6i chét, gitp toc do phat trién cia hat
gidng ting lén. Xir Iy hat gidng bang nano cho thay, tiém
nang thic day su phat trién ciia hat gidng va cdy con, tao ra
anh huong dang ké dén san luong cdy trong. Piéu nay c6
thé chimg minh xtr Iy hat giéng bang nano s& 1a mot trong
nhiing cong cu dﬁy htra hen dé t6i wu hoa hiéu suét cua hat
gidng, qua d6 gop phan vao viéc phat trién phuong phap
canh tic nong nghiép bén viing.

4. Két luan

Téng hop nano st bang phuong phép sir dung dich chiét
1a bang lam chat khir v6i nong do sat (I11) 1a 7,5 mM, nhiét
d6 60°C, thoi gian 50 phut cho hiéu qua nhat khi danh gia
kha nang kich thich nay mam hat ngo. Vat liéu nano sét tao
thanh la cac hat c6 dang hinh cau, phan tan thanh cac cum
hat nano, kich thudc trung binh 80 nm, ¢6 cAu trac 16i - vo
va cac hop chét polyphenol, flavonoid hay polysaccharide
¢6 trong dich chiét 14 bang, tao thanh 16p mang bao quanh
céc hat nano sit, co vai tro nhu chét hoat dong bé mat, lam
giam qua trinh két tu cuia cac hat nano. Nano st tao thanh c6
kha nang kich thich kha ning nay mam cua hat giéng ngd.
O ndng do xir Iy hat gidng 1a 3 mg/l, nano sat lam ting ty 1&
nay mam hat ngo dat 98,67+2,52% va chi s6 strc séng cua
hat ng6 dat 479,52+9,75 mm.
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Toi wu diéu kién say bom nhiét ket hop bikc xa hong ngoai cho ca dira
Pangasius krempfi

Hoang Thai Ha", Ping Xuin Cwdng', Vii Quang Vinh? Tran Tuin Kiét?, Lé Thanh Pat', Poan Hoang Thai',
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Tom tat:

C4 dira (Pangasius krempfi) 12 10ai thity san c6 gia tri cao, nhung cic phwong phap sy truyén théng nhw phoi ning va siy 1o
thong thudng c6 mot s6 han ché, bao gdm thoi gian siy kéo dai, chét lrong san phadm khong dong déu va kiém soat quy trinh
han ché. Nghién ciru nay nhim ti wu héa qua trinh sy c4 dira bang cong nghé siy két hop bom nhiét va birc xa hong ngoai.
Thi nghiém dwgc thiét ké theo phwong phap bé mit dap ing (RSM) véi bén yéu 6 khao sat: nhiét d siy (40-60°C), vén toc
gi6 (1-3 m/s), chidu day nguyén li¢u (1-2 cm) va néng do dung dich sorbitol (5-25%). Cac chi tiéu danh gia gom: thoi gian
sdy, ty 1¢ hoan nguyén, diém cam quan va hoat d9 nlr()'c Dt'r li¢u dwgrce xir Iy bang phwong phap hoi quy bac hai va phﬁn tich
phu’0'ng sai (ANOVA). Két qua cho thay, nhiét d¢ say va nong do sorbitol c6 dnh hwéng dang ké dén cac chi tleu chit luwong

san pham (p<0,01). Dleu kién t6i wu gom: nhiét do 60°C, van toc gi6 1,4 m/s, chiéu day nguyén li¢u 1,0 cm, nong do sorbitol
5%, gitup dat thoi gian say 5,2 gio, ty 1¢ hoan nguyén 63%, cam quan 18,34/20 va hoat do nuwéc 0,57. Két qua gép phan hoan
thién co sé khoa hoc cho tng dung cong nghé sz"ty két hgp trong ché bién c4 dira va cac sén pham thiiy san twong tu.

Tir khda: birc xa hdng ngoai, ca dira (Pangasius krempfi), chi tiéu chét lrgng sin phim, siy bom nhiét, tdi wu héa.

Chi 56 phin logi: 2.10, 4.5

Optimisation of infrared radiation-assisted heat pump drying
for Pangasius krempfi

Thai Ha Hoang!", Xuan Cuong Dang', Quang Vinh Vu?, Tuan Kiet Tran?, Thanh Dat Le!, Hoang Thai Doan’,
Duy Thuan Tran', Thuy Nga Nguyen', Dinh Toan Anh Tran!
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Abstract:

Pangasius krempfi is a high-value aquatic species; however, traditional drying methods such as sun drying and
conventional kiln drying present several limitations, including extended drying time, inconsistent product quality,
and limited process control. This study aimed to optimise the drying process of P. krempfi using a hybrid drying
technology combining a heat pump and infrared radiation. The experimental design followed response surface
methodology (RSM) with four independent variables: drying temperature (40-60°C), air velocity (1-3 m/s), material
thickness (1-2 cm), and sorbitol concentration (5-25%). Evaluation criteria included drying time, rehydration rate,
sensory score, and water activity. Experimental data were analysed using second-order regression and analysis of
variance (ANOVA). The results indicate that drying temperature and sorbitol concentration had a significant impact
on product quality parameters (p<0.01). The optimal conditions were determined as a drying temperature of 60°C,
an air velocity of 1.4 m/s, a sample thickness of 1.0 cm, and a sorbitol concentration of 5%, yielding a drying time of
5.2 h, a rehydration rate of 63%, a sensory score of 18.34/20, and a water activity of 0.57. These findings contribute
to strengthening the scientific basis for the adoption of combined drying technologies in the processing of P. krempfi
and similar aquatic products.

Keywords: heat pump drying, infrared radiation, optimisation, Pangasius krempfi, product quality parameters.
Classification numbers: 2.10, 4.5
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1. Dt van de

Ca dira, mot loai ca dong co kich thude trung binh, ndi
bat véi tde do sinh trudng nhanh va gia tri kinh té cao nho
vao thit ca twoi ngon va d& ché bién. Ca dra truong thanh co
thé dat kich thudc 38-45 cm sau 2 ndm nudi va c6 thé sdng
dén 4-5 nam hodc 1au hon trong moi truong tu nhién. Hién
nay, san phém ca dtra chu yéu duoc ché bién dudi dang tuoi
(d6ng lanh, uwép mudi) va kho, trong d6 ca dira kho ngay
cang dugc wa chudng vi kha nang bao quan lau dai va tinh
linh hoat trong ché bién thanh cic mén an hip dan.

Tuy nhién, viéc siy kho ca dira hién nay van chi yéu ap
dung cac phuong phép truyén thong nhu phoi ning hodc say
bang 16 thu cong. Nhitng phuong phap nay c6 nhiéu nhugc
diém nhu: phu thudce vao diéu kién thoi tiét, chit luong san
pham khong dong déu, ton dién tich va cong lao dong phu,
ddng thoi kho ¢ thé co gidi hoa hay ty dong héa quy trinh.
Céc nghién ctru trude day da chi ra rang, viée sit dung cac
cong nghé say hién dai nhu sdy lanh két hop véi birc xa hdng
ngoai va bom nhiét ¢ thé khic phuc nhitng nhuoc diém nay
va mang lai nhiéu loi ich vuot troi trong ché bién thuc phém
thity san [1-3]. Trong khi phuong phap sdy truyén théng
nhu phoi ning hodc sdy bang 16 thii cong thuong mét nhiéu
thoi gian va co chét luong san pham khong dong déu [4],
phuong phap siy lanh két hop birc xa hong ngoai gitip giam
thoi gian sy va dam bao chit lugng san phdm duoc bao
toan. Sdy bang birc xa hong ngoai ddc biét hitu ich trong
viéc gia nhiét nhanh chéng ma khong lam giam chat lugong
ctia cac thanh phan hoa hoc va dinh dudng trong ca dia.
Hon nita, khi két hop v6i bom nhiét, phuong phép nay gitp
duy tri nhiét do on dinh, giam thiéu su bién tinh cua nguyén
lidu, dong thoi tiét kiém ning luong va ting hiéu qua san
xuét [5-7]. Trong ché bién thiy san, dic biét voi cac loai ca
c¢6 ham luong dam cao nhu cé4 dta, cong doan sdy dong vai
tro quan trong trong viéc kéo dai thoi han bao quan va nang
cao gia tri str dung. Tuy nhién, cdc phuong phap sdy truyén
thdng nhu phoi ning hodc siy nhiét cudng birc thuong kéo
dai 10-18 gio, gy ton that cam quan, giam kha ning hoan
nguyén va tiéu ton nhiéu ning luong. Didu nay dit ra nhu
cau cap thiét vé cac giai phap sdy tién tién, co kha ning rat
ngin thoi gian xir 1y, tiét kiém ning luong va duy tri chat
luong san pham sau sdy.

Trong bdi canh d6, cong nghé siy bom nhiét két hop
buc xa héng ngoai dang nhan duoc nhiéu su quan tdm nho
kha ning kiém soat nhiét & on dinh, giam ton hao nhiét va
dé trién khai & quy mé vira va nho. Viéc nghién ciru va tmg
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dung cong nghé nay cho ca dia - mot loai cé c6 gia tri kinh
té cao nhung chua duoc nghién ciru chuyén sdu vé t6i uu
quy trinh sy 13 hét stc can thiét. Khac véi cac nghién ciru
trugc ddy, chi chii yéu tap trung vao cac ddi tuong nhu ca
com hodc myc, nghién ctru ndy 1a céng bd dau tién ap dung
ddng thoi cong nghé siy bom nhiét va birc xa hdng ngoai
cho ca dira. Két qua khong chi chiing minh hiéu qua cong
nghé méi trong viéc giam thoi gian sy hon 50%, ma con
dam bao chit luong cam quan va an toan thuc pham, dap
ung yéu cau cua thi truong hién dai.

Vé mit hoc thuat, nghién ctiru déng gop bang cach xay
dung md hinh t6i wvu héa da muc tiéu thong qua phuong
phap RSM két hop thiét ké trung tdm xoay (CCD), phan
tich twong quan, hdi quy va kiém dinh thong ké. Nhiing két
qua dat dugc tao tién dé khoa hoc viing chic cho viéc mé
rong tng dung cong nghé say két hop trong nganh thuy san,
dong thoi 1am rd dinh hudng chuyén giao cong nghé cho cac
doanh nghiép ché bién trong nudc, dic biét trong bdi canh
yéu cau chat luong cam quan va vé sinh an toan thyc pham
ngay cang tang.

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

Cé dira tuoi sir dung trong nghién ciru c¢6 khdi lwong
300-500 g/con, dugc thu mua khi con sdng tir huyén Can
Gio, TP. H6 Chi Minh, véi do am ban dau 75,30%. Cé dugc
so ché cling quy trinh va thyc hién trong cting ngay nham
dam bao tinh dong nhét vé nguyén liéu va giam sai s6 ngiu
nhién gitra cac nghiém thirc. Ca dwoc gy mé nhe bang cach
ngam da, sau d6 bao quan bang da lanh trong thung x6p
cach nhiét va chuyén vé phong thi nghiém Truong Pai hoc
Cong Thuong TP. H6 Chi Minh. Tai phong thi nghiém, ca
dugc rira bang dung dich nudc mubi 1% trong 5 phut dé
loai bo tap chat, sau d6 ngdm trong dung dich sorbitol (5-
25%) tuy theo ting thi nghiém trong 30 phiit nhim ting
kha nang tai hydrat hoa (hoan nguyén) va gitt mau ty nhién.
Tiép theo, ca dugc chan nhanh trong nudc s6i 90°C trong
15 gidy, dé rao, ri sdy bang thiét bi bom nhiét két hop burc
xa héng ngoai dén khi dat do 4m 22+0,3%. Qua trinh séy
dugc theo dai lién tuc va két thuc khi khdi lugng mau on
dinh trong 2 14n can lién tiép cach nhau 30 phut, tvong tmg
d6 4m xac dinh dat 22+0,3% theo phuwong phép say dén khoi
luong khong ddi & 105°C. Trong qué trinh xir 1y so by, ca
dira duoc rira bang dung dich nudc mudi 1% trong 5 phut
theo ty 1¢ 1:5 (W/v) dé loai bo nhét va vi sinh vat bam ngoai,
phi hop véi quy trinh xir 1y ¢ bién da dugc cong bd [2, 5].
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Sau do, ca dugc ngdm trong dung dich sorbitol 2-12% vai ty
1€ nguyén li¢u:dung dich 1:4 (w/v) trong 30 phut, dam bao
ngap mau hoan toan khi st dung khay chtra phu hop. Tiép
theo, mau dugc chan nhanh & 90°C trong 15 gidy, véi ty 18
nuée chan 1:4 (w/w), nham bat hoat enzyme, 6n dinh mau
va chuin hoa diéu kién true sdy. Cac thong sé nay dugc
xéc 1ap tir tai liéu tham khao va diéu chinh qua khao sat so
b6 dé phi hop vai dac diém mé co mém va ham lwong nude
cao cua ca dua [2, 3].

2.2. Phwong phdp nghién ciru
2.2.1. Phuong phap nghién cieu thuc nghiém

Thi nghiém duoc thiét ké theo phuong phap RSM, cu thé
1a str dung mé hinh CCD nhim danh gi4 anh huéng dong thoi
ctia bon yéu td: néng dg sorbitol (Z, %), nhiét do séy 2,
°C), van tdc gi6 (Z,, m/s) va chiéu day nguyén lidu (Z,, cm)

s Khoa hoc K§ thuat va Cong nghé | Ky thuét thuc phdm va dé uéng; Khoa hoc Néng nghiép | Thiy san

dén thoi gian sy (Y, h) va cac chi tiéu chat lugng san pham.
Trong do, Y : Thoi gian sdy (gio) - phan anh hiéu sudt qua
trinh séy, Y,: Ty 1€ hoan nguyén (%) - kha nang hat nude
trd lai ctia san pham sau sdy, Y. Piém chét luong cam quan
(thang diém 20) - danh gia cam quan tong hop (mau, mui,
vi, trang thai), Y,: Hoat d0 nudc (a, ) - chi sb lién quan dén
kha ning bao quan va 6n dinh vi sinh. Muc tiéu cta nghién
ctru 1 xay dung md hinh toan hoc mé ta mdi quan hé giira
cac yéu td dAu vao va cac bién diu ra, tir d6 t6i wu hoa didu
kién séy dé dat duoc chat lugng san phém cao nhat trong
thoi gian siy ngin nhit. S6 lugng thi nghiém duoc xac dinh
dua trén mo hinh CCD, bao gém céc diém tam, diém gbc va
diém sao, voi téng s6 20 thi nghiém. D liéu dugc ma hoa
theo hé toa d6 khong thir nguyén dé chuan hoa gia tri thuc
nghiém, gitip xay dung mo hinh hdi quy bac hai (bang 1).

Bang 1. Thiét ké thi nghiém cong doan say bom nhiét két hop birc xa hdng ngoai ca dira.

TN Z Z Z Z X X X X X

1 2 3 4 1 2 3 4 12

X X X X X Y Y. Y Y

13 14 23 24 34 1 2 B 4

1 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
2 40,0 1,0 2,0 250 -1 -1 +1 +1 -1 -1 -1 +1 +1 +1
3 60,0 1,0 1,0 250 +1 -1 -1 +1 -1 -1 +1 -1 ol -1
4 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
5 60,0 3,0 1,0 25,0 +1 +1 -1 -1 +1 +1 +1 -1 +1 -1
6 60,0 3,0 2,0 25,0  +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
7 40,0 3,0 1,0 250 -1 +1 -1 +1 -1 +1 -1 -1 +1 -1
8 40,0 30 1,0 50 -l +1 -1 -1 -1 +1 +1 -1 -1 +1
9 60,0 1,0 2,0 5,0 +1 -1 +1 +1 -1 +1 +1 -1 -1 +1
10 60,0 3,0 2,0 5,0 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1
11 40,0 10 20 50 -l -1 +1 -1 +1 -1 +1 -1 +1 =il
12 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
13 60,0 30 1,0 50  +l +1 -1 -1 +1 -1 -1 = -1 +1
14 40,0 1,0 1,0 250 -1 -1 -1 +1 +1 +1 -1 -1 -1 -1
15 50,0 2,0 1,5 150 0 0 0 0 0 0 0 0 0 0
16 40,0 1,0 1,0 50 -1 o -1 -1 +1 +1 +1 +1 +1 +1
17 60,0 1,0 2,0 250 +1 -1 +1 +1 -1 +1 +1 -1 -1 +1
18 40,0 3,0 20 250 -1 +1 +1 +1 -1 -1 -1 +1 +1 +1
19 40,0 3,0 2,0 5,0 -1 +1 +1 -1 -1 -1 +1 +1 -1 -1
20 60,0 1,0 1,0 5,0 +1 -1 -1 -1 -1 -1 -1 +1 +1 +1

Z,: nhiét do séy (°C); Z,: van toc gié (m/s); Z,: chiéu day nguyén liéu sdy (cm); Z,: ndng do sorbitol ngam nguyén liéu (%); Y.: thoi gian séy kho san
phadm (gio); Y,: ty 1& hoan nguyén ciia san pham (%); Y,: tong diém chét lvong cam quan (diém); Y,: hoat do nwdc san pham.
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Céc yéu t6 dau vao dugc ma hoa theo hé toa do khong
thir nguyén nham chuin hoa gia tri thuc nghiém, gitip so
sanh va xay dung mé hinh hdi quy bac hai. Cong thirc ma
hoéa dugc ap dung nhu sau:
Zi—Zy
Az

trong do: X, 1a gia tri ma hoéa cua bién; Z la gia tri thuc
nghiém; Z la gia tri trung tdm; AZ la khoang bién thién cua
bién d6. Mi hoa theo cong thirc nay gitip mé hinh hdi quy
dat tinh dong nhét vé don vi va thuan loi trong xtr 1y thong
ké.

Mb hinh hdi quy bac hai c6 dang tong quat:

Y =B+ X 8 Xi+ Y2 BuXi + X BiiXiXj+e (2

trong do: X la cac yéu t6 ddu vao da ma hoa; £ 1a cac hé sb
hdi quy; & 14 sai s6 ngau nhién.

M6 hinh nay duoc kiém tra d6 phu hop thong qua
ANOVA, vdi cac tiéu chi: (1) Hé s6 xac dinh, (R?): Kiém
tra murc d6 phi hop ctia mé hinh; (2) Gia tri p-value: Néu
p<0,05, yéu t6 c6 anh huong dang ké; (3) Kiém tra Lack of
Fit: Néu p>0,05, mé hinh dugc xem la phi hop; (4) Panh
gid trong tac cac yéu td qua biéu dd Contour Plot va Surface
Plot.

Téi wu héa duge thyc hién bang ham mong mudn
(Desirability function) trong Statgraphics Centurion XVI,
nham tim diéu kién t6i wu cho thoi gian séy ngén nhit, ty 1€
hoan nguyén cao nhét, diém chét luong cam quan cao nhét
va hoat d6 nudc thap nhit. Téi wu hoa khong duoc thyc
hién riéng 1¢ timg muc tiéu ma sir dung ham mong mudn
tong hop, két hop dong thoi bdn muc tiéu dau ra. Mdi bién
dau ra Y, duoc chuyén thanh mt ham con mong mudn d,
trong khoang [0,1], phan &nh mtrc d§ hai long theo hudng
t6i wu: d, 1a t5i thiéu héa Y (thoi gian sdy), d, 1a ti da hoa
Y, (ty 1¢ hoan nguyén), d, la t6i da hoa Y, (cam quan), d, 1a
toi thieu hoa Y, (hoat d nude). Ham tong hop D duogc tinh
theo cong thuc:

D=(d,xd xd xd,)" 3)

Gia tri D cang gan 1 cho thiy murc d6 t6i uu tong thé
cang cao. Phan mém Statgraphics Centurion XVI (phién
ban 16.1.11 - StatPoint Technologies, Inc., Hoa Ky) dugc
sir dung dé xéac dinh t6 hop diéu kién déu vao twong tng véi
gia tri D cuc dai.
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Ty 1€ hoan nguyén (rehydration ratio) dugc tinh theo
cong thuc:

T§ 18 hoan nguyén (%) = (2 x 100
1

“
trong d6: m, 14 khdi lrong mau sau sdy; m, la khéi luong
sau khi ngdm trong nudc ct & nhiét dé phong trong 10 phat
va dé rao nudc. Chi sé ndy phan anh kha ning hat am tro
lai ctia san pham say, 1a mot tiéu chi quan trong trong danh
gia chét luong két cAu va kha niang phyc hdi hinh dang thuc
pham khé.

Dit liéu thi nghiém cho thy, nhiét do sdy (Z,) dao dong
tir 40 dén 60°C v&i gid tri trung binh 50°C, trong khi véan toc
gi6 (Z,) thay déi tir 1,0 dén 3,0 m/s véi trung binh 2,0 m/s.
Chiéu day nguyén liéu (Z,) dao dong tr 1,0 dén 2,0 cm, con
nong do sorbitol (Z,) c6 khoang gia tri tir 5 dén 25%. Méi
to hop thi nghi€ém dugc thuc hién voi ba lan 1ap lai doc lap
(n=3) (bang 1). Hinh anh trong bai chi mang tinh minh hoa
mot phan quy trinh, khong dai dién cho toan bd s6 lugng
mau thuc nghiém.

2.2.2. Phwong phdp xdc dinh cdc théng sé cong nghé

Nhiét do siy do bang thiét bi SGK-MF-904 (Hong
Kéng, sai s6 £0,5°C). Van tdc gié do bang Testo 405 - V1
(Puc). Nong do sorbitol sir dung dung dich tinh khiét tir
Merck (Dirc). Po 4m vit liéu sdy xac dinh bang phuong
phap siy dén khéi luong khong dbi ¢ 105°C. Hoat do nudc
(a,) dugc xac dinh bﬁng may do hoat d§ nudc LabMaster-
aw (Novasina, Thuy Sy) theo phuong phap dién tro/dién
dung & nhiét d6 phong (25+1°C). Mdi mau dugc do 3 1an va
liy trung binh. Ty 1¢ hoan nguyén (Hw, %) xac dinh bang
cach ngdm mau sdy kho trong nudc cat, can khdi luong
true (m,) va sau ngdm (m,) dé tinh todn.

H, = 2" (%) Q)

my

Chat lwong cam quan (Q, diém) danh gia theo TCVN
3215:1979 trén thang diém 20. Xac dinh vi sinh vat
theo cac tiéu chuan TCVN: tong s6 vi sinh vat hiéu khi
(5367:1991), E. coli (7924-2008), Coliforms (4882:2007),
Salmonella (4829:2005), Vibrio cholerae (7905-1:2008),
Staphylococcus aureus (4830-1:2005).

2.2.3. Phwong phdp xit Iy s6 liéu

Mbi nghiém thirc duge 1ap lai ba lan. Dir lidu dugc
phan tich bang phuong phap théng ké, kiém dinh ANOVA,
md hinh hoi quy bac hai va t6i wu héa bang phan mém
Statgraphics Centurion XVI, phién ban 16.1.11 (StatPoint

n



Technologies, Inc., Hoa Ky) va Excel. Biéu dd Contour Plot
va Surface Plot duoc sir dung dé trye quan hoa xu huéng dir
lidu va tim diém t6i wu nhat. V& d6 thi bang Python. Mic du
nghién ctru chua trién khai phan tich d§ nhay riéng biét cho
ting bién, nhung d6 tin cdy ctia mé hinh dugc danh gia gian
tiép thong qua ANOVA. Cac khoang tin ciy 95% va sai sO
chudn cua hé sb hdi quy déu duoc kiém tra trong mé hinh,
dam bao do chinh xéac khi du doan va xac dinh diém téi wu.

3. Két gua va ban luan
3.1. Téi wu thuwe nghiém séy cd diva
3.1.1. Phan tich thong ké, twong quan va ANOVA

Két qua tdi wu hoa thuc nghiém séy c4 dia dugc thé hién
O bang 2.

Bang 2. Két qua thwc nghiém theo ma tran thi nghiém céng doan
say bom nhiét két hop birc xa héng ngoai ca dira.

™ z, z, Z, Z, Y, Y, Y, Y,

1 500 20 15 150 62 60 18 0,71
2 400 1,0 20 250 78 565 1688 088
3 600 10 1,0 250 55 61,8 1808 0,63
4 500 20 15 150 62 60 18 0,71
5 600 30 1,0 250 53 622 1828 061
6 600 30 20 250 58 62 18,15 0,71
7 400 30 10 250 68 579 1768 087
8 400 30 10 50 55 585 1788 065
9 600 1,0 20 50 64 624 1818 0,67
10 600 30 20 50 62 623 1816 0,68
11 400 1,0 20 50 68 579 1782 085
1250 20 15 150 62 60 18 0,69
13 600 30 1,0 50 52 628 1828 051
14 400 1,0 10 250 76 571 1698 086
15 500 20 15 150 62 60 18 0,71
16 400 10 10 50 66 588 1797 0,78
17 600 10 20 250 61 61,5 1805 066
18 400 30 20 250 65 57,5 1732 084
19 400 30 20 50 53 58 17,78 0,73
20 600 1,0 10 50 50 63 1838 0,56

Z,: nhiét do séy (°C); Z,: van toc gi6 (m/s); Z,: chiéu day nguyén liéu sdy
(cm); Z,: ndng dd sorbitol ngadm nguyén ligu (%); Y,: thoi gian sy kho
san pham (gio'); Y,: ty 1& hoan nguyén cda san pham (%); Y,: téng diém
chat lwgng cam quan (diém); Y,: hoat do nwdc san pham.
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Vé cac bién dau ra, thoi gian sdy trung binh 1a 6,16
gio, ty 1¢ hoan nguyén trung binh dat 60,01%, chét lugng
cam quan dat mac 17,89 diém va hoat do nudc trung binh
1a 0,715 (bang 2). Nhiét do sdy (Z,) c6 mdi twong quan
manh véi ty 1¢ hoan nguyén (Y,, R=0,967) va chét luong
cam quan (Y,, R=0,743), diéu nay cho thdy nhiét do co
anh huong quan trong dén kha ning tai hydrat héa (hoan
nguyén) va dic tinh cdm quan cua san pham. Hoat d6 nudc
(Y,) c6 twong quan nghich véi nhigt do sdy (Z,, R=-0,787),
nghia la khi nhiét d6 tdng, hoat dd nude giam, gitip bao quan
san pham tt hon. Trong khi do, van tdc gio (Z,) va chiéu
day nguyén li¢u (Z,) c6 tuong quan yéu véi cac bién dau ra,
cho thay ching c6 anh huong nhung khong dang ké. Phan
tich phuong sai cho thdy, thoi gian siy (Y,) chiu anh huong
manh nhét tir nhiét d siy (F=14,02, p=0,002), toc do gié va
ndng do sorbitol ciing c6 anh huong dang ké (p<0,05), ty 1é
hoan nguyén (Y,) chiu anh hudéng rat manh tir nhiét do sdy
(F=12,10, p=0), trong khi ndng do sorbitol ciing cé tac dong
déng ké (F=48,94, p<0,0001), chat luong cam quan (Y,) bi
anh huong dang ké boi nhiét do sdy (F=40,00, p<0,001) va
néng dd sorbitol (F=13,32, p=0,003), hoat do nudce (Y,) phu
thugc chu yéu vao nhiét do siy (F=65,39, p=0), v4i mot
mirc anh huong dang ké tir chidu day nguyén liéu va nong
do sorbitol.

3.1.2. Phan tich héi quy, t6i wu héa va d chinh xdc cia
mo hinh

Tu dir liéu thuc nghiém, cic phuong trinh hoi quy bac
hai dwoc xdy dung dé mo ta anh hudng cia cic bién diu
vao (X -X,) va cac tuong tac dén cac bién dau ra (Y,-Y).
Céc md hinh hdi quy cho d phi hop tir trung binh dén cao
(R? dao dong 0,683-0,988), trong d6 md hinh dy doan ty 1€
hoan nguyén (Y,) c6 d6 phu hop rat cao. ANOVA cho bén
phuong trinh hdi quy bac hai mé ta anh huong cia cac yéu
t6 dén thoi gian siy (Y)), ty 1€ hoan nguyén (Y,), cam quan
(Y,) va hoat do nudc (Y,) duoc trinh bay trong bang 2. Két
qua cho thay, cac yéu tb X, (nhiét d6 sdy) va X . (ndng do
sorbitol) ¢6 anh huéng dang ké dén Y, va 'Y, v6i p<0,01.
X, anh hudng rat manh dén Y, (p=2,36x10"°), khing dinh
vai tro quyét dinh ctia nhiét do d6i véi chat luong phuc hoi
sau sdy. Yéu t6 tuong tac X xX, ciing ¢6 anh hudng dang
ké dén cam quan (p=0,0247). Cac gié tri p nho cho thay, cac
mb hinh x4y dung 14 c6 ¥ nghia thong ké va phu hop véi dit
liéu thuc nghiém. Phéan tich mdi twong quan gitra cac bién
va ham muc tiéu cho két qua nhu sau:
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Thoi gian say kho san pham (gio):

Y, = 10,99 - 0,123X, - 1,37X, - 1,21X, + 0,197X, +
0,026X X, + 0,045X X, - 0,0029X X, - 0,175XX, -
0,018X X, (6)

Kha ning hoan nguyén cua san pham (%):

Y, = 60,01 + 4,475X, + 0,275X, - 0,5X, - 0,9X, -
0,125X X, + 0,1X X, + 0,15X, X, + 0,1X,X,+ 0,4X,X, + 0,1
25X X, (7)

Chét lugng cam quan (diém):

Y,= 17,00 + 0,035X + 0,55X, - 0,376X, - 0,107X, -
0,011X, X, +0,001X X, + 0,009X,X, +0,013X,X,  (8)

Hoat d6 nudc san pham:

Y, = 0,7155 - 0,17875X, - 0,03625X, + 0,06875X, +
0,07875X, + 0,03375X X, - 0,03375XX, - 0,03125X X, +
0,03625X X, - 0,03875X X, (9)

Phuong trinh (6) cho thay, nhiét do siy c6 hé s6 am
(-0,123) dén dén khi nhiét do tang, thoi gian siy giam nhe.
Téc do gi6 va chiéu day nguyén liéu c6 anh huéng manh
(-1,37 va -1,21), nén khi toc do gié ting hodc chiéu day
giam, thoi gian say ngan hon. Nong d¢ sorbitol c6 hé s6
dwong (+0,197) nén khi ndng do sorbitol ting, thoi gian siy
dai hon. Cac tuong tac X X, X X, X X, c¢6 anh huong nho,
nén sy két hop cua cac yéu to ¢6 thé t6i uu héa hodc lam
cham qua trinh sdy. Phuong trinh (7), thiy nhiét d6 siy c6 hé
s6 duong 16n (+4,475), nén nhiét d6 cao giup tang kha ning
hoan nguyén. Chiéu day nguyén liéu va ndng do sorbitol co
hé s6 am (-0,5; -0,9), nén khi nguyén liéu day hodc ndng
do sorbitol cao, ty 16 hoan nguyén giam. Toc do gi6 c6 anh
huong rat nho (+0,275) nén anh huong khong dang ké dén
kha nang hoan nguyén. Cac tuong tac nhu X X, (+0,15) va
XX, (+0,4) c6 y nghia, do vay su két hop ctia nhiét do,
toc do gid va sorbitol anh hudng dén ty 1€ hoan nguyén.
Phén tich phuong trinh (8) thy, toc d6 gié c6 hé sé duong
16n (+0,55), do d6 téc d6 gié cao giup san pham c6 chat
luong cam quan t6t hon. Chiéu day nguyén liéu va ndng do
sorbitol ¢6 hé s6 am (-0,376; -0,107), dan dén nguyén liéu
day va ndng do sorbitol cao ¢ thé 1am giam chét lwong cam
quan. Nhiét d6 siy c6 anh huong rat nho (+0,035), nén nhiét
d6 khong anh huong dang ké dén chét lugng cam quan.
Tuong tac X, X, (+0,013) c6 anh huong, nén can t6i wu hoa
chiéu day nguyén liéu va nong do sorbitol dé dat chat luong
cam quan tot nhat. Phan tich phuong trinh (9) thay, nhiét do
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sdy c6 hé s6 am 16n (-0,17875), nén nhiét d6 cao lam giam
hoat &6 nude, gitip bao quan tét hon. Chiéu day nguyén lidu
va néng do sorbitol co hé sb duong (+0,06875, +0,07875),
do d6 nguyén liéu day va nhiéu sorbitol giit nuéc nhidu hon.
Tbc d6 gi6 co hé s6 nho (-0,03625), nén tdc do gié cao gitp
giam hoat d6 nudc nhe. Tuong tac X X, va X X, c6 anh
hudng nho, do vy anh huong khong dang ké dén hoat do
nuac.

Bang 3. Gia tri p tir phan tich phwong sai cho cac yéu té va twong
tac trong mé hinh héi quy bac hai.

2oz Y Y Y Y
Yeéu to L LA A 3, ' A
(Thoi gian say)  (TY I¢ hoan nguyén) (Cam quan) (Hoat d9 nudc)

X, 0,1312 2,36E-09 0,00032 0,00082

X, 0,1022 0,3266 0,3836 0,1940

X, 0,6033 0,1377 0,9411 0,1713

X, 0,1807 0,00527 0,00592 0,1399

X xX 0,1441 0,0816 0,02470 0,1391

Két qua bang 3 cho thdy, nhiét do sdy (X,) 1a yéu t6 anh
huong chii dao dén ca bon chi tiéu dau ra, dic biét ddi véi
ty 1¢ hoan nguyén va hoat d6 nuéc. Trong khi d6, nong do
sorbitol (X,) cling gop phan dang ké trong cai thién chét
luong cam quan va phuc hoi do am. Mot sd twong tac nhu
X *X, ¢6 anh huéng dang ké dén cam quan, cho thiy vai
tro phoi hop gitra yéu to nhiét va toc do gié can dugc xem
xét khi t6i uu héa cong nghé siy. Phan tich méi twong quan
giita cac ham muc tiéu cho thiy, ty 1& hoan nguyén (Y,) phu
thudc vao thoi gian séy (Y,) vahoat d nude (Y,): Y,=64,12-
3,15Y -8,42Y ; chat lwong cam quan (Y,) c6 quan h¢ tuyén
tinh v6i thoi gian say (Y,) va hoat do nude (Y,): Y,=18,75-
0,62Y -1,2Y,; hoat d§ nuéc (Y,) phu thudc vao thoi gian
sdy (Y)): Y,=0,85-0,05Y,. Diéu nay dong nghia, thoi gian
sdy dai hon (Y, tang) 1am giam ty 1€ hoan nguyén (Y,) va
diém cam quan (Y,). Hoat d6 nude (Y ) thap c6 loi cho chét
luong cam quan (Y,), nhung néu qua thap s& anh huong dén
ty 1¢ hoan nguyén (Y ), can tdi wu Y, dé dam bao Y,vay,
dat gia tri tot nhat, dong thoi kiém soat Y , & murc phu hop.
Ung v6i cac didu kién nay, chat luong san phdm dat mirc
t6t nhat véi thoi gian say ngin (5,2 gid), hoat d6 nudce thap
(0,57), ty 1& hoan nguyén cao (63%) va diém cam quan tdi
da (18,34 diém).
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Hinh 1. Anh hwéng cia nhiét do siy va ndng do sorbitol dén ty I& hoan nguyén clia san pham ca dira (A); diém cam quan (B); hoat dé

nwéce (C).

Phan tich d6 chinh xac ctia md hinh thz?'ly dugc,R*cuaY ,
Y, Y,, vaY, tuong tmg 0,683, 0,988, 0,801, va 0,862 voi
d6 sai s6 trung binh binh phuong tuong tmg 0,412, 0,222,
0,176, va 0,038. M6 hinh duy doan Y, ¢6 d6 phu hop rat cao
(R?=0,988). Cac mo hinh du doan Y, va Y, cling ¢6 d chinh
xdc tét (R*>0,8). M6 hinh du dodn Y, c6 do phu hop thap
hon (R?=0,683), nghia 14 con nhiéu yéu t6 chua dugc mo
hinh giai thich. Kiém tra Lack of Fit ctia mé hinh thay ring,
khi kiém tra phan phdi chuan ctia phan du (Shapiro-Wilk
test) co Y, (p=0,007), nghia la phan du khong tudn theo phan
phdi chuén, c6 thé gy anh huong dén do chinh xac cia mo
hinh. Y, Y,, va'Y, tuong mg 0,780, 0,935, va 0,830, nghia
1a p>0,05 (phan du c6 phan phdi chuan - tét). Kiém tra
phuong sai phan du c6 thay dbi khong - heteroscedasticity
(Breusch-Pagan test) thdy p>0,05 (phwong sai phin du
khong thay dbi - tot). Phan tich téi uwu dugc thuc hién bang
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phuong phap chap muc tiéu, trong d6 mdi ham muc tiéu
Y ,-Y, duoc gan mot mirc do mong mudn theo pham vi 1y
tuong da xac dinh trudce: Y, (thoi gian siy) cang thap cang
tdt, véi mong muén dat gia tri 1 khi Y <5,5 va giam vé 0
khi Y >7,5, 'Y, (ty 1¢ hoan nguyén) cang cao cang tot, voi
mirc mong doi bang 1 khi Y,>263% va bang 0 khi Y,<55%,
Y, (chat lwong cam quan) mong mudn cao nhat khi Y >18,
diém mong doi bang 0 neu Y,<16,5, Y, (hoat d6 nudc): cang
thdp cang tot, mong doi bang 1 khi Y,<0,57 va béang 0 khi
Y,=0,75 (hinh 1).

Ham desirability tong hop D duogc tinh theo cong
thirc hinh hoc trung binh cua timg ham muc tiéu con:
D=, d,, d,, d)". Gia tri D t6i da dat dugc 1a 0,97, tai
diéu kién tdi wu gém: nhiét do séy 60°C, van tdc gi6 1,4
m/s, chiéu day nguyén liéu 1,0 cm va ndng do sorbitol 5%,
véi cac bién dau ra co rang bugc: 40<X < 60; 1,0<X <3,0;
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Hinh 2. Biéu dé so sanh gia tri thwe nghiém va gia tri dw doan tir mé hinh héi quy bac hai déi véi céc bién dauraY,-Y,.

1,0<X,<2,0; 5<X,<25. Giai hé phuong trinh cho thay, diéu
kién tdi uu ctia qua trinh sdy c4 dira nhu sau: nhiét do siy (X)
60°C; van toc gi6 (X,) 1,4 m/s; chiéu day nguyén liéu (X,)
1,0 cm va ndng do sorbitol (X,) 5%. Ung véi cac didu kién
nay, chit luong san pham dat muc t6t nhit voi thoi gian sy
ngin (5,2 gid), hoat 46 nudc thap (0,57), ty 1& hoan nguyén
cao (63%) va diém cam quan ti da (18,34 diém). Céc diéu
kién tdi vu xac dinh dugc ndm & bién trén cua X, (60°C) va
bién dudi cua X, (1,0 cm) va X, (5%). Diéu nay cho théy
khoang khdo sat ban dau ciia cac bién nay c6 thé chua bao
pht toan bd vung tdi wu thuc su. Tuy nhién, viéc gi6i han X|
khong vurgt qua 60°C nham tranh bién tinh protein trong ca
[2, 3], trong khi mirc thip nhit cua X, va X, la gi6i han an
toan dé duy tri cdu triic va cam quan san pham. Mic du t6i
uu roi vao bién, ANOVA, Lack of Fit déu cho thay do phu
hop t6t, do d6 ¢6 thé tam chép nhan diéu kién nay 1a diém t6i
uu cuc bd hop 1y trong khoang khao sat hién tai.
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So v6i nghién ctru sdy ca com kho bang bom nhiét két
hop hong ngoai [2], nghién ciru nay da t6i wu hoa qué trinh
sdy ca dira, gitip giam thoi gian sy tir 11 gid (sdy khong khi
néng) xudng con 5,2 gio, qua do tiét kiém niang luong dang
ké. So v6i nghién ciru sdy ¢4 com kho biang bom nhiét két
hop biic xa hong ngoai [2], sdy ca dira cho thdy hiéu qua cai
tién: thoi gian sdy rat ngin tir 11 gid (sdy khong khi nong)
xudng con 5,2 gio, dong thoi duy tri ty 16 hoan nguyén va
cam quan cao hon dang ké. Hinh 2 thé hién méi tuong quan
gilra gia tri dy doéan va gia tri thuc nghiém cuia cac bién Y,
(thoi gian séy), Y, (ty 1€ hoan nguyén), Y, (cam quan) va Y,
(hoat d6 nuéc). Cac diém quan sat nim gan duong chéo ly
tuong (y=x) cho thiy, mé hinh du doan c6 do chinh xéc tdt,
ddc bigt voi Y, va Y,. Diéu nay phi hop véi hé s R? cao da
tinh toan va két qua kiém dinh Lack of Fit trong phan tich
ANOVA. Hinh 3 thé hién bé mit chap dap ung mong doi
dudi sy tac dong cia cac yéu to.
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Hinh 3. B& mit chap 3D cia mé hinh: theo chiéu day nguyén liéu (X,) va ndng db sorbitol (X,) (A); nhiét dé sy (X,) va van téc gié (X,) (B);
nhiét d6 sdy (X,) va ndng dé sorbitol (X,) (C); van téc gié (X,) va chiéu day nguyén liéu (X,) (D).

3.2. So sdnh chit lwong cd diva khé sdy bang cdc
phwong phdp khdc nhau

Cé dira sau khi sdy bang phuong phap bom nhiét két
hop birc xa hong ngoai duge danh gia chit luong theo cac
tiéu chi cam quan, vat ly, hda hoc va vi sinh. Df")ng thoi, san
pham ca dira sy bang khong khi néng va phoi ning ciing
duogc phan tich voi quy trinh xr 1y nguyén li€u tuong tu
(bang 4).

Mic di do 4m cudi cia ba mau ca dira déu dat khoang
22+0,3%, song hoat d6 nude (a ) gitta cac phwong phap sdy
lai c6 su khac biét rd rét: 0,57 ddi véi phuong phéap siy bom
nhiét két hop birc xa hong ngoai, 0,67 voi say khong khi
néng va 0,83 véi phoi nang. Sy khac biét nay xuit phat tir
ban chét hoat d6 nude khong chi phu thudc vao do am téng,
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ma con lién quan dén trang thai lién két ciia nudc trong vat
lidu thyc pham. Phuong phap siy bom nhiét két hop buc xa
hdng ngoai c¢6 co ché gia nhiét ddng déu va on dinh, 1am bay
hoi nuée ty do hiéu qua hon, ddng thoi han ché hién twong
v té bao va giir lai cau trac protein 6n dinh, tir d6 lam ting
ty 18 nudc lién két va giam lugng nude tu do - yéu t truc
tiép anh hudng dén gia tri a_. Nguoc lai, cac phuong phap
sdy truyén théng nhu phoi ning hay siy khi nong khong
kiém soat t6t tdc do sdy va nhiét do, dé gy hién twong co rat
bé mit, v& md, tao nén céc tai hoi va gitlr lai nudce tu do cao
hon, dan dén hoat d6 nudc tang. Do do6, du d¢ am téng gﬁn
nhu tuong duong, nhung su khac biét trong cdu tric mo sau
sdy va ty 1& nudce tu do - nude lién két chinh 1a nguyén nhan

giai thich cho su khéc biét vé hoat do nudc giira cac mau.
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Bang 4. Chat lwong ca dira sdy khé bang cac phwong phap khac nhau.

Chi tiéu Két qua siy

Ché dj sdy Don v ‘:;yo a’;”'” nhi¢t két hop birc xg hong o 120 khong khi nong Sdy duwdi dnh ning mt tréi

Nhiét d siy C 60 55+70 33-36

Vin tbe gio m/s 1,5 1,2

Chiéu day nguyén lidu siy cm 1,0 1,0 1,0

Néng d¢ sorbitol % 5 5 5

D 4m c4 ban dau % 75,30 75,30 75,30

D6 4m c4 sau khi sdy % 22+40,3 22+0,3 22+0,3

Chi tiéu cam quan

o, Mz‘iAu céulh giAén dafl‘Ac trlvmg cAﬁa cérkh(} Me‘iu Cé{lh giA'cin (}éc tl;lrng% cﬁaA ca Thit c& mau vang sim, it séng

Mau sac khong 1én dau, bé mat khong co vét kl?o,;khong 1én dau, bé mat khong béng, bé miit khng c6 vét den,
den. co vet den.
Mui thom dac trung cua cd kho, Mui thom dic trung cua cd kho, Mui thom dac trung cua ca kho,

Mui khong c6 mui ctia hién tuong phan khong cé mui cua hién tugng phan khong c6 mui cua hién tugng
huy. huy, hoi c6 mui hoi khét. phan huy, c6 mui hoi khét.

Vi Vingot dam. Man diu, ngot thit. Man diu, ngot thit.

Trang théi Kho déu, thit dai, khéng Iin tap ch G l(}g(”; hoi déu, thit dai, khong 13n tap ith l;]:(") du, thit dai, khong 1an tap

Chi tiéu vat ly

Ty 1¢ hoan nguyén % 62,70£2,3 53,242,12 47,2524

Luong tap chat % 0 0 0

Hoat d6 nudc 0,57£0,05 0,67£0,05 0,83£0,05

Thoi gian Gio 52 11 18

Chi tiéu hoa hoc

Lipid % 34,3£0,04 34,31£0,04 34,3£0,04

Protein % 34,240,08 34,2+0,08 34,2+0,08

Téng s6 vi sinh vat hiéu khi ~ Cfu/g 2,7x10? 2,9x10? 3,31x10?

E. coli Cfu/g Am tinh Am tinh Am tinh

Coliforms Cfu/g Am tinh Am tinh Am tinh

Salmonella Cfu/g Am tinh Am tinh Am tinh

S. aureus Cfu/g Am tinh Am tinh Am tinh

Két qua cho thdy, san pham cé dira sdy bang cong ngh¢  (A) (B)

bom nhiét két hop buc xa héng ngoai dat chét Iwong cam
quan rat cao (18,28+0,1 diém trén thang 20 diém), ty 1& hoan
nguyén cao (62,8+2,3%), hoat d6 nudc thap (0,51+0,05).
Nhimng chi s6 nay nam trong ngudng dugc danh gia 1a tot
dén rét tot theo phan loai ciia C.L. Hii va cs (2012) [6] dbi
v6i san pham ca sdy. So véi cac phuong phéap sy truyén
thdng nhu phoi ning hodc sy khong khi nong, cong nghé
Kkét hop cho théy hiéu qua cai thién vuot troi vé chét luong
tong thé. San phim dam béo tidu chudn vé sinh an toan thyc
pham theo quy dinh hién hanh ciia B Y té.
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:

Hinh 4. (A) Ca dira trong thiét bi sy phéi hop bom nhiét va birc
xa hdng ngoai; (B) Ca dira khé (hinh minh hoa mét khay mau ca
dra trong qua trinh siy bang cong nghé bom nhiét két hop birc
xa héng ngoai).



Say bom nhiét két hop birc xa hdng ngoai cho ty 1 hoan
nguyén cao nhat (62,7%) va hoat d6 nudc thap nhat (0,57),
chung to san pham git dugc cdu tric tot nhit. Sdy bom
nhiét két hop birc xa hdng ngoai gitp ca c6 mau canh gian
dic trung, khong 1én dau, khong co vét den, trong khi ca
sdy nong c6 thé bi hoi khét nhe va ca phoi ning co6 mau
vang sam, it sang bong (hinh 4). Sdy bom nhiét két hop
blrc xa hong ngoai c6 thoi gian siy ngin nhit (5,2 giv),
trong khi sdy khong khi néng mét 11 gio va phoi ning
mat 18 gio. Ca ba phuong phap déu dap ung yéu ciu an
toan thuc phdm, khong phat hién E. coli, Salmonella hay
Coliforms. Tuy nhién, tong s6 vi sinh vat hiéu khi cua ca
sdy birc xa hong ngoai thdp hon (2,7x10*> CFU/g) so véi
¢4 sdy khong khi nong (2,9x10? CFU/g) va ca phoi ning
(3,31x10? CFU/g), ching to6 phuong phap blc xa hong
ngoai gitip kiém soét vi sinh tét hon. Dya trén mirc hoat d6
nuéc thap (a,=0,57+0,05) - dudi ngudng 0,60 dugc xem la
gi6i han phat trién ciia phan 16n vi sinh vat gay hu hong thuc
pham va két qua vi sinh dat tiéu chuan an toan (tong sb vi
sinh vat hiéu khi thap, khong phat hién E. coli, Coliforms,
Salmonella va Staphylococcus aureus), c6 co s& khoa hoc
dé du bao ring san phim ca dira sy theo cong nghé bom
nhiét két hop birc xa hdng ngoai c6 thé dugc bao quan on
dinh trong thoi gian tdi thiéu 3 thang & diéu kién nhiét do
phong (25-30°C), khi str dung bao bi phu hgp nhu hat chan
khong va khang am. Nhan dinh nay phul hop véi cac nghién
ctru trude ddy, trong d6 thuc pham sdy kho co hoat do nudce
dudi 0,60 thudng bao quan duge 3-6 thang ma khong can
bd sung chit bao quan, néu quy trinh déng goi va bao quan
dap mg yéu cau chéng 4m va can oxy [8].

4. Két luan

Nghién ctru da t6i vu thanh cong quy trinh sdy ca dia
bfing cong nghé bom nhiét Kkét hop buc xa héng ngoai, voi
céc yéu to dau vao gdm: nhiét do say (40-60°C), véan tdc gid
(1,0-3,0 m/s), chiéu day nguyén liéu (1,0-2,0 cm) va ndng do
dung dich sorbitol (5-25%). Trong d6, nhiét do séy (X) la
yéu t6 anh huong manh nhat dén chit lugng san pham, dic
biét 1a thoi gian sy, ty 16 hoan nguyén, cam quan va hoat do
nude (p<0,001). Nong do sorbitol (X ,) ciing tac dong dang

ké dén kha nang hoan nguyén va cam quan. Diéu kién to1 uu
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xac dinh duoc la: 60°C, 1,4 m/s, 1,0 cm va 5% sorbitol, giup
rt ngén thoi gian siy con 5,2 gio, ning ty 1¢ hoan nguyén
1€n 63%, dat cam quan 18,34/20 va a =0,57+0,05. So v6i
sdy truyén thong, cong nghé siy két hop cho thiy hiéu qua
vuot troi ca vé chat lugng va bao quan. M6 hinh hdi quy co
d6 phu hop cao (R%>0,90), khong c6 sai s6 thiéu d6 phu hop
dang ké. Két qua gop phan hoan thién co sé khoa hoc cho
mg dung siy két hop trong ché bién thuy san va mo rong

sang cac doi tugng c6 cau tric tuong ty.
LOI CAM ON

Nghién ctru nay do Truong Pai hoc Cong Thuong TP.
Ho6 Chi Minh bao trg va cip kinh phi theo Hop dong sd
3999/QD-DCT ngay 29/12/2023. Cac tac gia xin chan thanh

cam on.
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T 1¢ mdc sarcopenia ¢ ngwdi bénh phoi tic nghén man tinh diéu tri ngoai tr
tai Bénh vién Phoi Nghé An nim 2024

Ping Anh Tuin', Lé Pirc Cwong?, Pham Thi Dung?*

IBénh vién Phéi Nghé An, xa Nghi Loc, tinh Nghé An, Viét Nam
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Ngay nhén bai 25/4/2025; ngay chuyén phan bién 28/4/2025; ngay nhan phan bién 21/5/2025; ngay chép nhan dang 26/5/2025

Tom tit:

Muc tiéu: Xac dinh ty 1¢ hién mic sarcopenia 6 ngudi bénh phéi tic nghén man tinh (COPD - chronic obstructive pulmonary
disease) diéu tri ngoai trii tai Bénh vién Phdi Nghé An nim 2024. P6i twong va phwong phap nghién ciru: Nghién ciru
md ta cit ngang trén 399 ngudi bénh COPD diéu tri ngoai tra tai Bénh vién Phoi Nghé An nim 2024. Xac dinh khéi co
xwong bﬁng thiét bi Inbody 770. Sarcopenia dugc chia thanh cac nhém: binh thuwong, tién sarcopenia, sarcopenia vira
va sarcopenia ning theo ti¢u chuin chan doan ciia Hiép hi Thiéu co chau A. Két qua: c6 38,1% khong mic sarcopenia,
52,1% & mirc tién sarcopenia (c6 khdi co thip). T¥ 1é mic sarcopenia 13 9,8%. Tinh trang tic nghén duong thé cang cao
thi ty 1¢ mic sarcopenia cang 1én. Ty 1¢ mic 1a 7% ¢ nhém GOLD 1-2 va 18,5% & nhém GOLD 4. Nhém bénh E ¢6 ty 18
mic cao nhit 13 11,8%, hai nhém A, B ¢6 ty 16 mic 1a 8,3%. Két luin: Ty 1¢ mic sarcopenia I 9,8%. Ty 1¢ mic ¢ nir cao
hon so v6i nam (1an lwot 13 10,5 va 9,6%, p>0,05). Ty 1é mic ¢ nhém trén 60 tudi cao hon nhém duwéi 60 tudi (1an lwot 12
10,3 va 7,9%; p>0,05). T¥ 1é mic ting din theo mirc d9 bénh va mirc dd tic nghén dwong thé (p<0,05).

Tir khéa: bénh phoi tic nghén man tinh, dién tré khang sinh hoc, thiéu co.

Chi sé phén logi: 3.2, 3.3

Prevalence of sarcopenia among outpatients with chronic
obstructive pulmonary disease at Nghe An Lung Hospital in 2024

Anh Tuan Dang!, Duc Cuong Le?, Thi Dung Pham?*

'Nghe An Lung Hospital, Nghi Loc Commune, Nghe An Province, Vietnam
’ThaiBinh University of Medicine and Pharmacy, 373 Ly Bon Street, Tran Lam Ward, Hung Yen Province, Vietnam
Received 25 April 2025; revised 21 May 2025; accepted 26 May 2025
Abstract:

Objectives: This study aimed to determine the prevalence of sarcopenia among outpatients with chronic obstructive
pulmonary disease (COPD) at Nghe An Lung Hospital in 2024. Subjects and methods: A cross-sectional descriptive
study was conducted among 399 outpatients with COPD at Nghe An Lung Hospital in 2024. The skeletal muscle
mass index (SMI) was measured using the Inbody 770 device. Sarcopenia was classified into four categories: normal,
pre-sarcopenia, moderate sarcopenia, and severe sarcopenia, according to the 2019 diagnostic criteria of the Asian
Working Group for Sarcopenia (AWGS). Results: The results showed that 38.1% of the study participants had
normal SMI, while 52.1% were diagnosed with pre-sarcopenia. The overall prevalence of sarcopenia among the
study population was 9.8%. Sarcopenia prevalence increased with the severity of airway obstruction. According
to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification, sarcopenia prevalence was
7.0% in stages 1-2 and 18.5% in stage 4. Group E patients had the highest prevalence (11.8%), while groups A and
B showed a prevalence of 8.3%. Conclusions: The prevalence of sarcopenia was 9.8%. The prevalence was higher
in females than males (10.5 and 9.6%, respectively; p>0.05). The prevalence was also higher in the group aged over
60 years than in those under 60 years (10.3 and 7.9%, respectively; p>0.05). In addition, the prevalence increased
progressively with disease severity and the degree of airway obstruction (p<0.05).

Keywords: bioelectrical impedance, chronic obstructive pulmonary disease, sarcopenia.

Classification numbers: 3.2, 3.3
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1. it van de

Bénh phéi tic nghén man tinh 1a mét bénh trong bbn
nhoém bénh man tinh khong lay nhiém hang dau hién nay
trén thé gisi. Ty 1&é mac COPD toan cau ¢ Itra tudi 30-79
l1a 10,3%, tuong ing véi 391,9 tridu ca méc va gay ra 3,23
triéu ca tr vong (khoang 5% tdng sb ca tir vong trén toan
cau mdi nim). Gan 90% truong hop tir vong do COPD &
nhimng ngudi dudi 70 tudi xay ra & cac nude co thu nhip
thap va trung binh. Khu vuc chau A Thai Binh Duong trong
d6 c6 Viét Nam 1a noi ¢6 ty 1& mac cao nhét (11,7%) va gap
thip nhat & khu vuc chau My (6,8%) [1].

Trong khi d6, suy dinh dudng 1a mot trong nhitng van dé
thuo‘ng gap o ngum bénh COPD do co6 tinh trang vura ting
nhu ciu ma ngudn cung cip lai glam [2, 3]. Nguoi bénh
COPD phii tiéu hao ning luong nhidu hon do phéi ting
cuong hoat dong ho hip (ting tan s6, bién do tha), ting cac
yéu t6 viém, nhét 1a trong cac dot cip. Nhung ngudi bénh
COPD lai thuong an uéng kém, chéan an do da day bi chén
ép va kho tho, anh huong dén hoat dong nhai nudt. Cac
nguyén nhan nay khién ngudi bénh COPD bj giam can va
teo co, tir 6 dan dén suy dinh dudng, kiét strc va ting ty 18
tr vong [4-6]. BMI (Body mass index - chi s6 khi co thé)
12 mot chi s6 pho bién, thuong dung dé danh gia tinh trang
dinh dudng nhung khéng thé danh gia dugc muc d6 mat co
& ngudi bénh. Trong khi d6, nhidu nghién ctru cho thiy mat
co va giam strc manh co (sarcopenia) 13 yéu t6 quan trong
anh huong dén tién trinh cua bénh [7]. Mot s6 nghién ctu
trong va ngoai nudc da cho thdy, ty 1é mic sarcopenia &
nguoi bénh COPD rat cao va co su khac biét lién quan dén
d6 tudi. Theo béo céo ciia N.P. Masik va cs (2022) [8], ty 1&
nay tang tir 50% & ngudi tré 1én 91,7% & nhitng d6i tugng
trén 60 tudi. Ty 1& méc sarcopenia ciing tang ty 18 thuan voi
murc d§ nang cua bénh: tr 20% ¢ muc do 1 1én 100% & muc
dd 4 theo phan loai cia Chuong trinh Chién luoc toan cau
vé COPD [8].

Hién nay, c6 nhiéu phuong phép va tiéu chuan danh gia
sarcopenia. Cac nghién ctru ¢ Viét Nam thuong st dung
tiéu chuan danh gia cho ngudi chau A theo khuyén céo cia
Hiép hoi Thiéu co chau A (AWGS - Asian Working Group
for Sarcopenia) [9]. Theo tiéu chuan nay, do ludng khdi co
c6 thé sir dung céc thiét bj do thanh phéan co thé nhu DEXA
(Dual-energy X-ray absorptiometry) hodc BIA (Bioelectrical
impedance analysis). Tuy nhién, DEXA thuong c6 chi phi
cao va phoi nhiém tia xa. Do dé, hién nay cong nghé BIA sir
dung dong dién sinh hoc da tan sb hay duoc 4p dung trong
cac nghién ctru hon. Thiét bi Inbody 770 véi 6 dai tan sé va
do tré khang dién sinh hoc truc tiép ting phan c6 do chinh
xéac twong ty DEXA, giup danh gia khach quan cac chi sd
thanh phan co thé trong d6 c¢6 khéi co [9].
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Bénh vién Phéi Nghé An hién dang quan ly diéu tri
khoang 1.500 nguoi bénh COPD nhung chua ¢6 mt nghién
clru nao danh gia vé tinh trang dinh dudng, ciing nhu mirc
d6 mat co ¢ dbi tugng nay. Do d6, dé gop phan nang cao
chét luong diéu tri cho nguoi bénh, chung t6i tién hanh thuc
hién dé tai v6i muc tidu: M6 ta ty 16 méc sarcopenia & ngudi
bénh COPD diéu tri ngoai tra tai Bénh vién Phéi Ngh¢ An
nam 2024.

2. Doi tuong va phuong phap nghién ciiu
2.1. Déi twong nghién citu

Ngu’Qi bénh dugc chan doan xac dinh mic COPD theo
tiéu chuan cua GOLD [10].

Tiéu chudn lua chon: Nguoi bénh dugce chan QOén COPD
dang quan 1y diéu tri ngoai tra tai Bénh vién Phoi Nghé An
tu 3 thang trd 1én, dong y tham gia nghién ciru.

Tiéu chudn logi triv: (1) Ngudi bénh di dat may tao nhip
tim hodc c¢6 cdy ghép kim loai & phan than hodc tir chi; co
khuyét tat chi, hoac gu veo cot séng; (2) Nguoi bénh dang
diéu tri dot céip cua COPD hodc dang diéu tri noi tri céac
bénh Iy khac kém theo; bi méc ung thu hodc ¢6 di ching
than kinh sau dot quy ndo, bénh 1y thoai héa nio; (3)
Nguoi bénh khong tra 161 duge cac cau héi, khong thuc hién
duoc bai kiém tra budc chan hodc co luc, mét thinh luc va
thi luc.

Pia diéem pghién cteu: Nghién ctu duge thuc hién tai
Bénh vién Phoi Nghé An.

Thoi gian nghién ciu: T thang 8/2024 dén thang
10/2024.

2.2. Phwong phap nghién ciru
Thiét ké nghién ciru: M6 ta cit ngang.
Cong thire tinh co mau dwoc xdc dinh nhw sau:

p(l p)

n= (Z(1 a/2))

trong do: n: so 1u’0ng mau (nguoi bénh cin diéu tra);
Z(1-q/2): hé s6 tin cay Z(1 o/2) twong ng véi do tin cdy
95%=1,96; d: khoang sai 1éch mong muon (chon d=0,05);

p: ty 1& ngudi bénh COPD dugc chan doan méc sarcopenia
theo nghién ctru cua Y. Zhai (2024) [11] tai Bénh vién Nhan
dan Chongquing (Trung Qudc) tir nim 2022 dén 2024
Chon p=0,403. Tinh duoc ¢& mau tdi thiéu n=370, thyuc té
¢6 399 nguoi bénh tham gia nghién ctru.

Thu thdp s6 liéu: Po chiéu cao bang thudc diy Seca voi
vach chia dén mm, chiéu cao dugc tinh béng cm v6i 1 s
1é thap phan. Khdi co duge do bang thiét bi phan tich tré
khang dién sinh hoc (BIA) Inbody 770. Xac dinh giam stic
co bang ap luc ké cim tay Carmy. Po thoi gian di b binh
thuong bang cach tinh thoi gian ngudi bénh di hét quing
duong 6 m dugc vach san.



Tiéu chuan danh gia:
- Sarcopenia dugc chia thanh cac nhom: binh thuong,

tién sarcopenia, sarcopenia vira va sarcopenia ning. Su
dung tiéu chuan chan doan cia AWGS [9]. Cu thé nhu sau:

Tiéu chuén 1: Chi s6 khéi co (SMI) giam khi nam <7,0
kg/m?, nir <5,7 kg/m?.

Tiéu chuan 2: Co lyc tay: Nam <28 kg, nit <18 kg.

Tiéu chuén 3: Kha nang thuc hién dong tac giam: tde do
dibo <1 m/s.

Chan doan tién sarcopenia khi chi ¢6 tiéu chuan 1.

Chan doan sarcopenia mirc d6 vira khi cé: tiéu chudn 1 va 2
hoic tiéu chuan 1 va 3.

Chén doan sarcopenia nang khi ¢ ca 3 tiéu chuan 1,2 va 3.

- Panh gié tiéu chuan chan doan COPD, mirc do tic nghén
va nhém bénh (theo GOLD 2024) [10]. Cuy thé:

+Mite d6 tic nghén: GOLD 1: FEV >80% tri s4 1y thuyét;
GOLD 2: 50%=<FEV <80% tri so ly thuyct; GOLD 3:
30%=<FEV <50% tri s0 ly thuyct; GOLD 4: FEV <30% tri
s6 1y thuyét.

+ Nhom bénh: Phan nhom theo nhém A, B, E nhu sau:

Nhém bénh Tién sir dot cip Tri¢u chirng

0-1 dot cAp trung trong vong 12 thang mMRC 0-1 hoac

Nhom A qua (dot cip khong nhép vién) CAT<10

Nhém B 0-1 dot cép trong vong 12 thang qua mMRC >2 hogc
(dot cap khong nhap vién) diém CAT > 10

Nhém E >2 dot cap trung binh trong vong 12

thang qua hodic >1 dot cip nhép vién

Phdn tich thong ké: Kiém tra phan bd phan tich. Néu
s6 lidu phan bd chuan sé& sir dung céc test thong ké tham
s6: Test t cho 2 nhom doc 1ap, Test t ghép cip cho so sanh
trudc sau, Test Anova cho so sanh trén 2 nhoém. S6 lidu
khong phan b chudn da st dung test thdng ké phi tham sb
(Spearman, Wilcoxon, Mann Whitney U test). So sanh giita
cac ty 1€ str dung test ¥>. Murc y nghia dugc lya chon trong
nghién ctru 1a 95% (a=0,05).

Dao durc trong nghién ciru: Nghién ctru dugce thong qua
Hoi dong xét duyét d& cuong va duoc phé duyét theo Quyét
dinh s6 1786/QD-YDTB ngay 27/9/2024.

3.Kétqua

Két qua bang 1 cho thay, nguoi bénh ¢6 do tudi 60 trd 1én
chiém 77,9%, ty 1& nam chiém da sd, ti 80,9%. Hau hét doi
tuong chi yéu & mirc d6 GOLD 1-3 va phan nhém bénh B va
E. Chi ¢6 20,3% ¢ mirc GOLD 4 va 1,3% & nhém A.
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Bang 1. Dic diém chung cta ddi twong nghién cliru (n=399).

Cic dic diém S6 lrong Ty 18 (%)
Tuéi (trung vi va khodng tir phin vi) 66 (60-72)
Nhém tudi

<60 88 22,1
60-69 182 45,6
70-79 110 27,6
>80 19 4,7
Gidi tinh
Nt 76 19,1
Nam 323 80,9
Phan logi mirc dp bénh theo GOLD

1 1 0,3
2 99 24,8
3 218 54,6
4 81 20,3
Phéin nhém bénh A, B, E

Nhom A 5 1,3
Nhom B 224 56,1
Nhom E 170 42,6

Két qua bang 2 cho thiy, chi sb khdi co trung binh &
nam la 6,6 kg/m?va nir 1a 5,6 kg/m? Suc co tay clia nam
trung binh 1a 28,6 kg cao hon so véi nir 1a 21,0 kg. Toc do di
chuyén cua ca 2 giéi nam va nit 1 twong duong nhau, trung
binh 1a 1,3 m/s.

Bang 2. Pic diém cac chi s6 danh gia thiéu co theo giéi tinh
(n=399).

Pic didm Chung Nam Nir

: (n=399) (n=323) (n=76)
SMI (kg/m?) 6,4+1,0 6,6+0.,9 5,6+0,7
Stic co (kg) 27,247,1 28,6+6,7 21,0453
Tée d6 di chuyén (m/s)  1,3+0,2 1,340,2 1,340,2

Két qua bang 3 cho thay, ¢6 61,9% sb ngudi bénh COPD
bi giam khdi co theo tiéu chuan SMI ciia nam <7 kg/m? va
nit <5,7 kg/m?. Ty 1& mic & nam 13 64,4% cao hon so voi
nit (51,3%), su khac biét c6 y nghia thng ké véi p<0,05.
Ty 1¢ giam strc co chung 1a 17,3% nhung gap ¢ nit (81,6%)
nhiéu hon so véi nam (2,2%), su khac biét c6 y nghia thong
ké voi p<0,05. Ty 1¢ giam toc d di chuyén cia nir 1a 9,2%,
cao hon so véi nam 1a 5,3% nhung sy khac biét nay chua co
¥ nghia thong ké véi p>0,05.

81
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Bang 3. Ty lé thiéu co’ va giam strc manh co theo gi&i tinh (n=399).

Pic diém Chung Nam Nir

? m=399) (=323) (@=76) P
Gy 247 (61,9) 208 (64.4) 39 (51,3) 0,035
xuong
Giam sitc co 69(17.3)  7(22) 62 (81,6) 0,038
Giam tbc do di chuyén 24(6,0) 17 (5.3) 7(9,2) 0,157

Két qua bang 4 cho thay, nhém ngudi bénh cao tudi (>60
tudi) co chi sé khdi co trung binh 1a 6,4 kg/m?, thap hon
s0 voi nhom dudi 60 tudi 1a 6,6 kg/m? (p<0,05). Toc do di
chuyén trung binh ctia nhom >60 tudi 1a 1,3 m/s, thip hon
s0 v6i nhom <60 tudi (p<0,05). Con strc co cua 2 nhoém 1a
tuong duong nhau.

Bang 4. Dic diém cac chi sé danh gia thiéu co theo nhém tubi

(n=399).
oz <60 tudi >60 tudi
Dic diém (n=88) (n=311) P
SMI (kg/m?) 6,608 6,4+1,0 <0,05
Suc co (kg) 27,346,9 272473 >0,05
Téc d6 di chuyén (m/s)  1,4+0,2 1,340,2 <0,05

Két qua bang 5 cho thay, nhom ddi twong >60 tudi c6 ty
1¢ giam khdi luong co xuong 13 66,9%, cao hon so v6i nhém
<60 tudi 1 44,3%. Su khac biét co y nghia thong ké voi
p<0,05. Ty 18 giam téc d6 di chuyén ctua nhom ngudi bénh
cao tudi ciing cao hon so vi nhom <60 tudi mot cach co y
nghia thong ké (p<0,05) nhung muc do giam sirc co cia 2
nhom la tuwong tu nhau (p>0,05).

Bang 5. Ty lé thiéu co va giam sirc manh co theo nhém tudi

(n=399).
Piic diém <60 tudi =60 tudi b
(n=88) (n=311)
Giam khéi lugng co xuong 39 (44,3) 208 (66,9) <0,001
Giam sirc co 15(17,1)  54(17.4) 0,945
Giam tdc do di chuyén 1(1,2) 23 (7,39) 0,023

Két qua bang 6 cho thiy, chi c6 38,1% dbi tugng khong
méc sarcopenia, con lai da sé & muc tién sarcopenia (co
khéi co thip) nhung van dam bao tiéu chi co luc tay va toc

d6 di bd binh thuong. Ty 1€ méc sarcopenia 1a 9,8%.
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Bang 6. Ty Ié mic cac mrc do sarcopenia cta déi twong nghién
ctru (n=399).

Mike d§ méic sarcopenia S6 lrgng Ty 1€ (%)
Khéng méc sarcopenia 152 38,1

Tién sarcopenia 208 52,1
Sarcopenia vira 38 9,5
Sarcopenia nang 1 0,3

Két qua biéu do 1 cho théy, ty 1&é mic sarcopenia & nit
cao hon so v6i nam nhung khong dang ké (10,5 so véi 9,6%
va p>0,05). Ty 1é mic & nhom trén 60 tudi 1a 10,3%, cao
hon so v6i nhém dudi 60 tudi 1a 7,9% nhung sy khac biét
ciling chua ¢ ¥ nghia thong ké véi p>0,05.

%
12

10,5 103

7.9

o

<60 tudi

>= 60 tudi

ONF BNam E<60tudi O>= 60 tudi
Bidu dd 1. Ty lé Téc sarcopenia & déi twoing nghién ciru theo gi®i
tinh va nhém tuoi.

Két qua biéu d 2 cho thé'ly, tinh trang tic nghén duong
thd cang cao thi ty 16 mic sarcopenia cang 16n. Ty 1& mac
gip & 7% d6i twong GOLD 1-2 nhung 1én t6i 18,5% & dbi
tuong GOLD 4. Sy khéc biét co y nghia thong ké vai p<0,05.
%

20 18,5%
18
16
14
12
10
8
6
4
2
0

GOLD 3 GOLD 4

Biéu db 2. Ty l1é méc sarcopenia & d6i twong nghién ciru theo mirc
do tic nghén dwong ther (GOLD).



Két qua biéu d6 3 cho thay, nhom bénh E c6 ty 1é mic
cao nhét 1a 11,8%. Hai nhém A, B ¢6 ty 1é méc 1a 8,3%. Su
khéac biét gitra nhom E véi 2 nhém con lai khong c6 y nghia
thong ké véi p>0,05.

%

11,8%

8,3%

Nhom E

Biéu doé 3. Ty lé mic sarcopenia & déi twong nghién ctru theo
phan nhém bénh COPD.

4. Ban luan

Trong nghién ctru nay ctia chiing t6i, chi s6 khdi co trung
binh & nam 1a 6,6 kg/m?va nir 1a 5,6 kg/m?. Ca hai ngudng
nay déu c6 gia tri thap hon ngudng khuyén nghi 1a chi s6
SMI ctia nam <7 kg/m? va nir <5,7 kg/m?. T.Q. Cuong va cs
(2024) [12] cho biét, chi s6 khéi co trung binh ¢ nam 1a 6,8
kg/m2, cao hon so véi két qua ciia chiing toi nhung gi trj
SMI trung binh ¢ nit lai twong duong so voi nghién ctru nay.
Theo tiéu chuén cia AWGS, két qua nghién ctru ciia chung
t6i cho thdy ¢6 61,9% s6 ngudi bénh COPD bi giam khéi co
theo tiéu chuan SMI cta nam <7 kg/m? va nir <5,7 kg/m?.
Ty 18 mic & nam 1a 64,4%, cao hon so véi nit (51,3%), su
khac biét co y nghia thong ké véi p<0,05. Két qua nay cia
chung t6i cao hon so voi nghién ctiru cua T.Q. Cuong va cs
(2024) [12] 1a 56%, nhung thap hon so véi nghién ctru ctia
N.T.T. Huong (2022) [13] khi tac gia cho biét trong nhém
ngudi bénh COPD nghién ciru c6 74,6% 1a giam khdi lugng
co, tudi cang cao thi khdi luong co ngay cang giam. Mot
s6 nghién clru ciia cac tac gia nude ngoai ciing cho két qua
tuwong ty [11]. Panh gia suc co va phép do co luc tay cia
nguoi bénh va tde do di bo, két qua nghién ctru cia ching
t6i cho thay sirc co tay clia nam trung binh 1a 28,6 kg cao
hon so vé6i nit 1a 21,0 kg. Toc do di chuyén cua ca 2 gidi
nam va nit 1a tuong duwong nhau, trung binh 1a 1,3 m/s. Ty 1¢
giam sirc co chung 1a 17,3% nhung gip o nit (19,2%) nhiéu
hon so v6i nam (9,2%), su khac biét c6 ¥ nghia thong ké vai
p<0,05. Ty 1¢ giam tde @6 di chuyén cua nit 1a 10,1%, cao
hon so voi nam 1a 5,5%, nhung sy khéac biét nay chua c6 y
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nghia thdng ké véi p>0,05. Két qua giam stic co & ca hai chi
tiéu co lyc tay va toc do di bd trong nghién ctru ciia ching
t6i déu thip hon mot sé nghién ciru khac. N.T.T. Huong
(2022) [13] ciing cho biét, ty 1& giam sirc manh co tay 1a
68,3% va 42,7% co giam tdc do di bo. Tudi cang cao thi sirc
manh co tay va toc do di bd cang giam. Nghién ctru cia T.Q.
Cuong va cs (2024) [12] ciing c6 52,4% sb di tuong giam
co luc tay va 32,1% giam tdc d6 di chuyén, trong dé ty 16
mac & nit cao hon nhiéu so véi nam.

Trong nghién ctru cua chung t6i, nhom nguoi bénh cao
tudi (60 tudi) c6 chi sé khbi co trung binh 1a 6,4 kg/m?,
thip hon so v6i nhom dudi 60 tudi 1a 6,6 kg/m? (p<0,05).
Téc d6 di chuyén trung binh ctia nhom >60 tudi 1a 1,3 m/s
thip hon so v&i nhom <60 tudi (p<0,05). Con stic co clia 2
nhom 14 twong dwong nhau. Nhom ddi tugng >60 tudi co
ty 1& giam khdi luong co xwong 1a 66,9% cao hon so véi
nhom <60 tudi 1a 44,3%. Su khac biét c6 y nghia thong ké
v6i p<0,05. Ty 1& giam toc d6 di chuyén cua nhom ngudi
bénh cao tudi cling cao hon so véi nhom <60 tudi mot cach
¢ ¥ nghia thong ké (p<0,05) nhung mic d6 giam stc co
ctia 2 nhom 1a twong ty nhau (p>0,05). Panh gia vé ty 1&
mic sarcopenia, két qua nghién ctru clia chung t6i cho thiy
¢6 38,1% ddi tuong khong méc sarcopenia, con lai da s &
mirc tién sarcopenia (c6 khéi co thip) nhung van dam bao
tiéu chi co lyc tay va tdc do di bo binh thuong. Ty 1€ méc
sarcopenia chung 1 9,8%. Trong d6, ty 1é méc sarcopenia
& nir cao hon so véi nam nhung khong dang ké (10,5 so voi
9,6% va p>0,05). Ty 1é mac & nhom trén 60 tudi 1a 10,3%
cao hon so voi nhom dudi 60 tudi 1a 7,9% nhung su khac
biét ciing chua c6 y nghia thong ké v6i p>0,05. Theo N.T.T.
Huong (2022) [13], ty 1€ sarcopenia trong nhom nghién ctru
la 45,2%, ty 1€ mic tang 10 rét theo tudi. Nghién ctu cua
T.Q. Cuong va cs (2024) [12] trén nhém nguoi bénh COPD
diéu tri ngoai tra tai TP HO Chi Minh cho théy, c6 35,7%
nguoi bénh mic sarcopenia theo ti€u chuén chin doan cua
AWGS.

Theo mot sd nghién ciru clia cac tic gia nudc ngoai,
ty 1&6 mic sarcopenia & ngudi bénh COPD, tir mot nghién
ctru tong quan hé théng va phan tich gop cua E. Benz va
cs (2019) [14] cho thiy, ty 1é méc sarcopenia & ngudi bénh
COPD phd bién ¢ mirc 21,6%, dao dong tir 8% (trong cong
ddng) dén 21% (ngudi bénh didu tri ndi, ngoai trit) va ty 18
nay chiém t6i 63% dbi v6i nhitng ngudi bénh duge cham
soc va diéu tri tai vién dudng 13o. Nhitng béo cao gan day
cho thay ty 1& nay ngay cang gia ting: 24,6% trong bao céo
cua T. Maria va cs (2020) [15] va 27% theo J. He va cs
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(2023) [16]. Nhu vay c6 thé thiy, méic sarcopenia ¢ nguoi
bénh COPD la mét van dé co y nghia strc khoé quan trong.
Do d6, can phat hién som ddi tugng giam khéi lugng co nhat
1a cac ddi tugng COPD murc 4o GOLD 4 va nhom bénh E
dé tir 46 co bién phép cai thién khdi co va sirc manh co gitp
ngan chin sém kha ning cac ddi twong tir tién sarcopenia
chuyén thanh sarcopenia.

5. Két luan

Chi s6 khéi co trung binh & nam 13 6,6 kg/m? va nir 1a
5,6 kg/m?. C6 61,9% sb ngudi bénh COPD bi giam khdi co.
Ty 18 giam khdi co & nam cao hon nit (twong Gmg 64,4 va
51,3%, p<0,05). Nhom >60 tudi c6 ty 1¢ giam khi lugng co
xuong la 66,9% cao hon so vai nhom <60 tudi 1a 44,3%. C6
52,1% & mirc tién sarcopenia. Ty 1& mic sarcopenia 13 9,8%.
Ty 1é méc ¢ nhom trén 60 tudi 1a 10,3% cao hon so voi dudi
60 tudi 1a 7,9% (p>0,05). Ty 1¢ mic gip & 7% doi tuong
GOLD 1-2 va 18,5% & dbi tuong GOLD 4. Nhom bénh E
¢6 ty 18 mac cao nhat 1a 11,8%.
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Ciin nguyén vi Khuan trong dich ty hau & bénh nhin viém phi thily tai
Bénh vién Nhi Trung wong tir thang 3/2023 dén thang 2/2024

Nguyén Thi Mai*, Tran Thanh T, Dwong Thi Thuy, Nguyén Ngoc Vin, Nguyén Thi Thu Hang, Vii Dirc Anh, Nguyén Huy Khanh
Bénh vién Nhi Trung wong, 18/879 La Thanh, phuong Lang, Ha N¢i, Viét Nam
Ngay nhén bai 26/5/2024; ngay chuyén phan bién 28/5/2024; ngay nhén phan bién 18/6/2024; ngay chép nhan dang 24/6/2024

Tom tit:

Viém phéi thiy 1a bénh 1y ton thwong phoi ning & tré em va dién bién thwong cip tinh. Xac dinh cin nguyén giy
viém phdéi thuty bang cach 1Ay mau tai vi tri ton thuong con gip nhiéu khé khin. Nghién ctru tim hiéu ciin nguyén vi
khuin trong dich ty hiau & bénh nhén viém phdi thuy, ty 1& déng nhiém va mét sé yéu t lién quan dén dong nhiém
vi khuén dién hinh & bénh nhan viém phéi thuy do Mycoplasma pneumoniae. Két qua cho thiy, khi phan lap bing
phuong phip multiplex real-time PCR trén méu dich ty hiu cho ty 1¢ tré dwong tinh la 555/835 (66,5%), trong d6
vi khuin M. pneumoniae, Haemophilus influenzae, Streptococcus pneumoniae chiém ty 1é 1an lwot 1a 32,1, 28,1 va
21,9%. Két qua nudi ciy dich ty hau chi c6 272/835 (32,6%) tré dwong tinh véi H. influenzae (17,5%), M. catarrhalis
(7,9%) va S. pneumoniae (7,4%). So véi két qua nudi ciy dich ty hiu, phwong phap multiplex real-time PCR cé
dd nhay va dd dic hiéu cao trén 80%. Ty 1¢ bénh nhan viém phdi do M. pneumoniae 1a 223/835 (26,7%), hay gip &
nhém 2-5 tudi. Trong dé, c6 39/223 (17,5%) tré dong nhiém véi cin nguyén vi khuin dién hinh. Khéng c6 su khac
biét giira nhém don nhiém va dong nhiém & bénh nhan viém phdi thity do M. pneumoniae vé cac yéu tb lién quan
dén dic diém doi twong va 1am sang.

Tir khéa: tré em, vi khuin, viém phdi thuy.

Chi s6 phén loai: 3.2, 3.3

Bacterial pathogens in nasopharyngeal samples of lobar pneumonia in children
at the Vietnam National Children’s Hospital from March 2023 to February 2024

Thi Mai Nguyen®, Thanh Tu Tran, Thi Thuy Duong, Ngoc Van Nguyen, Thi Thu Hang Nguyen, Duc Anh Vu, Huy Khanh Nguyen
Vietnam National Children's Hospital, 18/879 La Thanh Street, Lang Ward, Hanoi, Vietnam
Received 26 May 2024; revised 18 June 2024; accepted 24 June 2024

Abstract:

Lobar pneumonia is a severe and rapid-onset pulmonary disease in children. Identifying bacterial pathogens by
taking samples at the lesion site is challenging. This study aims to investigate bacterial pathogens in nasopharyngeal
samples from children with lobar pneumonia, to determine co-infection rates and risk factors for typical bacterial co-
infection caused by M. pneumoniae. The results showed that the positive rate in children was 555/835 (66.5%) using
the multiplex real-time polymerase chain reaction (PCR) on nasopharyngeal samples, with Mycoplasma pneumoniae,
Haemophilus influenzae, Streptococcus pneumoniae accounting for 32.1, 28.1, and 21.9%, respectively. However,
the positive rate of nasopharyngeal culture was only 272/835 (32.6%), with H. influenzae (17.5%), M. catarrhalis
(7.9%), and S. pneumoniae (7.4%). These findings suggest that multiplex real-time PCR has over 80% sensitivity and
specificity compared to culture. M. pneumoniae was detected in 223/835 cases (26.7%), mainly in children aged 2-5
years. The rate of typical bacterial co-infection was 39/223 (17.5%). There was no difference between mono-infection
and co-infection groups in children with lobar pneumonia caused by M. preumoniae concerning demographic and
clinical characteristics.

Keywords: bacteria, children, lobar pneumonia.
Classification numbers: 3.2, 3.3
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1. it van de

Viém phoi thiry hay gip 6 nhom ngudi truong thanh tir 20
dén 50 tudi, dbi voi nhom tré nho va nguoi gia ton thuong
chii yéu 1a viém phoi lan téa. Tuy nhién xu huéng nhitng nim
gin day tubi mic viém phdi thiy ngay cang nho, tén thuong
ngdy cang ning va cin nguyén giy bénh thay doi [1, 2].
Trong nghién ctu cua D.M. Tuan (2010) [3] thuc hién tai
Khoa H6 hép, Bénh vién Nhi Trung wong nam 2010 ghi
nhan chi c6 68/7560 (0,9%) tré mic viém phdi thuy bang
phuong phép nuéi cdy dich ty hau ghi nhan cin nguyén giy
bénh S. aureus chiém 30,09% va S. treptococcus 1a 28,57%.
Nghién ctru ctia K.Q. Tran va cs (2020) [4] x&c dinh nguyén
nhan giy bénh ¢ 67 bénh nhan viém phéi thiy bang phuong
phap multiplex real-time PCR trong dich ty hau gom 70
tac nhan vi sinh cho thiy M. pneumoniae (69,7%) hay gap
nhat. N.T.T. Binh va cs (2022) [5] nghién ctru cin nguyén
gdy bénh trén 174 tré bang phuong phap nudi cdy va PCR
dich ty hau ghi nhan vi khuén thuong gap 1a M. pneumoniae
(24,1%), H. influenzae (15,5%) va S. pneumoniae (13,8%).
Trong nhiéu trudng hop, tré méc viém phoi thily rat kho xac
dinh cin nguyén gay bénh do khé 1iy dugc bénh pham tai vi
tri ton thuong. Vi vay, phan 16n cic nghién ciru vé nguyén
nhan viém phéi thuy thudng 1dy bénh pham tir dich ty hau,
nhung van con nhidu y kién chua tin tuong thuc su vao két
qué nay, ciing nhu lo ling vé viéc vi khuén tim duoc 1a vi

khuan cu tra hay vi khuan gay bénh.

Nhitng nim gan ddy ky thuat vi sinh c¢6 nhiéu tién bo,
v6i phuong phap céy dém chung ta co thé xac dinh duoc vi
khuén nao 1a vi khun gay bénh. Tuy nhién, liéu vi khuin
gay bénh tim thdy duoc tai dich ty hau c6 phai la cin nguyén
gy bénh viém phdi thiy van con 1a mot cau hoi. Vi vay,
nhom téc gia di tién hanh nghién ciru “Can nguyén vi khudn
trong dich ty hdu & bénh nhan viém phdi thuy tai Trung
tam Qudc té, Bénh vién Nhi Trung wong tir thang 3/2023
dén thang 2/2024” v6i muc tiéu: Xac dinh nguyén nhan vi
khuén tai dich ty hau ¢ tré viém phoi thiy bang phuong
phap multiplex real-time PCR va nudi cdy vi khuén; ty 18
d6ng nhidm véi viém phoi do M. pneumoniae va mét s6 yéu

to lién quan.
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2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

Tré tir 2 thang tudi d&én 18 tudi dwoc chin doan viém
phéi thuy didu tri tai Trung tim Qudc té, Bénh vién Nhi
Trung wong tir thang 3/2023 dén thang 2/2024.

Tiéu chudn chon bénh nhén:

- Viém phéi duoc chan doan theo tiéu chuin cua Bo Y
té [6].

- Hinh anh X-quang c6 gia tri chan doan xac dinh viém
phoi thuy khi ¢6 hinh mo cia tén thuong tap trung khu tra &

1 thily hay 1 ving cta 1 bén hay ca 2 bén phoi.

- Bénh nhan dugc ldy mau xét nghiém nguyén nhan vi
khuan dich ty hau.

Tiéu chuan logi trir: Tré mac viém phoéi c6 di tat bam

sinh kém theo.
2.2. Phwong phap nghién ciru

Nghién ctru mo ta loat ca bénh. Cac dac diém 1am sang,
can lam sang dugc danh gia dua trén hoi bénh va bénh an
nghién ctru.

Chan dodn viém phéi do M. pneumoniae [7]: Bénh
nhan dugc xac dinh 13 viém phdi va tim thiy déu 4n cua
M. pneumoniae trong bénh pham dich ty hdu va mau huyét
thanh:

- PCR M. pneumoniae duong tinh va IgM M. pneumoniae
duong tinh.

- Hodc: IgM M. pneumoniae chuyén tir am tinh sang
duong tinh.

- Hodc: Hiéu gia khang thé IgM M. pneumoniae ting
gip 2 lan.

Phwong phép xdc dinh can nguyén vi khudn cdy dich ty
hau: Nudi cdy vi khuan tir dich ty hau bang phuong phap
cdy dém. Két qua duoc goi 1a dwong tinh khi sé luong vi
khuan dat >10° CFU/ml.

2.3. Dao dirc nghién ciru

Tré va nguoi cham soc tré ty nguyén tham gia nghién

ctru. Thong tin ca nhan va thong tin trong hd so nghién ciru
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cua tré duoc gitt bi mat. Nghién ctru duoc Hoi dong Dao
duc, Bénh vién Nhi Trung wong thong qua sé 3949/QD-
BVNTW ngay 16/8/2023.

2.4. Xir ly s6 ligu

Phén tich s6 liéu bang phan mém SPSS 20.0.

< .
3. Ketqua

Nghién ctru trén 8106 hd so thu thap tai Trung tim Qudc
té, Bénh vién Nhi Trung wong, trong thoi gian tir thang
3/2023 dén thang 2/2024 dugc chan doan viém phdi, viém
phé quan phdi, ty 18 tré mic viém phoi thuy 1a 835/8106
(10,3%).

3.1. Pdc diém chung ciia doi twong nghién ciru

Bang 1. Bic diém chung chia ddi tweng nghién ciru.

Pic diém S0 lwgng T 18 (%)

<24 thang 221 26,5
Tubi 25-60 thang 374 44,8

>60 thang 240 28,7

Nit 406 48,6
Gi6i tinh

Nam 429 51,4

Thanh phé 584 69,9
Pia du

Nong thén 251 30,1

Tiém 6 trong 1 833 99,8
Tién str tiém ching

Tiém phé cdu 795 95,2

Co 146 17,5
Tién sir méc bénh duong ho hip

Khéng 689 82,5
Tlen' su st (}ung .kharAlg s1.1}h trong c6 549 657
1 thang trude khi nhap vién

Khéng 286 343

835 tré¢ tham gia nghién ctru c6 do tudi trung binh la
46,6+30,1 thang, nho nhat 1a 1 thang, 16n nhét 13 tudi, trong
d6 hay gip nhom tré 25-60 thang tudi (44,8%). Ty 1¢ nam va
nir mic bénh twong dwong nhau. Pdi tugng nghién ctru chit
yéu la tré séng ¢ thanh phd (69,9%). Hau hét tré déu duoc
tiém chiing miii 6 trong 1 va mili phé cau véi ty 1& lan lugt 1a
99,8 va 95,2 %. Ty 1& tré c6 tién sir mic bénh dudong ho hap
1a 17,5%. V& tién str sir dung thude, cb téi 549 tré (65,7%)
su dung khéang sinh trudc khi nhap vién (bang 1).

JHOAHOC . [
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3.2. Can nguyén vi khudn trong dich ty hau

s Amtinh = M. p iae * H. infl. 581  Am tinh & M. catarthalis = H. infl LY.

(A) Real-time PCR dich ty hau (B) Céy dich ty hau

28.10%

32.10%

Hinh 1. Can nguyén vi khuan trong dich ty hau phan lap bing phwong
phép multiplex real-time PCR (A) va nuéi cay dich ty hau (B).

Vi khuan trong dich ty hau phan lap béng phuong phap
multiplex real-time PCR cho ty 1€ tré duong tinh 1a 555/835
(66,5%) (hinh 1). Trong d6, vi khuan phd bién nhét 1a M.
pneumoniae 268/835 (32,1%), tiép theo 1a H. influenzae
235/835 (28,1%) va S. pneumoniae 183/835 (21,9%).
Phuong phap nay khong xac dinh duoc M. catarrhalis.

Can nguyén vi khuan gay bénh dwoc phan lap bang nudi
cdy dich ty hau 12 272/835 tré (32,6%) dwong tinh. Trong do,
H. influenzae chiém ty 1€ 146/835 (17,5%), M. catarrhalis
66/835 (7,9%), S. pneumoniae 62/835 (7,4%), xét nghiém
cdy thong thuong khong xac dinh duge M. pneumoniae.

Bang 2. b6 nhay va doé dac hiéu cua multiplex real-time PCR dich
ty hau so véi két qua nudi cly cua vi khuan H. influenzae va S.
pneumoniae.

Céy dich ty hau

H. influenzae  S. pneumoniae

Duong  Am Duong  Am
tinh tinh  tinh tinh
Duong tinh 129 106 50 133
Multiplex real-time PCR
Am tinh 17 583 12 640
Do nhay 88,3% 80,6%
Do dac hiéu 84,6% 82,8%

D6 nhay PCR dich ty hau so véi két qua nudi cdy cua
vi khuan H. influenzae 13 88,3%, d6 dac hiéu 1a 84,6%. Doi
voi S. pneumoniae A nhay la 80,6%, do dac hiéu la 82,8%
(bang 2).



s Khoa hoc Y - Duoc | Y hoc lam sang; Y hoc du phong

Bang 3. Ty lé viém phdi do M. pneumoniae theo Itra tudi.

Tubi n (%) Gia trip
<24 thang 43 (19,3%)
25-60 thang 111 (49,8%)

0,017
>60 thang 69 (30,9%)
Téng 223 (100%)

Bang 4. Pong nhiém vi khuan dién hinh v&i M. pneumoniae.

Vi khuén Don

Pong nhiém

nhiém  H. influenzae

Pong nhiém
S. pneumoniae M. catarrhalis

Ddng nhiém

M. pneumoniae

(n=223) 184

20

10

Bang 5. Mot s6 yéu t6 lién quan dén ddng nhiém cia vi khuan &
bénh nhan viém phdi thily do M. pneumoniae.

Lz Pon nhiém Pong nhiém .
Pic diém (n=184) (n=39) Giatrip
<24
thang 36 7
Tudi 260 gy 22 0,641
thang
00 s 10
thang
Nam 88 21
Gi6i tinh 0,494
Nix 96 18
e e e 2 0542
duong ho hap Co 2% 7
Tidnsttigm  hons 2 0 .
vaen Co 184 39
Thanh
phé 132 24
Pia du 0,207
Nong 5, 15
thon
Khong 180 38
Viém phdi ning 1
Co 4 1
<7ngay 98 22
Thoi gian 8-14
ndm vién ngay e 5 L2
>14 ngay 8 3
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Co 223/835 (26,7%) tré viém phdi thuy do M.
pneumoniae, trong d6 hay gip nhat lic 25-60 thang, su khac
biét nay co ¥ nghia thong ké v6i p<0,05. Ty 18 tré <24 thang
viém phéi do M. pneumoniae 14 19,3% (bang 3).

3.3. Sw dong nhiém vi khuén dién hinh véi M.

pneumoniae va mot so yéu to lién quan

Két qua nghién ciru 835 bénh nhan dugc chan doan viém
phdi thuy c6 223 bénh nhan viém phéi do M. pneumoniae,
trong d6 184 bénh nhan chi tim thiy mot nguyén nhén 1a M.
pneumoniae va 39 bénh nhan (17,5%) dong nhiém véi vi
khuén khac (bang 4).

Khong co6 sy khac biét vé céc dic diém nhan khiu hoc
(tudi, gioi tinh...) gitta nhom don nhidm va dong nhiém &
bénh nhan viém phdi thity do M. preumoniae (p>0,5). Didu
nay chimg to cac yéu tb trén khong lién quan dén nguy co

ddng nhiém vi khuén & bénh nhan viém phéi thiy (bang 5).
4. Ban luan

4.1. Pic diém vé nguyén nhan vi khudn trong dich ty
hdu 6 bénh nhén viém phéi thity

Trong thoi gian nghién ctru tir thang 3/2023 dén thang
2/2024 tai Trung tam Qudc té, Bénh vién Nhi Trung wong,
ty 16 tré viém phdi thury chiém 835/8106 (10,3%) tong sb tré
nhap vién dugc chin doan viém phdi, viém phé quan phoi.
Két qua nay cao hon so véi nghién ctru ciia D.M. Tuan va cs
(2020) [3] thyuc hién tai Khoa Ho hép, Bénh vién Nhi Trung
wong nam 2008-2010 1 68/7560 tré (0,9%) va thap hon so
v6i nghién ciru tong quan cua Hiép hoi Long nguc Anh nim
2011 [8], phan tich tir 2076 nghién ctru thyc hién trén dbi
tuong tré 0-16 tudi 1a 17,6%.

Két qua phan lap bang phuong phap multiplex real-time
PCR trong nghién ctru ctia ching t6i co6 ty 1¢ duong tinh
1a 555/835 (66,5%), voi ty 1& lan lugt 14 M. pneumoniae
32,1%, H. influenzae 28,1% va S. pneumoniae 21,9%. Péi
v6i phuong phap nudi ciy dich ty hdu khong bao gdbm M.
pneumoniae do doi hoi moi trudng nudi cay dic biét thi ty 18

duong tinh chi c6 272/835 (32,6%) tré. Két qua nghién ciru
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ctia chung t6i twong dong véi nghién ciru cia M. Jinghua
va cs (2017) [9] vai ty 1€ tré duong tinh 1a 265/759 (34,9).
Trong 262 tré, ty 1& vi khuan lan luot 1 H. influenzae chiém
146/835 (17,5%), M. catarrhalis chiém 66/835 (7,9%) va
S. pneumoniae chiém 62/835 (7,4%). Két qua nghién ciru
nay cho thdy, su thay d6i vé nguyén nhan vi khuan gay
bénh & bénh nhan viém phdi thuy dic biét su thay doi ty 16
M. catarrhalis trong két qua cy dich ty hau, ddy 1a nhom
nguyén nhan can luu ¥ trong diéu tri. Viéc giam ty 1¢ mic
S. pneumoniae va taing M. catarrhalis trong két qua nghién
clru cua chung t6i phtt hgp véi mé hinh chuyén doi nguyén
nhan gy bénh duong ho hip chung tai Bénh vién Nhi Trung
wong giai doan 2020-2024. B¢ giai thich nguyén nhan hién
tuong nay, c6 thé 1 do vai tro cua véc xin phong phé cu
duong ho hip dugc trién khai tir nim 2016 trén cong dong
(trong nghién ctru cua chung t6i ty 1€ tré duogc tiém phong

vic xin phé cau 1a 95,1%).

Trong két qua nghién ctru cua ching toi cho thiy,
multiplex real-time PCR 1a mot phwong phap chin doan
nhanh, ¢6 d6 nhay, d6 dac hiéu trén 80%. Diéu nay giup cho

cac bac si xac dinh duoc nguyén nhan gay bénh.

C6223/835(26,7%) tré mac viém phdi do M. pneumoniae
chu yéu hay gap & nhom 25-60 théang (49,8%), su khac biét
nay co y nghia thong ké. Ty 1& nhidm M. pneumoniae trong
nghién ciru ciia chung toi twong ddng voi nghién ciru cia
T. Juvén va cs (2000) (26%) [10], nhung thp hon nghién
ctu cia C.J. Chen va cs (2012) [11] va Y. Lu va cs (2018)
[12] véi ty 1& nhiém M. pneumoniae lan lugt 1a 36,8 va
30,6%. Ty 1é tré <24 thang viém phdi do M. pneumoniae
14 19,3%. Diéu nay cho thiy, M. pneumoniae 1a cin nguyén
quan trong gay viém phoi thuy o tré¢ em va lua tudi mic phai
dang nho dan so véi nghién ctru ctia J. Gao va cs (2015) [1]

(thuong d& cap khoang 4-6 tudi trg 1én).

4.2. Ty 1¢ dong nhiém véi viém phéi do M. pneumoniae

va mgt so yéu to lién quan

Trong 223 tré viém phdi do M. pneumoniae c6 184 bénh

nhan don nhiém va 39 (17,5%) bénh nhan d&”)ng nhiém voi
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can nguyén khac, cha yéu 1a H. influenzae 20/39 bénh nhan.
835 tré viém phoi thily tham gia nghién ctru c¢6 do tudi trung
binh 46,6+30,1 thang, nho nhat 1a 1 thang tudi va 16n nhat
1a 13 tudi. Trong d6, nhom tré 2-5 tudi chiém ty 1¢ mac bénh
cao nhét 44,8%. Ty 1é nam va nit méic bénh tuong duong
nhau. Pic biét, nhom tré séng & thanh phd viém phdi thuy
chiém ty 1& cao (69,9%). Hau hét tré déu duoc tiém chung
miii 6 trong 1 va miii phé cau véi ty 18 1an luot 13 99,8 va
95,2%. Co 549 tré (65,7%) st dung khang sinh trudc khi
nhdp vién. Ty 1¢ tré c6 tién st mac bénh dudong ho hép la
17,5%.

Trong nghién ctru ctiia ching t6i khong co sy khac biét
gitta nhém don nhiém va dong nhiém & bénh nhan viém
phoi do M. pneumoniae véi cac dac diém nhan khau hoc va

lam sang ctia bénh nhan.
5. Két luan

Két qua phan lap bang multiplex real-time PCR dich ty
hau cho ty 1¢ vi khuan pho bién nhat gay viém phdi thuy la
M. pneumoniae (32,1%), tiép theo 1a H. influenzae (28,1%)
va S. pneumoniae (21,9%). D6i voi phuong phap nudi cy
vi khuan thi cin nguyén hay gip 1a H. influenzae (17,5%),
sau do 1a M. catarrhalis (7,9%) va S. pneumoniae (7,4%).
Phuong phap multiplex real-time PCR c6 d¢ nhay va do
dac hi¢u cao (>80%) giup xac dinh chinh xac va toan dién
céc can nguyén vi khuan. Ty 1 bénh nhan viém phoi do M.
pneumoniae 1a 26,7%, thuong gap & nhom tré 2-5 tudi. Ty
1¢ dong nhiém viém phdi do M. pneumoniae v6i vi khuén
dién hinh khac 1a 17,5%. Khong cé su khac biét gitra nhom
don nhim va ddng nhiém ¢ bénh nhan viém phdi do M.
pneumoniae v6i dic diém nhan khau hoc va 1am sang cia

bénh nhan.

Tir két qua nghién ctru, chiing t6i khuyén nghi, khi chua
¢6 phuong phép chin doan nguyén nhan chinh xac tir vi
tri ton thuong tai nhu mé phdi thi xac dinh cin nguyén vi
khuan trong dich ty hau 1a diéu can thiét dé dinh hudng chan

dodn nguyén nhan va diéu tri.
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thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
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Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Khio sat thanh phin héa hoc, hoat tinh khing vi sinh vt va khing oxy
héa cia cao chiét tir vé lua hat diéu (dnacardium occidentale L.).
Nguyén Thi Dung, Nguyén Van Todn, Pham Hai Son, Bii Lé Kha Ti,
Nguyén Thi Liéu, Biii Bao Thinh

Nghién ciru va danh gia tinh an toan cia ching Bacillus subtilis Eramic
26 ing dung trong sin xuét probiotic.

Doan Thi Thuy Linh, Pao Gia Bach, Luu Thi Thiy Ngdn, Ngé Ba Binh,
Hoang Thi Thanh Hoa, Nguyén Vii Trung, Lé Thi Hgi

Nghién ciru thiét ké h¢ théng thiét bi hiéu chuin/kiém dinh thuéc cudn,
thude vach ¢6 pham vi do dén 30 m.

Tran Xudn Dat, T éng Cong Diing, Lé Xudn Diing, Ti van Nam Anh, Vii Khanh
Phan, Nguyén Xudn Thdi, Nguyén Ngoc Danh

Panh gia kha ning khang xuyén ciia mot sb vat liéu cat ing dung dip
u bdo vé tau bay.
Nguyén Vian Hiéu, Dirong Duy Khdanh, Nguyén Xudn Bang, Tran Cong Binh

Anh huéng ciia chit lwong nuwée twoi dén tinh chét dét trdng rau khu
vue Gia Lam, Ha N§i.
Duong Thi Kim Thw, Nguyén Thi Hang Nga, Nguyén Thi Ngoc Dinh

Poi méi quy trinh may dép tai théng qua nghién ctru, thiét ké, ché tao
hé théng cit, gi, dudng ban ty dong lip cho may lap trinh Juki AMS-
221EN/2516.

Hodng Xudn Hiép, Nguyén Sy An, Nguyén Vin Lam, D6 Xudn ChiF, Diong
Thi Hoan

Ché tao va nghién ciru tinh chit quang ciia vat liéu MgGa,O, pha tap
Cr.

Nguyén Anh Tuyét, Vii Hong Pang, Tran Viét Hing, Dirong Thi Hio Dung,
Ngé Mai Chi, Hoang Minh Tudn, Neuyén Van Quang, Vii Thi Kim Lién

Phan tich methanol trong xing bing k§ thuit chiét 16ng - 16ng két hop
sic ky khi detector ion héa ngon lira (GC-FID).

Hodng Thi Huong Thao, Nguyén Diéu Xudn, Mai Thi Phuwong Thao, Khudt
Ngoc Hai, Vii Puc Loi

Anh huong ciia phwong phap sy dén thanh phin héa hoc va dic tinh
héa Iy ciia tio xoin Spirulina platensis.
Nguyén Trong Béch, Tran Bio Duy, Lé Bén, Pinh Vin Hién

Téng hop vt lidu nano sit bing dich chiét 14 bang (Terminalia catappa
L.) va ting dung kich thich nay mim hat ngé.

Nguyén Ddc Binh Minh, Pao Vin Minh, Nguyén Thi Hong Phwong, L Pirc
Duong, Nguyén Hoai Phwong, Nguyén Thi Viét Quynh, Phan Thi Vian Anh

Téi wu didu kién siy bom nhiét két hop birc xa hdng ngoai cho ci dira
Pangasius krempfi.

Hoang Thai Ha, Pdng Xudn Cwong, Vii Quang Vinh, Tran Tudn Kiét, Lé
Thinh Pat, Podn Hodng Thdi, Tran Duy Thugn, Nguyén Thiy Nga, Tran
Dinh Toan Anh

Ty 1¢ mic sarcopenia & ngudi bénh phdi tic nghén man tinh diéu tri
ngoai tri tai Bénh vién Phdi Nghé An nim 2024,
Dang Anh Tudn, Lé Pitc Cirong, Pham Thi Dung

Ciin nguyén vi khuén trong dich ty hiu ¢ bénh nhén viém phéi thiy tai
Bénh vién Nhi Trung wong tir thang 3/2023 dén thang 2/2024.

Neuyén Thi Mai, Tran Thanh Ti, Dwong Thi Thuy, Nguyén Ngoc Van,
Nguyén Thi Thu Hang, Vii Pirc Anh, Nguyén Huy Khdanh

G Investigation of the chemical composition, antimicrobial and antioxidant
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activities of cashew nut testa extracts (4dnacardium occidentale L.).
Thi Dung Nguyen, Van Toan Nguyen, Hai Son Pham, Le Kha Tu Bui, Thi Lieu
Nguyen, Bao Thinh Bui

Research and safety evaluation of the Bacillus subtilis Eramic 26 strain
for application in probiotic production.

Thi Thuy Linh Doan, Gia Bach Dao, Thi Thuy Ngan Luu, Ba Binh Ngo, Thi
Thanh Hoa Hoang, Vu Trung Nguyen, Thi Hoi Le

Research and design of a calibration and verification system for tape
measures and rulers with a measurement range of up to 30 metres.
Xuan Dat Tran, Cong Dung Tong, Xuan Dung Le, Nam Anh Tran, Khanh
Phan Vu, Xuan Thai Nguyen, Ngoc Danh Nguyen

Assessment of the penetration resistance of sand materials for aircraft
protection fortifications.
Van Hieu Nguyen, Duy Khanh Duong, Xuan Bang Nguyen, Cong Binh Tran

The impact of irrigation water quality on soil properties in vegetable-
growing areas of Gia Lam, Hanoi.
Thi Kim Thu Duong, Thi Hang Nga Nguyen, Thi Ngoc Dinh Nguyen

Innovation of the pocket attachment sewing process through research,
design, and fabrication of a semi-automatic jig-fixture-template system
for the Juki AMS-221EN/2516 programmable sewing machine.

Xuan Hiep Hoang, Sy An Nguyen, Van Lam Nguyen, Xuan Chu Do, Thi Hoan
Duong

Synthesis and research on optical properties of Cr**-doped MgGa,O,
phosphors.

Anh Tuyet Nguyen, Hong Dang Vu, Viet Hung Tran, Thi Hao Dung Duong,
Mai Chi Ngo, Minh Tuan Hoang, Van Quang Nguyen, Thi Kim Lien Vu

Determination of methanol in gasoline using liquid-liquid extraction and
gas chromatography-flame ionisation detector (GC-FID).

Thi Huong Thao Hoang, Dieu Xuan Nguyen, Thi Phuong Thao Mai, Ngoc
Hai Khuat, Duc Loi Vu

Effects of drying method on chemical composition and physicochemical
properties of Spirulina platensis.
Trong Bach Nguyen, Bao Duy Tran, Ben Le, Van Hien Dinh

Synthesis of iron nanomaterials using Terminalia catappa L. leaf extract
and their application in stimulating maize seed germination.

Dac Binh Minh Nguyen, Van Minh Dao, Thi Hong Phuong Nguyen, Duc
Duong La, Hoai Phuong Nguyen, Thi Viet Quynh Nguyen, Thi Van Anh Phan

Optimisation of infrared radiation-assisted heat pump drying for
Pangasius krempfi.

Thai Ha Hoang, Xuan Cuong Dang, Quang Vinh Vu, Tuan Kiet Tran, Thanh
Dat Le, Hoang Thai Doan, Duy Thuan Tran, Thuy Nga Nguyen, Dinh Toan
Anh Tran

Prevalence of sarcopenia among outpatients with chronic obstructive
pulmonary disease at Nghe An Lung Hospital in 2024.
Anh Tuan Dang, Duc Cuong Le, Thi Dung Pham

Bacterial pathogens in nasopharyngeal samples of lobar pneumonia in children
at the Vietnam National Children’s Hospital from March 2023 to February 2024.
Thi Mai Nguyen, Thanh Tu Tran, Thi Thuy Duong, Ngoc Van Nguyen, Thi Thu
Hang Nguyen, Duc Anh Vu, Huy Khanh Nguyen
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