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TOM TAT

Spirulina platensis c6 gid tri dinh dwéng cao va dwoc iing dung nhiéu linh vue, ddc biét trong linh vuee
thuwe pham. Tuy nhién sw phdn tan trong nude cia tao khé khéng on dinh, chiing dé bi lang dong trong thoi
gian ngan. C6 nhiéu yéu t6 anh hwéng dén qud trinh ldng ciia tdo, & nghién civu nay, ti Ié tao trong nude, pH,
sucrose va kappa carrageenan (k-car) c6 anh hwong ding ké dén sw lang dong ciia tao khé trong nude. Tdao
ldng véi toc d¢ nhanh ¢ 20 phit dau, sau dé toc do giam dang ké sau 50 phit lang. Khi bé sung sucrose hay
Kk-car véi ti 1é lan luot tir 15% hay 0,05% tro lén thi tinh é6n dinh cia tao trong dung dich tot hon, ti 1¢ khodng
liang dong giam xuong con duwdi 18% sau 90 phiit cho ling. O méi truong pH 8,5, tdo lang sém nhat va chim
nhat la 6 pH 4,6. Két qua nghién civu chi ra rang, tdo xodn c6 khd nang phdn tan tét hon va on dinh hon trong
moi truong axit hay trung tinh dudi sy co mat cua sucrose hay k-car voi ti I¢ sir dung du lon.

Tir khéa: Spirulina platensis, sucrose, kappa carrageenan, pH, tdo xodn

Abstract

Spirulina platensis has a high nutritional value and is applied in many fields, especially in the food indus-
try. However, the dispersion of dried spirulina in water is unstable, they are prone to sedimentation in a short
time. There are many factors affecting the sedimentation process of spirulina. In this study, the ratio of spiru-
lina, pH, sucrose and kappa carrageenan (k-car) significantly affected the sedimentation of dried spirulina in
water. Spirulina settled rapidly in the first 20 minutes, then the rate decreased significantly after 50 minutes of
sedimentation. When sucrose or k-car was added at a ratio of 15% or 0.05% or more, the stability of spirulina
in solution was better, the sedimentation rate decreased to below 18% after 90 minutes of sedimentation. In
an environment of pH 8.5, spirulina settled earliest and slowest at pH 4.6. The research results showed that
spirulina has better dispersion ability and is more stable in acidic or neutral environment in the presence of
sucrose or k-car at a sufficiently large usage rate.
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I. PAT VAN PE ¢6 kha ning chdng oxy hoa va chdng viém

Tao xoin (Spirulina platensis) 1a mot loai
vi tao dang soi x04n mau xanh luc c6 thanh
phan dinh dudng da dang va chiém ti trong 16n
[1]. Mot trong cac thanh phan c6 gia tri dinh
dudng cao trong tao xodn 14 protein, c6 thé dat
t61 75% theo khdi lwgng kho ciia tao, va ching
bao gom tit ca cac axit amin thiét yéu 12, 3].
DPong thoi Spirulina platensis chira nhiéu loai
khoang chat nhu sit, kali, canxi, mangan, phdt
pho, dong, magié va kém; cac vitamin nhu A,
E, K, C, B [4]. Cling nhu cac sdc to ctia nd bao
gdm carotenoids, chlorophyll va phycocyanin

dugce st dung trong nganh cong nghiép my
pham, y duoc va thuc pham chirc nang [3, 5-7].

Céac hop chét trong tao tuoi rat nhay cam
voi nhiét do [8, 9], anh sang [10], hoat dong
cuia enzyme noi tai [11], vi sinh vat,... lam cho
chét lugng cua tao tuwoi giam theo thoi gian
do cac qua trinh thiy phan, oxy hoa cac thanh
phan cé trong tao. Do véy, sinh khdi tao tuoi
sau thu hoach thuong dugc ép tach bét nudce
trude khi séiy, dac biét 1a séy thang hoa, dé loai
b6 nude ra khoi sinh khdi tao dé duy tri chat
lwong cua tio nham kéo dai thoi gian bao quan.
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Tuy nhién, mac du phuong phap lam khé co
thé 14 hoan hio nhit nhung tao van c6 nhiing
bién d6i nhat dinh khi lam kho. Do d6 tao kho
khi duoc hoa tan trong moi truong nudc gap
tré ngai vé do hoa tan phan tan déu trong nudc.
V6inhiing gia tri st dung cua tdo xoan trong
nhiéu linh vic cua doi séng xa hoi da duoc
cong nhan, vié¢c s dung tdo nhu 1a nguyén li¢u
chinh hay phy liéu trong san xuit thuc pham
dang ran/sét thi rat d& dang [12]. Nhung v&i
nhitng ng dung ma san pham & dang 1ong
thi qua trinh lang dong ciia tio 1a mot thach
thirc 16n. Dung dich chira tao c6 xu hudng ling
nhanh, dan dén hién tugng phan tf?lng, lam giam
d6 dong nhat va chat lugng cam quan cua san
pham cubi cing. Didu nay 1am anh huéng dén
gi4 tri cam quan clia san pham trong qua trinh
bao quan, van chuyén va st dung san pham.
V6i sy bién tinh ciia tao trong qué trinh lam
kho, cling nhu dic tinh nguyén ban tio xoan
c¢6 kich thudc dang ké ma ngay ca tao tuoi
cling c6 thé lang dong khi dé trong méi trudng
long dé yén tinh. Su bién ddi chat lugng gay
ra sy ling dong cla tao, mot trong cac thanh
phan dang quan tam 13 protein va ham luong
phycocyanin. Diéu nay phu thudc vao nhiéu
yéu t6 nhu anh huong cua pH [13-20], nhiét
do [9, 21], phu gia [13], polyme sinh hoc [13,
15, 16, 18, 19]. Cac nghién ciru anh hudng nay
moi chi tap trung vao anh hudng cia cac yéu tb
dén diéu kién nuoi [10], anh huong cua pH dén
diéu kién hoa tan tach protein ra khdi tao [14,
17, 20, 22] hay anh huéng cia pH dén sy ling
dong cua tdo dudi sy c6 mat cia polyme khac

la chitosan [18]. Aysun Yiicetepe va cong su
(2020) [18] da dung két hop bd sung chitosan
két hop véi didu chinh pH tir 2-10, két qua cho
thdy c6 sy anh huong 16n dén do hoa tan, su
két ty tio xay ra & pH gan pH trung tinh, ching
¢6 tinh tan dong nhét & pH thip (< 4) hoic cao
=7).

0 nghién ciru nay, dé giai quyét vin 1am sao
dé han ché su lang dong nham dinh huéng cho
nhing tmg dung st dung tao xodn kho trong
san xudt san pham dang long, chung toi tp
trung khdo sat anh hudng cua ti 1& tao xoan,
pH ctia moi truong, ti 1€ sucrose hay kappa
carrageenan bd sung dén s ling dong cua tio
theo thoi gian. Ky thuat xac dinh murc d6 lang
dong cua tao dugc su dung la nhiing quan sat
cin ban ciing nhu k¥ thuat do d6 hap thy song
UV cua tdo trong dung dich theo thoi gian, tur
d6 tinh toan dugc toc do ling dong, ti 1¢ ling
dong cuia tao kho trong dung dich.

II. NGUYEN LIEU VA PHUONG PHAP

NGHIEN CUU

1. Nguyén li¢u

1.1. Nguyén li¢u chinh

Tao xoan (Spirulina platensis) tuoi tir Trai
nudi tao xoan ¢ xa Ninh Tho, thi xa Ninh Hoa,
Khanh Hoa duogc rra qua nudc sach 3 lan va
ép rdo dén d6 am 92,07+0,45%. Tao twoi duoc
dan déu 1 cm trén khay sdy inox va dugc sdy
thang hoa ¢ nhiét o -30 °C trong 24 gid trong
ta sdy thing hoa Telstar (LyoBeta 35, Tdy Ban
Nha). Tao xodn kho c6 do 4m 4,93+0,21%
dugc dung trong tui PA hut chan khong va bao
quan & nhiét d6 phong dé phuc vu nghién ctru.

Hinh 1: Téo xoin khd chwa xay nhé (trai) va da xay nhé (phai)
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1.2. Nguyén liéu phu, héa chit

Kappa carrageenan (k-car): 1a san pham cua
hang Sigma-Aldrich (CAS: 11114-20-8)

Sucrose: Pat chuan hoa chét phan tich ciia
hang Xilong (CAS: 57-50-1)

HCIl, NaOH: Pat chuin hoa chit phan tich cua
hang Xilong (CAS: 7647-01-0, CAS: 1310-73-2)

2. Phuong phap nghién ciru

2.1. Bo tri thi nghi¢m

O nghién ctu nay tdp trung khao sat anh
hudng cua ti 1€ tdo, pH, sucrose, va k-carrageenan
dén sy ling dong clia tio kho trong nudc.

Khao sat anh huong cua ti I¢ tao trong nuoc:
Tao xodn kho dugc hoa tan phan tan vao nudc
o cac ti 1¢ 0,07%, 0,1%, 0,12%, 0,25%, 0,5% va
1%. Hon hop duoc khudy lién tyuc trong 15 phut &
40 °C trude khi tién hanh quan sat, phan tich mirc
d6 lang dong cua tao trong dung dich.

Khao sat anh huong ciia pH: 100 mg bot tao
(theo chét khd) duoc hoa tan phén tan trong 100
mL nude duge diéu chinh pH =4,6; 7,0 va 8,5
bang HCI 1M hodc NaOH 1M. Hén hop duoc
khudy lién tuc trong 15 phut & 40 °C trude khi
tién hanh quan sat, phan tich muc do ling dong
ctia tdo trong dung dich.

Khao sat anh huéng cua ham lwong sucrose
b6 sung: 100 mg bot tao (theo chét kho) dugc hoa
tan phén tan trong 100 mL dung dich chaa 0%,
5%, 10%, 15%, 20%, 25% sucrose & nhiét d6 40
°C. Hon hop duoc khudy lién tuc trong 15 phiit
trude khi tién hanh quan sat, phan tich mirc do
ling dong cuia tao trong dung dich.

Khao sat anh huong cua ham luong xappa
carrageenan (k-car) bé sung: 100 mg bot tao
(theo chét khd) duoc hoa tan phén tan trong 100
mL dung dich chira 0%; 0,01%; 0,05%; 0,1% va
0,2% «-car & nhiét do 40 °C, dugc khudy lién tuc
trong 15 phit. Sau d6 tién hanh quan sat, phan
tich mirc do ling dong cta téo trong dung dich.

2.2. Phwong phdp danh gia

2.2.1. Phuwong phdp quan st

Pé theo ddi muc do ling dong cia tao
duoc tién hanh bang cach rot dich tao vira hoa tan
ddng nhét vao lo thuy tinh ¢6 duong kinh 1,5 cm
dé dung yén ¢ diéu kién nhiét do phong (25+2°C)
va theo ddi su ling dong ciia tao theo thoi gian
bang cach chup lai hinh anh lo miu & cic mbc
thoi gian. Thi nghiém dugc chyp trong phong
didu hoa nhiét do (DxRxC=7x3x3,5 m) duoc

trang bi 8 bong dén led 1,2 m gan trén trin. Mau
duoc chup tir khoang cach 30 cm tinh tir camera
dén mAu.
2.2.2. Phuong phdp xdc dinh dé hdp thu buée
song UV
Dich tao hoa tan duogc rot vao cuvet thach anh
(day 1 cm) va do d6 hip thy tai budc song 440 nm
bang thiét bi do UV-VIS UVS-2800 (Labomed,
Mg¥). Po hip thu budc séng UV duge quét lién
tuc sau moi 5 gidy va duoc luu lai dé su dung
phan tich su ling dong cua tao theo thoi gian.
2.2.3. Phwong phdp xac dinh toc dé lang
Tir két qua quan sat lo mau lang 0 trang thai
tir nhién dugc d6 chiéu cao 10p lang (H, mm) tai
thoi diém (t, phut). Cong thirc tinh tdc do lang (v,
mm/phut) nhu sau:
H
v=—
t
2.2.4. Phurong phdp xdc dinh ti ¢ khodng ling
Ti 1é khoang lang 14 ti 1¢ % giita chiéu cao 16p
ling (H, mm) so v&i tong chidu cao dung dich (h,
mm). Cong thirc tinh ti 1¢ khoang ling (%) nhu
sau:

. H
Ti 1€ khoang lang (%) = =

III. KET QUA VA THAO LUAN

1. Anh hwéng cia ti 1¢ tio trong nwée dén
sr ling dong ciia tio

Két qua Hinh 2 cho thiy su ling dong cua tao
1a khéc nhau khi ti 1€ tdo trong nudc khac nhau,
d6 hap thu song UV (Abs) tai budc song 440 nm
tang ti 1€ thuan vai ti 1€ tao trong nudc (hinh 2A).
Abs gidm theo thoi gian, dac biét mau tao co ti 16
dudi 0,25% gia tri Abs giam manh sau 30 phut,
va dan 6n dinh sau 50 phat. Ké dén 1a mau c6 ti 16
0,25 va 0,5% gia tri Abs giam dang ké, va gia tri
Abs giam khong dang ké 1a mau ti 1¢ 1%. Su thay
dbi két qua nay twong tmg khi quan sat tryc tiép
qué trinh ling cta tao trong dung dich (két qua
khéng trinh bay trong bai nay), tio lang tao dung
dich trong dan va thé hién 5 rang nhit & mau co
i 1¢ dudi 0,25% sau 50 phut. Toc do lang ciia tao
giam manh thoi gian dudi 40 phut dau, sau d6 toe
d6 lang giam nhe ¢ thoi gian tiép theo (Hinh 2B).
Mu c6 ti 18 tao cao toc d6 lang thip hon mau co
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ti 18 tao thap. Pay 1a 1y do tai sao thoi gian dau
tdc do lang cao, sau d6 giam dan chinh 14 do thoi
gian d4u mat do tao thép nén tdc do léng €ao, sau
do khi tao cang ldng nhiéu lam cho mat do tao
tang 1én gdy can tré qua trinh lang O mot thong
s6 khac, sau 5 phut di c6 sy xuat hién sy ling

dong nhung vai ti 1¢ thap (<10%) sau do ti 1¢ nay
tang theo thoi gian (Hinh 2C). Ti 1¢ khoang lang
dong tang ti 1¢ nghich vai ti 1¢ tdo. Sau 90 phut,
ti 16 khoang ling dong co thé dat 40% & ti 18 tao
1% nhung tang 1én khoang 64% khi ti 1€ tdo gidm
di 10 lan.
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Hinh 2: P hip thu tai buéc séng 440 nm (A), Téc dd ling (B) va Ti 1¢ khoang ling dong (C) ciia tao
& cac ti 1€ khac nhau theo thoi gian.

2. Anh huéng ciia  pH dén sur Ling dong cia tiao
pH ciing 1a mot yéu t cong ngh¢ can quan tam,
tuy loai thuc pham ma pH c6 thé 1 axit, trung tinh
hay bazo. Su ling dong cta tao bit ddu xuit hién
sau 10 phut nhung bang mét thuong khé thiy su
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khéc biét giita cac mau co pH khac nhau (két qua
khong trinh bay trong bai nay). Nhung khi xac
dinh d6 hap thu séng UV (Abs) tai budc song 440
nm cho thiy mau & pH 8,5 ling sém nhét, mau tao
& pH 4,6 ldng cham nhit va gi4 tri Abs giam manh
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trong giai doan 20-40 phat (d6i v6i mau pH=8,5),
tir 30-50 phut (mau pH=7) va tir 35-65 phut (mau
pH=4,6); sau d6 6n dinh va giam khong dang ké
(Hinh 3A). Sau giai doan ling manh thi mat do
tao tang 1én 1am cho tdc do ling giam khong dang
ké (Hinh 3B). Sau thoi gian 5 phut, ti 16 khoang
ling dong khoang 5,8-9,4%, nhung theo thoi gian
ti 1& ndy ting 1én dang ké, mau & pH=8,5 cao nhat
va thip nhat 1a & pH=4,6. Ti 1¢ lang dong tang Ién
49,8% sau 90 phut d6i véi mau & pH=4,6 nhung

1én dén 76,6% dbi voi miu ¢ pH=8,5 (Hinh 3C).
0 pH=7 va pH=8,5 protein cta tdo xoan co thé
zeta khoang -45 mV nén kha nang hoa tan protein
trong tao cao hon ddi voi & pH=4,6 gan diém dang
dién pI ~ 3,5 [23]. Mat khac, & pH=8,5 d) hoa tan
protein cua tdo cao hon & pH=7 [14]. Do vay mirc
d6 bi pha hay, hoa tan ciia protein s& giam dan khi
pH giam, ddy 14 Iy do khi quan sat thay mau tao &
pH=8,5 ling sém nhat, sau d6 dén lan luot & pH=7
va pH=4.
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Hinh 3: P hip thu tai buéc séng 440 nm (A), Téc dd ling (B) va Ti 1¢ khoing ling dong (C) ciia tao
& cac pH khac nhau theo thoi gian.

3. Anh huéng ciia sucrose

Trong san phém thuc phém, sucrose duogc
thém vao dé 6n dinh mau va bao vé cac chit
¢6 hoat chét sinh hoc, chung cling ciing 1a mot
thanh phan tao vi cho san phim [19, 24]. Anh

hudng cta sucrose dén qua trinh ling cua tao
1a kha dang ké (Hinh 4). Khi dung dich c6 b
sung 5-10% sucrose cling tao ra sy cai thién vé
qua trinh ldng so v&i mau khong dung sucrose,
tuy nhién sy anh huéng rd rét nhit dén sy ling
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dong ciia tao qua xac dinh do hap thu _song
UV tai budc song 440 nm ddi v6i cac mau bo
sung tir 15% sucrose trd 1én (Hinh 5A). Dung
dich c6 chura ti I¢ sucrose cang tang thi n6 cang
lam cham qué trinh ling cua tao. Didu nay co
thé giai thich boi phuong trinh cua dinh luat
Stocks khi d nhét ctia pha lién tuc tang thi pha
phan tan c6 toc d6 lang giam. Pay ciing 1a 1y do
giai thich tai sao & mau c6 ti 1¢ sucrose cao thi
toc d6 ling thap hon (Hinh 5B). Ciing tuong tu
giai thich trén thi khi mat do tao ling phia day
cang tang thi toc do ling cang giam sau mot
thoi gian chd ling. Tuy nhién khi mat d¢ tao
lang phia dudi dung dich tang chi lam giam toc

i by
mm 'mll il

d6 lang chir khong lam két thiic qua trinh lang,
d6 1a 1y do ti 1¢ khoang ling dong cua tao ting
khi ting thoi gian ling. Duéi sy c6 mit cua
sucrose ti 1¢ khoang ling dong giam dang ké,
ti 16 nay giam di 1,34 1an néu dung dich c6 bd
sung 5% sucrose va giam di 11,22 1an néu dung
dich chira 25% sucrose khi cung so sanh & 90
phut dé ling (Hinh 5C). M. Faieta va cong su
(2020) hay Yan Huo va cong sy (2022) ciing st
dung sucrose va Trehalose/ hay glucose dé lam
on dinh tinh bén nhiét cua phycocyanin duoc
chiét tach tir tao xoan, két qua cho thay tinh bén
nhiét ting 1én khi ting ndng do dudng [15, 19].

30 hut

Hinh 4: Hinh anh theo déi qua trinh ling ciia tdo 0,1% & cac ti I¢ sucrose khac nhau theo thoi gian
(trai qua phai: 0, 5, 10, 15, 20 va 25%)
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Hinh 5: P§ hép thu tai buée séng 440 nm (A), Téc dd la?'mg (B) va Ti I¢ khoang lzT'mg dong (C) cia tio &
cac ti 1€ sucrose khac nhau theo thoi gian.

4. Anh huéng ciia k-car

Ciing twong ty nhu vai sy c6 mat clia sucrose
tao ra dung dich c6 do nhot, carrageenan (dugc sir
dung nhu 12 mot chét lam dic trong thuc pham)
khi hoa tan trong nudc ciing tao thanh mot dung
dich nhét ngay ca ¢ mot ti 1€ st dung rat th:?ip, do
14 1y do 1am cho tio lang cham trong dung dich.
Téo lang cham khi ti 1¢ k-car trong dung dich tang,
sau 15 phut d4 xuat hién tio ling & dung dich c6 ti
1€ «-car dudi 0,05%, ching léng manh sau 30 phut
khi quan sat sy thay doi do hap thy séng UV tai
budc song 440 nm (Hinh 6A). Véi su c6 mat chi
0,05% k-car, c6 tac dung lam cham rd rét qua trinh
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ling ctia tao, toe do lang c6 thé giam khoang 2,3
lan va toc do ling giam khi ting ti 1 k-car trong
dung dich (Hinh 6B). Ti 1é khoang ling dong cta
tao tang khi giam ti 1¢ k-car trong dung dich va
thoi gian dé lang ting. Sau 90 phut dé ling tu
nhién & nhiét do phong, ti 1¢ khoang ling dong
cua tao giam 1,6 lan khi dung dich duoc bd sung
0,01% K-car, va giam 8,42 lan néu c6 mit 0,2%
k-car (Hinh 6C). Anisa Nada Farhah va cong su
(2020) dung két hop 0,18% natri alginat va 0,02%
K-car dé 1am 6n dinh san pham kem tao spirulina
platensis, v61 sy c6 mat cua hai polysaccharide
nay, cAu trac cua kem duoc cai thién dang ké [16].
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Hinh 6: P hip thu tai buéc séng 440 nm (A), Téc dd ling (B) va Ti 1¢ khoing ling dong (C) ciia tio &
cac ti 1€ k-car khac nhau theo thoi gian.

IV. KET LUAN trd 1én thi tinh 6n dinh cua tao trong dung dich

O nghién ciru nay, ti 1¢ tao trong nudc, pH, t6t hon, ti 16 khoang ling dong giam xudng
luong sucrose va k-car bd sung c6 anh huéng con dudi 18% sau 90 phat cho ling. Tao ling
dang ké dén sy ling dong cua tao kho trong nhanh nhat & méi truong pH 8,5 va chdm nhét
dung dich. Tao ling véi tbc do nhanh & 20 lad pH 4,6. Két qua nghién ciru chi ra rang,
phat dau, sau d6 téc do giam dang ké sau 50 tao xodn c6 kha nang phan tan t5t hon va én
phut ling do mat do tao lang 16p day ting 1én. dinh hon trong moi truong axit hay trung tinh
Mrc d6 ling giam khi ti 18 tao, ti 18 sucrose hay dudi su c6 mat cla sucrose hay k-car voi ti 1€
Kk-car bd sung ting 1én. Khi bd sung sucrose st dung du 16n.

hay k-car véi ti 1€ lan luot tir 15% hay 0,05%
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