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ABSTRACT

Chlorella vulgaris was cultured in chemostat mode and harvested on a
semi-continuous basic with 50% of broth volume every two days, giving the
highest biomass yield. The flocculation efficiency of microalgae using chitosan
depended on dose use, quality of chitosan such as degree of deacetylation
(DD) and solubility. The flocculation efficiency was 99% after 30 minute,
and 95% after 10 minute for DD of 87% and 89.8%, respectively. Chlorella
vulgaris grown in 500 liter-tubular photobioreactor using Basal medium
was harvested semi-continuously by three washing times in 2% acetic acid
following chitosan flocculation to obtain clean biomass with lower 2%
chitosan content (w/w). Analysis of physicochemical composition of algal
biomass showed no heavy metal, reaching microbiological criteria, containing
outstanding natural nutrients such as protein, lipid, chlorophyll superior to
some other food materials. These nutrients are the essential components for
human body, suitable for functional food application.
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Thu hoach tao Chlorella vulgaris nubdi trong hé théng quang hgp tuan hoan kin bang
chitosan dé ting dung trong thuc pham
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TOM TAT

Téo Chlorella vulgaris nudi trong trang thai héa tinh va thu hoach theo
qui trinh ban lién tuc 2 ngay/lan véi lugng thu 50% thé tich nudi, cho
nang suat sinh khéi cao nhat. Thu hoach tio bing chitosan cho thiy higu
suét ldng phu thudc liéu dung, chét lugng chitosan la do deacetyl (DD)
va do hoa tan. O DD 87% hieu suét 1ing dat 99% sau 30 phit, va & DD
89,8% hieu sudt ling 13 95% sau 10 phit. Tao Chlorella vulgaris nudi
trong thiét bi quang hgp tudn hoan kidu éng 500 lit bing méi trudng
Basal, dugc thu hoach béan lién tuc,lang bang chitosan va rita 3 lan bing
dich acid acetic 2% thu duge sinh khéi sach v6i ham lugng chitosan duwdi
2% (w/w). Phan tich thanh phan héa ly sinh khéi tdo cho thay khong c6
kim loai nang, dat chi tiéu vi sinh, c6 chita cac dudng chéat tit thién nhién
vugt troi so véi mot sé loai nguyen lieu thyc pham khac nhu dam, béo,
chlorophyll... day la nhitng thanh phan rat can thiét cho co thé con ngudi,

Thuc pham chiic nang
*Tac gia lién hé

Truong Vinh
Email: tv@hcemuaf.edu.vn

1. Dat Van Dé

Chlorella 1& moét chi ctia tdo xanh don bao,
thudc nganh Chlorophyta. Chlorella c6 dang hinh
cau, duong kinh khodng 2 - 10 pm va khong
c6 tién mao. Chlorella ¢c6 mau xanh 14 cdy nho
sac tdo quang hop chlorophyll-a va b trong luc
lap. Chlorella da dugc st dung rong rai lam
thuc pham chitc ning do giau protein, vitamins,
khoang, va cdc amino acids thiét yéu. So sanh véi
nhiéu nguon thye pham cho thay Chlorella vul-
garis giau protein hon dau nanh, sita, tring, gao,
thit va men banh mi (Becker, 1994). Hién nay
Chlorella vulgaris da dugc dung lam mau thuc
pham, chit chéng oxy hoa, va chat diéu vi. Viec
stt dung tdo C. vulgaris 1a an toan theo tiéu chuan
ctia Hiep hoi thuc pham va thudc ctia My- FDA
(Carlson, 2011).

Tao c6 thé nudi trong ao, bé kiéu kénh
(raceway) hay thiét bi quang hgp sinh hoc
(photobioreactor-PBR). Nuoi ao hay bé kiéu kénh

phit hgp lam thyc pham chic ning.

ré tién hon thiét bi PBR vi it chi phi xay dung
va hoat dong, tuy nhién ning suat thap hon, tieu
hao nhiéu CO2 do béc hei nhiéu nudce, dé nhiém
vi sinh vat la v tdo khéc (Chisti, 2007). Nguge
lai, PBR cho ning suit sinh khéi cao hon, hoat
dong kin nén khé nhiém tap, it bdc hoi nude
nén ding CO2 hi¢u qua (Ugwu, 2008). Hé thong
PBR kiéu éng tuan hoan kin dugc dung rong rai
trén thé giéi. He théng PBR gia ré dugc Bo mon
Cong nghé Hoéa hoc Truong Dai hoc Nong Lam
TP.HCM phét trién véi nhiéu thé tich khac nhau
tr 170 lit cho sinh khéi 0,67 g/L (Truong, 2010),
cho dén 400 1it-28000 lit (Truong, 2013) sé& dugc
diing trong nghién citu nay dé san xuit tao sach.

Tao Chlorella vulgaris c6 kich thuéc rat nhé
(2-10 pm) nén khoé thu hoach. Ngoai ra, sinh khoi
tdo thap (0,5-0,8 g/L) nén thu hoach tén nang
lugng néu diing phuong phap ly tam (Beuckel&
ctv., 2013). Néu duing phuong phap lang bing két
tu thi sé gidm dudc gia thanh do chi can lang tu
nhién (Uduman & ctv., 2010). Phuong phap két
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tu dua trén nguyén 1y pha vé lyc day tinh dien
gitta cac té bao tdo bang cach diing mot ion kim
loai hay polymer dién tich duong dé trung hoa luc
tinh dién din dén phat huy lyc van de Waals lién
két céc té bao va lang chiing xuéng (Henderson &
ctv., 2008). Thu hoach tio bing cac ion kim loai
nhu Ca?*t, Mg?*, AI3* dugce sit dung nhidu trong
vigc dung tdo lam nhién lieu sinh hoc (Henderson
& ctv., 2008; Vandamme & ctv., 2011). Tuy nhién
khi st dung cho thiuc pham, céc ion kim loai lién
két v6i tdo lic thu hoach sé khé xit 1y vi ching &
dang két tia ctia mudi phosphat nhu Cazg(POy)o
hodc Mg (POy4)s do trong moi trudng nudi tao c6
phosphorus. Ngoai ra, can mot lugng 16n héa chat
dé lang, vi du Papazi & ctv. (2010) dimng 1000
mg/L mudi Aly(SOy4)3 sau 6 gio chi lang duge
60% tao. Do vay, st dung mot polymer ty nhién
nhu chitosan sé dé dang xi Iy hon do chitosan
khong doc hai va lugng dung sé it hon, vi du véi
120 mg/L chitosan lang duge 92% téo trong 3
phat (Rashid & ctv., 2013).

Chitosan c6 nhiéu trong ty nhién va dudc san
xudt tit vo clia loai giap xdc. Chitosan c6 nhidu
dac tinh wu viét nhu phan hity sinh hoc, thich tng
sinh hoc, tinh hap thu va khong doc hai nén duge
duing nhiéu trong cong nghiép thuc pham (Dutta
& ctv., 2004; Zuidam & Nedovic, 2010). Chitosan
13 chat da dién phan c6 dién tich duong khong
vinh citu. Dac tinh ctia chitosan phu thudc vao
khéi Iugng phan tit va do deacetyl (DD). Chitosan
¢6 dic tinh kiém va chi tan trong acid khi DD >
60% (Zuidam & Nedovic, 2010). Nhg dién tich
duong ctia chitosan (nhém amino NHY) s& trung
hoa dién tich am trén bé mit tdo din dén ling
téo.

Chitosan diing lang tao chi c6 hiéu qua véi DD
cao. Tac gid Lavoie & de la Notie (1983) st dung
chitosan néng do 20 mg/L ling tdo Scenedesmus
sp. dat hiéu suit 99% trong 15 phit véi DD la
80%. Tac gid Rashid & ctv. (2013) dung chitosan
clia hang Sigma chat lugng cao. Khi tng dung
trong nuéc véi mong mudn gia thanh ré, ta co thé
dung cic ngudn chitosan ctia Trung Qudc hoic
Viét nam san xuat, nhung khé hoa tan ngay ca
v6i acid acetic 2% (Truong & ctv., 2017). Thong
thuong cac mat hang nay trén thi truong khong
ghi 16 do DD ciia san pham. Thuc té cac nghién
cttu trén thé gisi chi tap trung vé anh hudng cia
nong do chitosan, do pH, nhiét do dich ma khong
nghién cttu anh huéng ctia do deacetyl lén hiéu
suét lang (Lavoie & de la Noiie, 1983; Morales &
ctv., 1985; Rashid & ctv., 2013). Ngoai ra, hiéu

suét ling con phu thuoc lidu dung chat gay ling
ing v6i sinh khoi tdo. Chang han Rashid & ctv.
(2013) thay ddi liéu dung 3-12% khéi lugng chi-
tosan so véi khoi lugng tdo cho thay hiéu qua
lang tang tir 40% dén 92%. D6i v6i chat gay lang
khac nhu Mg?* phai ting ndng do tit 0,5mM len
1,5mM tuong tng vé6i sinh khéi Chlorella vul-
garis can ling 1a 04 g/L va 0,8 g/L (Garcia-
Pérez & ctv., 2013). Céc nghién ciu trong nudec
khong néi ré chat lugng va lidu diing ciia chitosan
(Ngo, 2016; Tran, 2016). Do vay, can khao sat a&nh
hudng ctia chat lugng chitosan (DD) va lieu dung
lén hiéu suét ldng. Ciing c6 thé ding NaOH tang
do pH dé lang tdo, tuy nhién trong thai gian 30
phiit 6 do pH 10 hau nhu khong ling va 6 pH 12
chi 1ing 18% néu khong c6 sy trg gitp ciia Mg?+
(Garcia-Pérez & ctv., 2013). Tao Chlorella vul.
ling 95% & pH 11 néu thoi gian ling 14 2 ngay
(Truong, 2013).

Nghién cttu nay kho sat qui trinh san xuét tdo
Chlorella vulgaris sach trén thiét bi quang hop
tuan hoan kin dé c6 thé st dung cho con ngudi.
Noi dung bao gom khao sat quéd trinh thu hoach
tdo va ling tio bing chitosan, qui trinh rita sach
tdo, phan tich cic chi tiéu héa Iy va vi sinh dé
béo dam thu dugce tio sach lam thuc pham.

2. Vat Liéu va Phuong Phap Nghién Ctu
2.1. Vat lidu

Tao Chlorella vulgaris (giong Bf) nuoi theo
cong thic Bold Basal. Vo tom st tuci duge thu
mua tai cong ty thiiy san Ba Tri, Bén Tre. Thiét
bi quang hgp tuan hoan kin LCP-400 ctia Bo moén
Cong nghé Hoa hoc, truong Dai hoc Nong 1am
TP.HCM.

2.2. San xuét chitosan v6i nhiéu d6 deacetyl
khac nhau

Chitosan véi cac do deacetyl khac nhau duge
sdn xuét tit vé tom theo qui trinh thong dung
(Marcin, 2002; Zvezdova, 2010). V6 tom tuoi siy
kho vad xay nhuyén, sang qua ray 0,5 mm. Mau
duge khit khoang (CaCO3) bang HC1 2M ¢ 100°C
trong 2 gid, rita dén trung hoa va sy kho, sau dé
khit protein va acetyl bang dung dich NaOH (ti
lé 1:10 w/v) & cac ndng do, thoi gian va nhiet do
khac nhau, rita dén trung hoa, ly tam va siy kho
dé thu chitosan c6 cac do DD khac nhau.

Do do deacetyl cia mau duge xac dinh theo

Tap chi Nong nghiép va Phdt trién 17(4)

www.jad.hcmuaf.edu.vn


http://jad.hcmuaf.edu.vn

Trudng Dai hoc Nong Lam TP. H6 Chi Minh

105

cong thic:

DD(%) = +.100

T (1)

Trong d6, ¢ (%) 1a ham lugng Nito toan phan
trong mau chitosan do bing Kejldahl, a = 6,89%
13 ham lugng Nito toan phan trong méu chitin
tinh theo ly thuyét va b = 8,69% 14 ham lugng
phan tram Nito toan phan trong mau chitosan
tinh theo ly thuyét.

2.3. Thi nghiém thu hoach téo sach tir thiét bi
quang hop tuan hoan kin

Téo trudc khi thu hoach cé pH trong khodng
8,8-9,5. Theo nghién cttu cha Morales & ctv.
(1985), sau khi cho chitosan vao dich tdo dat pH
t6i wu 7,1 dé két tu, diéu chinh pH dich vé 8-9.6
dé ling c6 hieu qud thu hoach 98% khong ddi
theo pH. Trong nghién ctu nay, chon diéu chinh
pH vé 10 dé ling. Qui trinh cu thé nhu sau:

Pha chitosan trong dung dich acid acetic 2%
(nong do chitosan 1 g/L). Sau d6 lay hén hgp vira
pha cho vao dich tdo (ti 1é dich chitosan:dich téo
= 1:20 , khuay 30 giay, diéu chinh pH vé 10, dé
lang 30 phit va gan bé 16p nuée trén, ly tam 3000
v/p trong 5 phiit, rita sach bang nudc hoac dich
acid acetic 2% hai dén ba 1an theo ti 1& tdo:nude
= 1:10 (v/v). Nang suat thu hoach dang mé dugc
so sanh v6i dang ban lién tuc cach nhau 2, 3 va
4 ngay v6i thé tich thu 17%, 33% va 50% thé
tich nu6i cho mé 1,5 lit trong nha. Mau téi uu
duge tng dung trén thiét bi kiéu éng tuan hoan
kin nuoi ngoai troi dé thu sinh khéi, rita sach va
phan tich thanh phan héa ly.

Cong thiic tinh higu suét ling to:

ODdﬁu _

oD
Hr (%) = =35~

(2)

Trong d6: ODg;, va OD la gia tri quang pho
clia mau tdo ban dau va sau khi ling & budc séng
780 nm do bing thiét bi Spectro UV11 (MRC —
Israel).

Xéac dinh ham lugng chitosan (Cgr,, mg) hoic
ti le chitosan (C, %) ¢6 trong tao sau lang va sau
rifa theo céc cong thic (3) va (4), trong d6 Cy
(%) va Cy (%) theo thit tu 13 ham lugng dam clia
méiu tao khong két tu va c6 két tu bang chitosan,
m (mg) 1a khéi lugng téo trong dich va 0,0869 la
ti 1é ctia N trong Chitosan.

m(CQ — Cl)

Cgr, = 0, 0869
SL = 100

Hr (3)

C% = 0,0869(Cy — Cy)Hr (4)

Do hoa tan chitosan trong dich 2% acid acetic
duge xac dinh nhu sau: Can chinh xéc 1 gam
chitosan hoa tan trong 100 mL dung dich acid
acetic 2%, khudy dao 15 phut cho chitosan tan
roi ly tam 3000 v/p trong 5 phit. Thu lay phan
rén roi dem di sdy kho dén khéi lugng khong déi.
Ham lugng chit tan duge tinh theo cong thic:

t1 — to
t1

X = .100

()

Trong d6 X la do hoa tan ctia chitosan tao
thanh (%), t; la khoi lugng chitosan dem thi
nghiém (g) va to la khéi lugng chitosan con lai
sau khi sy (g).

3. Két Qua va Thao Luan

3.1. Sinh khéi tdo theo phuong phap thu hoach
ban lién tuc

Sinh khéi ctia tdo duge xac dinh bing do quang
phd dich tdo (OD) & bude séng 780nm. Sy tuong
quan c6 thé moé ta biang phuong trinh hoi qui
sau day (R? = 0,99) v6i k 14 hé s6 pha lodng
dich tdo, x 1a OD va y la sinh khéi (g/L): y =
k(0, 40422 + 0, 2018z + 0, 0183).

Hinh 1 14 tuong quan gitta gia tri OD ctia dich
tdo va sinh khéi tdo (mg/L). Dé xac dinh cach
thu hoach cho néng suit sinh khdi cao nhéat, cac
nghiém thitc duge thu bing phuong phap ly tam.

1000
800
600

0 I .

1164 1.0 0.8 0.6

OD dich tio (780 nm)

Sinh khéi (mg/L)

Hinh 1. Tuong quan gita mat do quang (OD) va
sinh khdi tao.

Thi nghiém trén thé tich nudi 1,5 lit cho thay
phuong phap nudéi ban lién tuc mang lai két qua
kh& quan hon so v6i dang mé (Bang 1). Vi du
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dang mé thu 100% thé tich v6i chu ki nuoi 7 ngay
thi thu 3 l1an trong 21 ngay duge 112,5 mg/ngay;
chu ki nudi 10,5 ngay thi thu 2 lan dugc 116
mg/ngay; chu ki nuoi 21 ngay thu 1 lan duge
138.1 mg/ngay. Trong lic nuoi dang ban lién tuc
bat dau thu sau ngay thit 7 va tién hanh thu cach
nhau 2 ngay véi thé tich thu 50% thé tich nuoi
(va bu lai 50% dinh dudng, thu duge 8 lan) la
phlrdng phap tbi wu cho sinh khéi (684 mg/ngay)
gap 5 1an so v6i dang mé tng cling sd ngdy nudi
la 21 ngay. Véi cac thé tich thu it hon (17% va
33%) van cho thay chu ki thu 2 ngay 1a tot nhét
so v6i 3 va 4 ngay. Véi ciing chu ki thu, thé tich
thu cang 16n (< 50%) cang hiéu qua.

Bang 1. Tric nghiém phan hang ctia thi nghiem 2
yéu t6 ngay thu va thé tich thu trong chu ki nuoi
21 ngay, thé tich nusi 1,5 lit*

Thé tich  Chu ky Sinh
thu thu khéi SD
(%) (ngay)  (mg/ngay)
17 2 141.9¢ 13.53
17 3 59.62 5.72
17 4 55.52 18.33
33 2 281.7F 38.19
33 3 96.0P 4.00
33 4 67.32 1.15
50 2 684.08 10.31
50 3 218.8¢ 3.03
50 4 175.04 2.17
100 7 112.5P¢ 18.61
100 10,5 116.0P¢ 2.50
100 21 138.1°¢ 22.89

1Thi nghiem lap lai 3 1an, rieng thé tich thu 100% thi lap lai
2 lan. Céac sb ligu c6 ki hieu khac nhau thi khac biét véi y
nghia théng ké véi do tin cay 95%.

Phuong phap thu ban lién tuc da duge tng
dung trén céac thiét bi nuodi tdo kiéu tuan hoan
kin dang 6ng gia ré v6i cac thé tich 170 lit, 400
lit, 6000 lit va 28000 lit do Bo mon Cong nghé Hoéa
hoc (Truong Dai hoc Nong Lam TP.HCM) thiét
ké ché tao. Hinh 2 14 két qua nudi tdo Chlorella
vulgaris trong thiét bi LPC-400 (thé tich 400 lit)
diéu kién ngoai troi trong khodng thing 3 dén
thang 4 tai Thi Dtdc, TP.HCM. Lan thu hoach
dau tién la sau 10 ngay nudi dat 71,5 trieu té
bao/mL. Vé6i chu ki 2 ngay thu 50% thé tich,
mat do tdo thu duge trong khoang 45-78 triéu
té bao/mL.

Do 4nh huéng ctia thoi tiét ngoai troi, chu ki
thu khong thé cb dinh 2 ngay. Vi du sau hai lan
thu dau, lan thi 3 phai kéo dai 4 ngay méi co

sinh khéi 45 trieu té bao/mL do troi nhiéu may,
it ning. Tuy nhién, da s6 ciac khoang thu hoach
déu dat 2 ngay va hé théng thu hoach dude lien
tuc trong 1 thang.

100
=
f 80 N F 7825
S o If'bes || 1 6ps6rs
4&4 ik
ped 40 :
g TN V
& 20 i
-

0

0 200 400 600 800

Théi gian nuéi, gier

Hinh 2. Sy phat trién ctia tdo Chlorella vulgaris
trong thiét bi quang hgp tudn hoan kin dang dng
LPC-400. Mat do ban dau 1a 1 triéu té bao trong 1
mL.

3.2. Chitosan véi cac do deacetyl khac nhau

Chitosan da duge xt Iy NaOH véi cac ché do
thoi gian, nhiét do va nong do khac nhau dé cho
ra san phadm c6 do DD khac nhau nhdm phuc
vu thi nghiém 1ing (Bang 2). Do DD thap nhat
(73,36%) v6i nong do 14M, nhiet do 150°C va thoi
gian 60 phut. Do DD cao nhét (89,86%) tuong
ung v6i 16M, 160°C va 90 phat. Do DD cang cao
thi do hoa tan trong acid acetic 2% cang cao. S6
liu cho thay 6 DD trén 88% thi tan hoan toan
va ¢6 thé du doan 1o DD tréen 87% sé tan hoan
toan.

3.3. Anh huéng cta doé DD va d6 hoa tan caa
chitosan 1én hiéu suét ling tao

Thi nghiém trén tdo ¢c6 OD la 1.164 (sinh khoi
800 mg/L) v6i ham lugng 50mg chitosan cho 1
lit dich tdo cho thay hiéu suit ling cang cao khi
do deacetyl ctia chitosan cao (Hinh 3). Tuy nhién
higéu suét ling v do deacetyl khong c6 sy tuong
quan hoi qui. Trong khodng do deacetyl dusi 85%
thi tuong quan c6 vé tuyén tinh. Khi d6 deacetyl
vugt qua 87% thi higu suat 1dng ting khong dang
ké.

Su tuong quan gitta ham lugng chitosan hoa
tan X (mg/100 mg tao kho) va higu suat lang
tdo Y (%) rat ro rang va chat ché (Hinh 4) véi
phuong trinh hdi qui: Y = 21,209 X, R? = 0,999
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Bang 2. Anh huédng clia cac ché do xit Iy NaOH lén do DD va

do hoa tan clia chitosan®

T,°C C t,phit Deacetyl, % Do hoa tan, %
150 14M 60 73,36 £ 0,322 71,58 + 0,445
150 16M 30 7734+ 0488 79,08 + 0,560
150  15M 60 84,84 + 0,166 9541 + 0,215
140  16M 90 8531 4+ 0,169 96,54 + 0,325
150 16M 60 8531 + 0,012 97,02 + 0,116
150 16M 90 88,36 =+ 0,332 100,00 = 0,00
160 16M 90 89,86 £+ 0,162 100,00 £ 0,00

LT nhiet do xu ly NaOH, C: ndng d6 NaOH, t: thdi gian x ly NaOH.

100

s

()
[=o=)

*

(Y]
L=}

t Ling tio, %

A

éu sua
+*

[¥=]
=
*

~

]
]

60 70 80 90 100
Pi deacetyl, %

Hi

Hinh 3. Tuong quan gita do deacetyl ctia chitosan
va hiéu suit ling tao.

100

o ,=21.209x
S o8 RZ=0.999

< 97

=11

R //

- 95

S o4 e

= 93 «

:E. 92 T T T 1
= 440 450 460 470

430
Chitosan hda tan, mg/100mg tao

Hinh 4. Tuong quan gitta ham lugng chitosan hoa
tan trong dich tdo va hiéu suit ling téo.

(P < 0.05). Nhu vay, ham lugng dung chitosan
con phu thuodc sinh khéi tdo. Két luan nay phit
hogp v6i cac bédo cédo clia Rashid & ctv. (2013)
thay déi lidu diing 3-12% khéi lugng chitosan so
v6i khéi lugng tdo cho thiy hieu qui ling ting
tur 40% dén 92%. Hodc chat gay ling khac nhu
Mg2+ phai ting nong do tir 0.5 mM lén 1.5 mM
tuong tng v6i sinh khdi Chlorella vulgaris can

lang 1a 0,4 g/L v& 0,8 g/L (Garcia-Pérez & ctv.,
2013). Hod#c theo Henderson & ctv. (2008) 1a lieu
duing ion sat hay nhom cao khi sinh khéi tdo cao.
Tir Iy luan nay, ta c6 thé ding phuong trinh hoi
qui dé tinh duge ham lugng chitosan can thiét dé
thu hoach (1&ng) 100% tdo 1a X = 4,71 mg cho
100 mg sinh khdi téo.

O DD bing 87% chitosan tan hoan toan trong
dich 2% acid acetic va lugng chitosan hoa tan
can dung t6i da 1a 37,72 mg (= 4,71 * 8) cho 1 lit
theo tinh toan & trén. Do vay, khi sit dung 50 mg
chitosan/L 1a hoan toan du véi cdc miu chitosan
c6 DD > 87%, dan dén hiéu suat ling hau nhu
khong ddi. Do vay, dd thi tuong quan gitta hieu
suat ling vd do deacetyl c6 mot budc nhay tai
DD = 85-87% & d6 chitosan tan hoan toan (Hinh
3). Két qua dung 37.72 mg chitosan/L dich tdo
c6 sinh khéi 800 mg/L tuong déi phit hgp véi
cac tac gid khac. Vi du Tran (2016) 1a 40 mg/L
nhung khéng cho biét sinh khéi, hodic Morales
& ctv. (1985) cling 1a 40 mg/L véi sinh khoi 1a
80,4 trieu té bao/mL. Bang 3 cho két qua tinh
toan lugng chitosan can thiét theo sinh khdi tdo
va chét lugng chitosan sit dung dé 1&ng 100% téo
trong 30 phit. Tit d6, viéc st dung ndong do chi-
tosan 40 mg/L s& phii hgp dé ling véi cac trusng
hop sau: do6 DD 75% véi sinh khéi t6i da 624
mg/L; hoic do DD 85% véi sinh khéi t6i da 800
mg/L.

Chét lugng chitosan sit dung dé ling thé hien
qua do deacetyl va do hoa tan ctia chitosan trong
dich 2% acid acetic. Do deacetyl cang cao, higu
sudt ling cang cao. Didu nay cé thé gidi thich
la dién tich duong cta chitosan cang cao khi do
deacetyl cao.

Bang 3 cho thiy ham lugng chitosan sit dung
phai ting lén khi sinh khdi tdo ting hoac khi do
DD giam. Vi duy, ¢ do deacetyl 75%, khi mat do
quang OD dich téo ting tit 0,6 (sinh khoi 1a 285
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Bang 3. Du doan lugng chitosan can thiét (mg/L dich téo)
dé 1dng 100% tao Chlorella vul. tiy theo sinh khéi tio va chat

lugng chitosan

Deacetyl Do hoa tan OD (780 nm)
% % 1,164 1 0,8 0,6
75 74,6 50,7 39,43 27,69 17,99
80 84,5 4463 34,79 24,43 15,88
85 95,8 39,38 30,70 21,56 14,01
> 87 100 37,72 29,41 20,65 13,42
Sinh khéi tdo (mg/L) 800 624 438 285
mg/L) lén 1.164 (sinh khoi 1a 800 mg/L) thi lugng 120
dung cta chitosan tang tur 17,99 mg lén 50,57 mg 2 <
cho mot lit dich tdo. Nhung khi DD la 87% thi = 100
lugng ding tuong tng chi 13,42 mg/L va 37,72 ;ﬂ 80
mg/L. Y nghia ciia Bang 3 con gitp uéc lugng - 60 110 phit
lidu duing chitosan trén thi truong khi khong biét = P
DD dé& thu hoach dua vao do hoa tan trong 2% 5 40 =20 phﬁt
acid acetic sé nhanh hon do DD. = 20
“Eell W Wi 30pht
3.4. Anh huéng cta doé DD cua chitosan 1én = ' ' '
85.31 8836 8986

thai gian ling tao

Béang 2 va hinh 3 cho thiy ba nghiém thic c6
do DD 85,31%, 88,36% va 89,86% c6 do hoa tan
97-100% v& hiéu suat ling sau 30 phit 1 98-99%
it khac biet. Tuy nhién khi so sanh hiéu suit thu
hoach theo thai gian ta thiy sy khac biét ré6 hon
(Hinh 5). O 10 phat l&ng mau DD 89,86% c6
hiéu suét lang trén 95% con mau DD 85,31% chi
¢6 higu suat 55%, lieu dung chitosan 1a 50 mg/L
tuong 1tng nong do chitosan/téo 1a 6,25 mg/100
mg.

Tac gid Rashid & ctv. (2013) 1ang tao chi trong
3 phit v6i hiéu suat ling 92%, lidu duing chitosan
14 120 mg/L tuong tng nong do 12 mg/100 mg.
Liéu dimng trong nghién citu nay chi bing khoang
50% so véi téc gid Rashid & ctv. (2013).

3.5. Qui trinh thu hoach tao sach

Dé xay duyng qui trinh thu hoach tio sach,
tdo nudi trong thiét bi quang hgp tuan hoan kin
duge thu hoach & cac thoi diém khéac nhau véi
lugng thu khéac nhau, ling bing chitosan trong
30 phut, gan 16p nude trén, cho nudc sach vao ti
lé nu6c:tdo 1a 10:1 (v/v) dé ngam rita trong 20
phit, gan nuée va lap lai rita (2-3 1an), ly tam
va sdy kho. Sinh khéi tdo (M, g/L) clia 6 mau
thu bing chitosan trudc khi rita cho trén Bang 4.
Véi hiéu suat 1ldng 99%, trung binh ti 1é chitosan

D§ DD ciia chitosan,%

Hinh 5. Anh huéng ctia do DD lén thoi gian léng
tao.

st dung 1a 74,76% va ti 1& chitosan c6 trong mau
tdo két tu 1a 4,72%. Ti 1 gidm phospho trong
moi truong Basal trung binh 1a 20% (w/w) so
véi sinh khéi téo thu do ly tam (My,, g/L), trong
d6 1,3%My, 1a phospho do tdo hap thu (Truong,
2016) va phan con lai (My,, g/L) do phospho lang
duéi dang mudi phosphate ctia Ca va Mg dudgc
tinh tdng mudi nhu sau.

M, + M3
_— 6
M)

Trong d6 Mi, M, va Ms lan lugt 1a khoi
lugng phan tit ctia phospho, mudi Cag(POy)s3 va
Mgy (POy)s. Khi thu bing ly tam, tong mudi nay
nidm lan trong sinh khéi tdo. Goi M. (g/L) va
M; (g/L) 1an lugt 1a khéi lugng chitosan c6 trong
mau tao két tu va khéi lugng tao toén that do ria
qui vé 1 lit tdo, lugng tao sach Ms (g/L) dugc xéc
dinh theo (7), khéi lugng tao tdn that qua cac lan
rita theo (8).

Ms =M, — My, — M. — M

My = (0.02My, — 1, 3%My)

(7)

M =Mof(n—(n—1)f(f+1)) (8)
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Bang 4. Ham lugng tap chét

trong mau tio sau ling

chitosan va sau 2 lan rita nuéc va acid acetic

M, g/L M, M. M, g/L L, % L.,%
0,432 0343 0,33 0307 11,6 73
0446 0354 0339 0317 11,5 68
0,705 0,56 0538 0502 11,6 7,2
0,88 0,703 0,676 0631 11,5 7,2
0975 0,775 0,742 0,694 11,7 6,9
1,218 097 0932 0867 11,9 75

Bang 5. Ham lugng tap chit trong mau tdo sau ling
chitosan v& 3 1an rita nuSc vi rita acid acetic

M., g/L M, M. M, g/L I., % I.,%
0,432 0313 0,296 0290 82 22
0,446 0,323 0303 0299 81 14
0,705 0,512 0482 0473 82 20
0,88 0,642 0,606 0594 81 20
0975 0,708 0,664 0654 83 16
1,218 0,887 0,837 0817 86 24

Bang 6. Chi tieu hoéa 1y ctia tdo Chlorella vulgaris nudi trong thiét bi quang hgp LCP-400!

Chi tiéu Quy trinh kiém tra Két qua phét(;lli(énnh(a}rfl{ ASH
Protein Phuong phap Kjeldahl 57%
Lipid Soxhlet 11%
Cacbohydrat Robert Copper va DNS 2,2%
Carotenoid Phuong phap quang pho 526 mg/100 g >500 mg/100 g
Chlorophyll Phuong phap quang phé  Chlo a: 708 mg/100 g

Chlo b: 355 mg/100 g > 1000 mg/100 g

Kim loai nang

Chi QTTN/KT3 083:2012 1,1 ppm < 2 ppm
Thiy ngan QTTN/KT3 064:2012 Khong phéat hién
Asen AOAC 2010 ( 986.15) 1 ppm <1 ppm
Vi sinh
Nam men ISO 21527-2:2008 <10 cfu/g <300 cfu/g
Coliforms ISO 4831:2006 0,92 cfu/g < 10 cfu/g
Clostridium perfringens ISO 4831:2006 <10cfu/g < 100 cfu/g

LCarlson, 2011.

Véi n 1a 86 1an ria, f 14 hé s6 tén that sinh khéi
mdi 1an rita x4ac dinh bing thuc nghiem la 5%.
Bang 4 va 5 cho két qua tinh toan tdo sach My,
tdo rita bang nude M, va bang 2% acid acetic M,
ing véi 2 1an va 3 1an rita. Tt d6 tinh dugc ti 1é
tap chat trong mau rita nude (I,) va acid (I,).

Két qua cho thay ria nudc 2 1an va 3 lan c6
ti 1& tap chat lan lugt 1a 11,6 + 0,15% va 8,3 &
0,21%. Trong ltc d6 rita bing acid tuong tng c6
ti e tap chat lan luot 1a 7,2 + 0,26% va 2,0 +
0,37%. Vi chitosan chi chiém 4,72% cac méu ria

con tap chat trén 7% sé c6 1an hoa chat. Vay chi
c6 mau rita acid acetic 3 lan c6 tap chat 2% la
hau nhu chi con chitosan va sach héa chéat.

3.6. Phan tich thanh phan héa ly tio nuéi
trong thiét bi quang hop

Mau téo sach thu dudc tit thiét bi quang hop
tuan hoan kin dudc sy kho va phan tich cac chi
tiéu héa 1y nhw trén Bang 6. Ham lugng dam dat
57%, céc chi tieu carotenoids va chlorophyll, kim
loai ning hoan toan dat ngudng chat lugng cia
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GRAS. Chét lugng vi sinh ciing dat yéu cau.
4. Két Luan

Hi¢u suét ling phu thudc vao chéat lugng chi-
tosan 1a do deacetyl nhung tuong quan chit véi
do hoa tan ciia chitosan trong dich 2% acid acetic.
Véi lidu dung 6,25 mg chitosan cho 100 mg téo,
khi DD duéi 87%, cang ting DD hiéu suit lang
cang tang. O DD 87% hieu suat ldng dat 99% sau
30 phtt va khi DD trén 87% hiéu suat lang ting
khong dang ké nhung chitosan tan hoan toan sau
15 phut trong dich 2% acid acetic. Gidm thoi gian
lang xubéng 10 phtt mau chitosan DD 89,8% c6
hiéu suit ling 1a 95% khac biét 16 rét so v6i mau
DD 85,3% c6 hiéu suat 1lang chi 55%. C6 sit tuong
quan tuyén tinh giita lidu ding chitosan va hiéu
suat ling. Diéu nay cho thiy mat do sinh khéi
cang cao can nhiéu chitosan dé ling. Két qua
phan tich mét sd thanh phan cta tio Chlorella
vulgaris nudi trong thiét bi quang hop tuan hoan
kin cho thiy trong tio c6 chita cac dudng chat tit
thién nhién vugt tréi so vé6i mot s6 loai nguyén
lieu thie pham khéc nhu dam, béo, chlorophyll...
day 1a nhitng thanh phan rat can thiét cho co thé
con ngudi. Véi ham lugng dam va chat béo cao la
ngudn cung cip nang luong ddi dao cho co thé,
c6 thé lam thuc pham bd sung dinh duéng cho
ngudi 6m yéu, tré em suy dinh dudng va hé trg
phuc hdi siic khée cho bénh nhan. Bén canh do,
san pham khong nhiém cac vi sinh vat co ban va
hoan khong cé kim loai ning nén rat an toan cho
ngudi st dung. Day chinh 13 ngudn nguyén lidu
tiém nang dé san xuét ra cac loai thyc pham chiic
nang.
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