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TOM TAT

Vé6i nhiéu vu diém nhu: Hiéu qua, than thién voi moi truong, co6 kha nang tng dung & quy mo
cong nghiép, siéu am va enzyme la nhitng cong nghé tiém nang, dwoc chu y nghién ctru va tng
dung trong san xuat protein tir thuc vat, bao gom tir vi tdo. Muc tiéu cta nghién ctru nay la
nghién ctru phoi hop cong nghé siéu am va enzyme thuong phdm (viscozyme va flavourzyme)
trich ly protein tir vi tho Chlorella vulgaris, mot trong nhitng ngudn cung cap protein va peptide
chttc nang doi dao cho cong nghiép thuc phdm. Cac cong doan dugc nghién cttu va téi vu hoa
gbém: Pha vo té bao bang siéu am, hé tro trich ly protein bang viscozyme va trich ly protein bang
flavourzyme. Diéu kién siéu am pha té bao sau nghién ctru t6i wu 1a pH 8, nhiét do 50°C, thoi gian
siéu am 40 phut va ty 1é vi tdo/nuoc 100 g/L. Phuong phap bé mat dap tng va mé hinh I-optimal
duoc ap dung dé toi uvu héa diéu kién thiy phan, pha té bao bang viscozyme va trich ly protein
bang flavourzyme. Diéu kién toi vu cho thity phan pha té bao va hd tro trich ly protein bang
viscozyme la: pH 6, nhiét do 50°C, thoi gian 90 phut va nong do enzyme 0,75%. Diéu kién toi uu
cho trich ly protein bang flavourzyme la: pH 6,8, nhiét do 50°C, thoi gian 2,5 gio, toc do khudy
380 vong/phut va nong do (NH,),SO, 1a 2,8%. Ty 1¢ té bao bi pha vor sau qua trinh xtt ly bang siéu
am va viscozyme dat 73,45%. Hiéu sudt trich ly protein tit Chlorella vulgaris Viét Nam st dung
flavourzyme dat 76%, voi mitc do thity phan DH 1a 37,53%. Két qua ctia nghién cttu kha thi, c6 kha
nang ung dung & quy mo cong nghiép va lam nguyén liéu san xuat san phdm chitc nang tir
protein vi tdo Chlorella vulgaris.

T khéa: Chlorella, flavourzyme, phuong phap bé mat dap iumg, siéu am, trich ly protein,

viscozyme.

1. BAT VAN BE

Chlorella vulgaris thudéc nhém tao luc
(Chlorophyta), ho Chlorellaceae, 1a vi tdo don
bao c6 kha niang quang hop, toc do sinh trudng
nhanh va c6 thé phat trién ca trén moi truong
nuoc ngot va nuoc 1g. Chlorella chira khoang 50 -
60% protein, hon 10% lipid, chat xo, carbohydrate
va cac loai vitamin khac: C, D, E, H; vitamin
nhém B nhu: Thiamin, riboflavin, niacin,
pantothenic  axit, pyridoxine, folic axit,
cobalamin...; giau khoang chat: Mg, K, I, Zn, Se,
Fe, Mn, Cu, P, Na, N, Co, Mo, S, Ca...; nhiéu
hoat chat sinh hoc nhu: Beta carotene,
chlorophyl, omega 3, axit béo... Day la mot
trong nhing loai thuc phdm, thuc phadm chiic
nang ty nhién giup b6 sung dinh dudng, cai
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thién kha nang dé khang ctia co thé, ting cuong
nguon hoat chat sinh hoc chong oxy hda, chong
viém, chong u buéu hiéu qua va 1a nguon
nguyén liéu tiém ndng trong san xudt cac
peptide chirc nang co hoat tinh sinh hoc cao, cé
tiém nang tmg dung nhu: Nguyen liéu san xuat
thirc an chan nuoi, thuc pham, duoc pham, my
pham phuc vu cho doi séng con nguoi [1, 2].
Theo Mordor Intelligence (2024) [3], thi
treong toan cau ctia Chlorella giai doan nam
2018 - 2029 du kién sé dat gia tri 1,92 ty USD vao
nam 2024, toc do ting trudng 4,9% nam; uoc dat
gia tri 2,45 ty USD vao nam 2029, véi khu vuc
phat trién nhanh nhat 1a chau A - Thai Binh
Dwong. Thi truong vi tdo Viét Nam véi hai
nguyeén liéu chu yéu la Spirulina va Chlorella c6
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gia tri khoang 52 triéu USD, san luong khoang
10.000 tdn/nam, toc do tang trudng 11,2% giai
doan tir nam 2021 — 2027. Cac s6 lieu thong ke
nay phan anh nhu cau ngay cang cao ctia nguoi
tieu dung doi voi cac san phdm tir vi tdo, dac biét
la Chlorella.

Protein tix Chlorella vulgaris c6 ty 1é cac axit
amin thiét yéu cao, can do0i, dac biét la
isoleucine, leucine, phenylalanine, valine... Theo
Becker (2007) [4], day 1a nguon protein thuc vat
duoc danh gia c6 chat luong dinh duong va su
can bang tot teong duong hoac hon khi so sanh
voi thanh phan axit amin cta protein thic phdm
phé bién nhu trimg, dau twong. Nhiéu nghién
ctu da ching minh protein chiét xuat tir
Chlorella, voi thanh phan nhiéu peptide c6 hoat
tinh chitc nang c6 kha nang hé tro giam huyét
ap, chloesterol, cai thién chitc ning mién dich,
chong oxy hoda, chong viém... doi voi nguoi st
dung [2, 5]. V6i nhiéu dac tinh linh hoat nhu:
Kha nang nhii hoa, tao bot, tao gel tot, dé tiéu
hoa, protein tir Chlorella c6 tiém ning ing dung
trong san xuat, ché bién duoc phdm, my pham,
dac biét 1a thuc pham, thuc phdm chitc ning.

Thi truong protein tir tdo, trong d6 bao gom
protein tit Chlorella co gia tri wéc dat 1,35 ty USD
nam 2033, toc do tang trudng du kién 5,5% [6],
chimg minh nhu cau cao ctia thi truong ciing nhu
nguoi tieu dung doi véi nguon protein thay thé
lanh manh va thén thién véi moéi treong nay.

Phuong phap két hop siéu am va enzyme
thuong phdm da dugc chimg minh qua nghién
ctru vé hiéu qua trong trich ly protein tir vi tdo.
Siéu am tao ra cac vi bot khi va séng xung Kich,
gitp pha vo mang t€ bao vi tdo mot cach nhanh
chong va hiéu qua, ting kha ning tiép can cta
enzyme tdi cac protein bén trong t€ bao. Enzyme
thuong pham nhu cellulase, protease, giup ting
hiéu qua pha vo t€ bao va gidi phong protein ra
moi truong trich ly. Su két hop gitta cong nghe
situ am va enzyme khong chi t6i wu hoa qua
trinh trich ly protein ma con gitt nguyén dugc cac
dac tinh sinh hoc cta protein, gidm thiéu tén hai
va bién d6i ciu trac protein, ciing nhu linh hoat
tng dung & quy moé cong nghiép. Su két hop nay
cling cai thién hiéu suat trich ly, giam thoi gian
va chi phi xtt ly, dong thoi duy tri chat luong va
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tinh toan ven cfia protein. Piéu nay mé ra co hoi
phat trién cac san phdm protein tir vi tdo voi chat
luong cao va gia thanh hop ly, dap tng nhu cau
ngay cang tang cua thi truong [7 - 9].

Muc tiéu ctia nghién cttu nham danh gia va
t0i ru hoa diéu kién phéi hop siéu am va enzym
cellulase, protease thuwong phidm trong trich ly
protein tu vi tdo Chlorella vulgaris Viét Nam
nhidm cai thién hiéu sudt va chat luong cta
protein thu duoc, tao tién dé cho cac nghién ctu
sau va tmg dung san xuat cac san pham phuc vu
con nguoi tir san phdm cong nghé nay.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat liéu nghién ciru

Vi tdo Chlorella vulgaris dugc cung cap boi
Cong ty TNHH Thién Nhién Viét. Vi tdo tuoi cé
ham luong protein 51%DS, do 4m 78%. Nguyén
lieu sau khi thu nhan duoc siy kho & 60°C dén
do 4am 5%, sau d6 nghién nhd va sang qua ludi
sang kich thudc 20 - 50 mesh dé thu duoc mau
c6 kich thuoc dong nhat, hat chan khong va bao
quan & nhiét do 4°C truoc khi tién hanh st dung.

Enzyme thuong mai: Viscozyme L ( > 100
FBGU/g, pH khuyén nghi tir 3,5 — 5,5, nhiét do
khuyén nghi tir 40 - 60°C); flavourzyme (1.000
AU/g, pH khuyén nghi tit 6 - 8, nhiét do khuyén
nghi tir 40 - 60°C) ctia Novozyme.

2.2. Phuong phap nghién ctru

22.1. Bo tri thi nghiém

Quy trinh tién xt ly vi tdo theo két qua
nghién ctu ndi b ctia Trung tAm Thuc nghiém
Séan xuat va Chuyén giao cong nghe, Vién Cong
nghiép thuc pham [10]. Nguyén liéu vi tdo thém
nuwoc (pH = 7, ty lé nguyén lieéu/nudc 10%),
khudy 30 phut & 300 vong/phut. Sau khudy, hon
dich thuc hién hoan nguyén nudc trong 2 gio roi
cip dong & - 4°C trong 12 tiéng, sau d6 ra dong
24 gio. Quy trinh cap dong/ra dong lap lai 3 chu
ky, sau do ly tam tai diéu kién 4°C, 5.000
vong/phut/30 phut. Chlorella vulgaris tién xtt ly
duoc bao quan 10°C truoc khi st dung.

Nghién cuu khdo sat anh huong cua siéu
am, enzyme thuong mai (cellulase, protease)
dén hiéu suat trich ly protein tir vi tdo Chlorella
vulgaris: 'Thi nghiém khao sat anh huwong cua
siéu am t6i hiéu sudt trich ly protein tir vi tdo
Chlorella vulgaris duoc tién hanh nhu sau: 100 g
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vi tdo da tién xtt ly duoc thém 900 g nudc, khudy
trong 30 phat & 300 vong/phut, sau do siéu am
[11], st dung thiét bi siéu am Gtsonic VGT-
1910AT tai diéu kién 40 kHz, 80%, 4°C trong 30
phut. Dai voi thi nghiém khéo sat anh huong ctia
viscozyme/flavourzyme t6i hiéu suat trich ly
protein tit Chlorella vulgaris, sau khi hoan
nguyén nudc, hon dich duoc diéu chinh dén pH
va nhiét do khuyén nghi ctia enzyme, thém
enzyme voi ty 1¢ 1% so voi nguyén liéu ban dau
va tién hanh enzyme hoa trén bé 6n nhiét trong
60 phut. Sau d6, mau thi nghiém dwoc nang
nhiét lén 85°C trong 10 phut dé diét enzyme. Doi
voOi mau thi nghiém khao sat anh hudng cta phdéi
hop siéu am va enzyme, hon dich vi tdo sau siéu
am duoc enzyme hoa tuong tu nhu trén. Sau thi
nghiém, mau duoc ly tam tach dich thay phan &
4.000 vong/phut trong 30 phat, phan tich ham
long protein hoa tan tng s6, ty 1é t€ bao bi pha
vo va hiéu suat trich ly protein.

Lua chon diéu kién siéu am ho tro trich Iy
protein tir vi tdo Chlorella vulgaris: Thi nghiém

bao gém: Lua chon pH 2 - 12, nhiét do 4 - 60°C,
ty 1é nguyén liéu/dung méi 50 — 300 g/L va thoi
gian siéu am 5 - 60 phut trén nguyén liéu vi tao
da hoan nguyén. Thong s6 danh gia thi nghiém
gom ty lé té€ bao bi pha vo theo quy trinh cta
Strober (1997) [12].

T0i wu hoa diéu kién thuiy phan bing
enzyme: Quy trinh duogc toi wvu héa bang phuong
phap bé mat dap ing véi mo hinh I-optimal. Thi
nghiém voi viscozyme duoc tién hanh trén
nguyén liéu sau siéu am (31 thi nghiém); thi
nghiém voi flavourzyme trén nguyén liéu sau xt
ly viscozyme (38 thi nghiém). Méi thi nghiém
duoc 1dp lai 3 1an. M6 hinh toan hoc mo ta anh
hudng cta cac bién doc lap doi voi bién phu
thudc c6 dang ham da thirc bac 2 nhu sau: Y = B,
+ 2Bx;+ LB + 2BiXX; + €.

Trong do: Y 1a ham muc tiéu, x; 1a bién doc
1ap, By, B;, By- Cac bién doc 1ap duoe ma hoa theo
bang 1.

Bang 1. Ma héa céac bién doc lap trong tdi tru hoa qua trinh thiy phan bing enzyme

Bién doc lap Ma hoéa Viscozyme Flavourzyme

-1 0 +1 -1 0 +1
pH A B 5 6 7 6 7 8
Néng do enzyme (%ES) C,B 0,25 0,5 0,75 1 2 3
Nhiét do ("C) A C 40 50 60 40 50 60
Thoi gian D 30* 60* 90* 1** 2%* Jr*
Toc do dao tron (vong/phut) E 0 150 300 200 300 400
(NH,),SO, (%) F - - - 1,5 2,5 3,5

Ghi chu: *: Phut; **: Gio:

2.2.2. Phuong phap phan tich

- Xac dinh ham luong protein hoa tan téng
s6: Ham luong protein hoa tan téng s6 dugc xac
dinh theo phuwong phap cua He (2011) [13] co
diéu chinh, st dung chi thi 12 Coomassie
Brilliant Blue G-250, két hop v6i protein tao ra su
thay d6i mau sac tir nau sang xanh. Sau dung
dich chuan BSA (Bovine serum Albumin -
Sigma) bao géom: 0; 0,25; 0,5; 0,75; 1,0; 1,25; 1,5;
1,75; 2 mg/mL duoc chuan bi. Thém 30 pL cta
moi dung dich chuin hodc mau vao éng nghiém,
sau do thém 1,5 mL thudc thir Bradford va tron
déu. U & nhiét o phong trong 5 phut. Po do hip
thu & budc séng 595 nm bang may do quang
phé. Ham luong protein duoc xac dinh dua trén
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duong chuin xay dung tir dung dich chuidn BSA
(y = 0,9511x + 0,0195) R?=0,9996).

- Xac dinh ty lé té bao bi pha vo: Ty 1 té bao
bi pha vo duwoc xac dinh theo phuwong phap
Trypan Blue Exclusion Test cua Strober (1997)
[12] c6 diéu chinh. Mau thi nghiém sau khi xit ly
duoc ly tam & 4.000 vong/phut/30 phut dé tach
dich. 1 g té bao duoc hoa trong 9 ml phosphate
buffer sau d6 vortex trong 1 phat. Hon dich tiép
tuc duoc pha loang voi dung dich dém voi ty 1é
1/9. 1 ml dung dich t€ bao pha loang duoc thém
vao 1 ml dung dich trypan blue 0,4%, vortex
trong 1 phat, sau d6 gix 3 phut & nhiét do6 phong
dé nhuom mau. Lay 1 giot dung dich té€ bao da
nhuém mau chuyén vao buong dém té bao
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hemacytometer, sau do soi va dém dudi kinh
hién vi. Té bao khong bi pha vo, khong bi
nhuom mau va té€ bao bi pha v, bi nhuém xanh.
Ty lé phan tram té bao bi pha vo duoc tinh bang
ty 1é phan tram gitta téng so6 t€ bao bi pha vo trén
téng so t€ bao ban dau.

- Hiéu suat trich ly protein: Hiéu suat trich ly
protein duoc xac dinh bang ty lé phan tram gitra
ham luong protein trong dich thi nghiém/thay
phan va ham luong protein trong mau ban dau.

- Xac dinh mac do thay phan (Degree of
hydrolysis, DH): Puoc xac dinh theo phuong
phap OPA (Ortho - Phthalaldehyde Assay) theo
quy trinh ctia Sun va cs (2023) [14]. Dung dich
OPA duoc chuédn bi bang cach hoa tan 7,62 g
sodium tetraborate decahydrate, 200 mg SDS va
160 mg OPA trong 150 mL nuéc cat, thém 4 mL
B-mercaptoethanol va bé sung nudc cat dén 200
mL. Cac dung dich chuén glycine c6 néng do tir
0,1 - 0,5 mg/mL duoc chuan bi dé dung duong
chuan. Thém 400 pL dung dich OPA vao 100 uL
mau hoac dung dich chun, tron déu va dé yén
trong 2 phut & nhiét do phong. Do d¢ hap thu tai
budc song 340 nm bang may do quang phd. Miic
do thay phan duoc tinh theo cong thic:

DH(%) = (7 ) x 100

Trong do: h 1a luong nhém amin ti do trong
mau; hy, 1a tong luong nhém amin tu do khi thiy
phan hoan toan protein, voi gia tri cho protein tir
Chlorella vulgarisla 7,8 meq/g protein.

2.2.3. Phuong phap xit Iy so liéu

Xt ly s6 lieu bang phan mém Excel va
Design-expert (version 13).

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh huong clia siéu 4m va enzyme téi
hiéu sudt trich ly protein tr vi tho Chlorella
vulgaris

80 - 18
Ty 1é phé v té bao >— Higu sudttrich ly protein
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Hinh 1. Anh hudng ciia siéu Am va enzyme
thuong phdm dén hiéu suét trich ly protein tir
Chlorella vulgaris
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Cac thi nghiém khao sat anh hudng cta cac
diéu kien trich ly gém st dung siéu am va st
dung két hop siéu am ciing enzyme cellulase va
protease toi hiéu suat thu nhan protein ttr vi to
Chlorella vulgaris. Két qua thi nghiém duoc
trinh bay & hinh 1.

Két qua cho thay, so voi mau déi ching, mau
thi nghiém st dung siéu am cai thién dang ké cac
thong so6 thi nghiém, chitng minh céng nghé nay
hiéu qua trong ho tro pha vo t€ bao vi tdo
Chlorella, tang hiéu suat trich ly protein. Khi két
hop siéu am v6i enzyme viscozyme va
flavourzyme, hiéu suat trich ly protein va ty lé pha
vO té bao tang dang ké so voi cac mau con lai, voi
két qua tot nhat tir mau st dung ca hai enzyme.
Siéu am pha vo ciu trac t€ bao, gidi phong
protein, trong khi enzyme xuc tac sinh hoc pha vo
lien két hoa hoc trong té€ bao. Tac dong twong hod
gitta viscozyme va flavourzyme cho hiéu suat
trich ly protein cao nhat trong cac mau thi
nghiém. Két qua nay tuong dong voi két qua
nghién ctu ctia Yucetepe (2022) [15]; Zhang va
cs (2018) [16]; Gharehbeglou va cs (2024) [17].

3.2. Lira chon diéu kién siéu am hé tro trich
ly protein tir vi tao Chlorella vulgaris

Cac thi nghiém lua chon diéu kién siéu am
phtt hop st dung trong nghién ciru duoc ti€n
hanh gom: Khéo sat lua chon pH, nhiét do, ty lé
nguyén liéu da hoan nguyén/nudc va thoi gian
situ am. Két qua thi nghiém duwoc trinh bay &
hinh 2.

Két qua cho thay, pH, nhiét do va thoi gian
siéu am c6 anh hudéng 16n dén hiéu suat trich ly
protein va ty lé pha té€ bao Chlorella vulgaris.
Hiéu suat trich ly protein ting tuyén tinh khi pH
va nhiét do tang, dat gi4 tri cao nhat & pH 12 va
50°C, do cac diéu kien nay lam cau truc thanh té
bao dé bi pha vo boi song am 40 kHz. Ty le
nguyén liéu/nuoc t6i wvu la 100 g/L, cho thay
muc do phan tan nguyén liéu trong méi trueong
nay phu hop nhat dé tién hanh sieu am. Tuy
nhién, do protein nhay cam vé6i pH kiém manh
va nhiet do cao, diéu kién siéu am t6i uvu duoc
lua chon la pH 8, thoi gian siéu am 40 phut, nhiét
do 50°C va ty le nguyén liéu/nudc 100 g/L [9,
18, 19].
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Hinh 2. Anh hudng ctia diéu kién siéu Am t6i hiéu sudt trich ly protein tir vi tdo Chlorella vulgaris

3.3. T6i vu hoa diéu kién enzyme héa bing
viscozyle h6é trg trich ly protein tir vi tdo
Chlorella vulgaris

Vai tro ctia cellulase trong nghién cttu nay la
ting cuong hiéu qua pha vo té bao Chlorella sau
khi siéu am, ho tro qua trinh trich ly protein tiép
theo [15, 16]. Cac thi nghiém noi bo cho thay,
viscozyme 1a enzyme cellulase thuong pham phu
hop nhat cho nghién cttu nay. Phuong phap dap
ung bé mat (RSM) trén mo hinh I-optimal duoc

stt dung dé danh gia va toi wu hoa cac thong so
ky thuat cta quy trinh enzyme hoa bing
viscozyme ho tro trich ly protein tir Chlorella
vulgaris. Bién doc 1ap trong thi nghiém toi uu
hoa gom: Nong do viscozyme, nhiét do, pH, toc
do dao tron va thoi gian enzyme hoa; ham muc
tieu gom: Hiéu suat trich ly protein va ty lé té
bao bi pha vo. Két qua thong ké Anova ctia mo
hinh t6i vu duoc trinh bay ¢ bang 2.

Béang 2. Két qua phan tich héi quy ham muc tiéu mé hinh téi vu héa
diéu kién enzyme héa clia viscozyme

Ham muc tiéu
Bién doc lap Hiéu sudt trich ly (%) _ Ty 1é té bao bi pha vor (%? A
s o Mtc d6 anh e o Mt do
GiatriF Giatrip hud Giatri F Giatrip |, h hu
uong anh huong
M6 hinh 434,31 < 0,0001 30,77 484,40 <0,0001 66,66
A - Nhiét do 3.441,17 < 0,0001 5,56 5.028,49 < 0,0001 9,73
B -pH 0,99 0,34 - 0,09 3,78 0,08 - 0,27
C - Viscozyme 965,11 <0,0001 2,93 28,33 0,00 - 0,73
D - Thoi gian 145,16 < 0,0001 1,14 1.096,22 <0,0001 4,52
E - Dao tron 102,90 < 0,0001 0,95 439,73 <0,0001 2,85
AB 3,79 0,08 - 0,23 0,01 0,94 - 0,01
AC 110,93 <0,0001 1,26 1,29 0,28 0,20
AD 36,01 0,00 0,74 74,01 <0,0001 1,54
AE 61,66 < 0,0001 - 0,90 16,91 0,00 - 0,68
BC 8,37 0,02 0,34 10,22 0,01 0,55
BD 291,37 < 0,0001 2,06 181,60 <0,0001 2,36
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BE 13,85 0,00 - 043 3,08 0,11 0,29
CD 0,98 0,35 - 0,12 8,18 0,02 0,52
CE 3,84 0,08 - 0,23 1,50 0,25 0,21
DE 10,41 0,01 0,37 19,69 0,00 0,73
A? 1.346,77 | <0,0001 - 7,11 426,31 < 0,0001 5,80
B? 21,71 0,00 0,84 33,15 0,00 1,50
C? 123,34 < 0,0001 - 2,00 196,54 <0,0001 3,67
D2 57,71 <0,0001 1,28 0,56 0,47 0,18
E? 156,47 < 0,0001 - 2,16 140,76 < 0,0001 2,98
R? 0,9989 0,999

Két qua phan tich phuong sai Anova cho
thdy, ca hai mé hinh ham muc tiéu déu co y
nghia thong ké véi gia tri p < 0,001, hé s6 xac
dinh R? 1an luot 1a 0,9989 va 0,9990, ching minh
cac mo hinh phu hop st dung du doan hiéu suat
trich ly protein va ty 1é t€ bao bi pha v& trong
qua trinh enzyme hoa bang viscozyme dé ho tro
trich ly protein ttt Chlorella vulgaris. Cac bién
doc lap gdm: Nhiét do, pH, thoi gian, toc do dao
tron va nong do viscozyme déu c6 anh hudng
dang ké dén ham muc tiéu. Trong d6, nhiet do
va thoi gian c6 anh huéng duong, toc do dao
tron c6 anh hudng am doi voi ty 1e té bao bi pha
vo; chi pH c6 anh huwong am doi voi hiéu suat
trich ly protein. Tuong tac gitta nhiét do va thoi
gian; thoi gian va nong do viscozyme c6 y nghia
thong keé doi voi ca 2 ham muc tiéu, chimg to cac
bién doc 1ap nay cé tuong tac phu thuodc lan
nhau. Nguyén nhan, cé thé do trong dai nhiét do

duoc danh gia, nhiét do tx 50 — 60°C thuoc
khoang t6i wu cta viscozyme, thuc ddy toc do
enzyme hoa, nang cao hiéu suat trich ly protein
tir vi tdo. pH moi truong enzyme hoéa cé anh
huong dén trang thai ion héa ctia cac nhom chire
nang trén enzyme cing nhu kha nang hoa tan
clia protein tir nguyén liéu, tir d6 anh huéng dén
hiéu qua thiy phan ctia viscozyme. Pao tron
thuc day su ti€p xuc gitta enzyme va co chat, do
d6 anh huong dén ty lé t€ bao bi pha vo, gian
tiép anh hudng dén ham luong protein duoc giai
phong ra moi truong thiy phan. Cac két qua nay
phu hop véi két qua nghién cttu khac vé hiéu
qua st dung cellulase trong pha té€ bao va cai
thién hiéu suat trich ly hoat chat sinh hoc tir vi
tdo [15 - 17]. Biéu d6 biéu thi moi quan heé gitta
cac bién doc 1ap va ham muc tiéu duoc trinh bay
¢ hinh 3.
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Hinh 3. Anh hudng cia quan hé trong tac gitra cac bién doc 1ap d6i véi cac ham d4p tmg trong ma tran
thue nghiém t6i 1ru héa diéu kién enzyme hoéa ctia viscozyme hé tro trich ly protein tit Chlorella vulgaris

Do thi biéu thi anh huong ctia twong tac
gitta cac bién doc 1ap d6i voi ham muc tiéu cho
thdy, néng d0 viscozyme la tic nhan c6 anh

hudng 16n nhat ddi voi su thay ddi ctia cac ham
nay trong khoang thong s6 duoc danh gia cta
cac bién doc lap. Két qua nay khang dinh vai tro
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cua viscozyme trong quy trinh trich ly protein tir
vi tdo Chlorellz HO tro phan gidi cac
polysaccharide thanh té bao, lam yéu va pha vo
cau truc té bao, giai phong protein trong ndi bao
ra moi truong thay phan.

Phuong trinh biéu thi tuong quan gitta cac
bién doc 1ap va ham muc tiéu hiéu sudt trich ly
protein va ty 1é t€ bao bi pha vo nhu sau:

Hiéu sudt trich ly protein (%) = + 30,77 + 5,56A - 0,0947B + 2,93C + 1,14D + 0,9514E - 0,2345AB +
1,26AC + 0,7425AD - 0,9004AE + 0,3448BC + 2,06BD - 0,4252BE - 0,1249CD - 0,2315CE + 0,3677DE -

7,11A2 + 0,8388B2 - 2,00C? + 1,28D2 - 2,16E2

Ty 1é té€ bao bi pha vo (%) = + 66,66 + 9,73A - 0,2685B - 0,7263C + 4,52D + 2,85E - 0,0130AB +
0,1968AC + 1,54AD - 0,6834AE + 0,5522BC + 2,36BD - 0,2906BE - 0,5222CD - 0,2097CE - 0,7328DE-5,80A2

+1,50B2 - 3,67C2 + 0,1823D2 - 2,98E2

Bang 3. Két qua thuc nghiém diéu kién enzyme hoéa béi viscozyme tai cac diéu kién t0i vu

Diéu kien | Nhiét d¢ Nong do |y o ooy | Tocdoddo | Hitusuat |0 oy
thinghiem | (C) | PH | enayme = p tron trichly | " b4 vo ()
: (%ES) (vong/phut) | protein (%)
Mohinh | 55411 | 6 | 0,727 90 256,866 38,421 79,177
Thuc 55 6,00/ 075 90,00 250 37,72+0,07 | 76,53+ 0,36
nghiém

Cac diéu kién téi vu mo hinh dé xuat duoc
diéu chinh va thyc nghiém & quy mo 1 kg
nguyén liéu/mé/3 mé. Két qua thuc nghiém
duoc trinh bay & bang 3.

Két qua thuc nghiém cho thdy, cac ham
muc tiéu co két qua tuong duong voi két qua mo
hinh du doan, chitng minh mo6 hinh dy doan nay
c6 do tin cay cao. Su khac biét s6 lieu thuc
nghiém va két qua du doan do su bién dong ctia
cac bién doc lap trong qua trinh thuc nghiém.
Két qua nghién cttu nay kha thi va c6 kha nang
ap dung trong cac quy mo thuc nghiém lén hon.

3.4. Toi wu hoa diéu kién enzyme héa bing
flavourzyme trich ly protein tir vi tdo Chlorella
vulgaris

Muc tiéu cta thi nghiém 1a t6i vu héa diéu
kién enzyme hda bang protease thuwong phdm

trich ly protein tit Chlorella vulgaris trén nguyén
lieu vi tdo, da tién hanh tién xt ly bang siéu am
va viscozyme tai cac diéu kién cong nghé t6i wu.
Thi nghiém noi bo Ira chon loai enzyme thuong
pham da xac dinh duoc flavourzyme la enzyme
protase phu hop cho nghién cttu nay. (NH,),SO,
duwoc lua chon bo sung vao moi trudng enzyme
héa nham thiuc ddy qua trinh salting-in, tang
hiéu qua trich ly protein tit Chlorella trong qua
trinh thay phan [20, 21]. Thi nghiém t6i wu hoa
st dung mo hinh T-optimal véi 5 bién doc lap
gom: pH (A), nong do enzyme flavourzyme (B);
nhiét do (C), thoi gian (D), toc do dao tron (E)
va nong do muoi vo co (F). Cac ham muc tiéu
gom: Muc @6 thay phan DH (%) va hiéu suat
trich ly protein (%). Két qua thong ké Anova cta
mo hinh t6i wu duoc trinh bay ¢ bang 4.

Béng 4. Két qua phan tich héi quy ham muc tiéu mé hinh tdi ru hoa
diéu kién enzyme hoa ciia flavourzyme

Bién doc lap % Ham myc tié
T Hiéu suat trich ly protein (%) Mt do thay phan (%)
Yéu to anh huong | GiatriF | Giatrip lelc C}Q anh GiatriF | Giatrip |, M QO
uong anh huong
Mo hinh 711,89 | <0,0001 74,74 132,48 | <0,0001 37,53
A: pH 248,42 < 0,0001 - 1,18 84,04 <0,0001 | - 0,82
B: Flavourzyme 1.867,25 | <0,0001 3,24 176,43 <0,0001 1,19
C: Nhiét do 87,59 <0,0001 0,68 60,31 < 0,0001 0,68
D: Thoi gian 7.373,10 | <0,0001 6,37 1.353,69 | <0,0001 3,27
E: Toc do ddo tron | 1.003,50 | <0,0001 2,46 181,83 | <0,0001 1,25
F: (NH),SO, 628,33 < 0,0001 1,86 114,36 | <0,0001 0,95
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AB 17,83 0,00 0,43 3,84 0,08 0,24
AC 7,30 0,02 0,25 0,00 0,97 0,00
AD 247 0,15 0,14 4,95 0,05 0,24
AE 16,98 0,00 0,40 2,07 0,18 0,17
AF 0,01 0,92 0,01 6,81 0,03 0,29
BC 20,98 0,00 0,47 0,04 0,85 0,02
BD 1,36 0,27 0,12 20,75 0,00 0,55
BE 133,91 < 0,0001 1,13 0,56 0,47 - 0,09
BF 0,02 0,89 0,02 0,43 0,53 0,08
CD 16,86 0,00 0,38 2,55 0,14 0,18
CE 3,84 0,08 0,18 17,05 0,00 0,46
CF 116,94 | <0,0001 1,03 0,09 0,77 - 0,03
DE 7,68 0,02 0,26 8,04 0,02 0,32
DF 2,82 0,12 0,15 4,98 0,05 - 0,24
EF 12,68 0,01 0,35 2,32 0,16 0,18
A 287,85 | <0,0001 2,53 55,02 <0,0001 | - 132
B? 355,45 | <0,0001 2,49 20,99 0,00 - 0,72
C? 1.516,94 | <0,0001 5,71 260,54 | <0,0001 | - 2,83
D2 1.183,55 | <0,0001 4,89 175,57 | <0,0001 | - 2,25
E? 92,29 < 0,0001 1,33 34,71 0,00 - 097
F? 218,33 | <0,0001 2,27 224,81 | <0,0001 | - 2,76
R? 0,9995 R? 0,997

M6 hinh ctia ham muc tiéu gdm: Hiéu suat
trich ly protein va mtc do thily phan déu c6 gia
tri p < 0,0001, voi R2 1an luot 1a 0,9995 va 0,9972,
chimg t6 cac mo hinh c6 y nghia thong ké va
phu hop véi di liéu, giai thich duoc trén 99% su
bién thién cua ham muc tiéu. Cac bién doc lap
gom: pH, noéng d¢ flavourzyme, nhiét do, thoi
gian, toc do quay va nong do (NH,),SO, déu co
anh huong dang ké dén hiéu suat trich ly protein
va mic do thay phan. Thoi gian, nong do
flavourzyme va toc do dao tron co anh huong
duwong d6i voi ca 2 ham muc tiéu. Nguyén nhan,
do hoat tinh ctia enzyme flavourzyme, do hoa tan
cua protein tr nguyén liéu chiu anh huéng caa
cac yéu t6 anh huong duoc danh gia. Pao tron

giup tang cuong ti€p xuc gitta enzyme va co
chat, thuc ddy toc do phan tmg thay phan giai
phong protein ra moi truong trich ly, tao ra su
tang tuyén tinh cac thong so thi nghiéem. Mu6i
vo co (NH,),SO, giup lam tang luc ion, lam giam
luc ddy tinh dién gitta cac phan tir protein, tir d6
lam tang do hoa tan ctua protein. Tuy nhién, khi
nong do (NH,),SO, qua cao, luc ion manh c6 thé
dan dén két taa protein, lam gidm hiéu suat trich
ly. Két qua nay phu hop véi cac két qua nghién
ctru khac vé tac dong ctia cac yéu to pH, nong do
enzyme, nhiét d0 va mudi dén qua trinh thiy
phan protein [15, 16, 22, 23]. Phuong trinh du
doan cho hiéu suat trich ly protein va muic do
thuy phan nhu sau:

Hiéu sut trich ly protein (%) = + 74,74 - 1,18A + 3,24B + 0,6817C + 6,37D + 2,46E + 1,86F +
0,4337AB - 0,2488AC - 0,1429AD + 0,3950AE - 0,0098AF + 0,4669BC - 0,1169BD - 1,13BE + 0,0151BF -
0,3832CD + 0,1835CE - 1,03CF + 0,2635DE - 0,1505DF + 0,3486EF - 2,53A2 - 2,49B2 - 5,71C2 - 4,89D2 -

1,33E2- 2,27F2

Mtrc @9 thay phan DH (%) = + 37,53 - 8193A + 1,19B + 0,6769C + 3,27D + 1,25E + 0,9470F +
0,2408AB + 0,0046AC + 0,2421AD + 0,1651AE + 0,2854AF + 0,0230BC + 0,5462BD - 0,0872BE +
0,0802BF + 0,1784CD + 0,4627CE - 0,0338CF + 0,3226DE -0,2395DF + 0,1783EF -1,32A2 - 0,7235B2 -

2,83C2-2,25D? - 0,9736E2 - 2,76F2
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Biéu d6 biéu thi moi quan hé gitta cac yéu to
anh huéng va ham dap tng duoc trinh bay &

LT

Tt cac thong s6 ky thuat cta qua trinh
enzyme hoa boi flavourzyme duwoc mo hinh dé
xuat, thuc nghiém trén mo hinh 1 kg nguyén
lieu/mé duoc tién hanh 3 mé dé danh gia sy phu
hop ctia moé hinh va cac diéu kién toi uu hoa. Két
qua thi nghiém duoc trinh bay & bang 5.

hinh 4.

Hinh 4. Anh hudng clia quan hé twong tac gitra cac bién doc 1ap déi voi cac ham dap tmg trong ma

tran thue nghiém t3i wu hoa diéu kién enzyme hda cta flavourzyme stt dungtrich ly protein tir
Chlorella vulgaris

Két qua thuc nghiém cho thiy, cac ham
muc tiéu: Hiéu suat trich ly protein va mutc do
thily phan DH c0 gia tri tuong duong voi két qua
ma mo hinh du doan, ching minh mé hinh phu
hop va cé thé nghién ctru hoan thién trong cac
quy mo san xuat va nghién ctru 1on hon.

Béng 5. Két qua thuc nghiém diéu kién enzyme hda béi flavourzyme tai cic diéu kién tdi wu
biéu llﬂen Nhiét Nong do Thm Toc df’ dao Nong do ngu suat Mitc do thiy
thi 6 (°C) pH | enzyme | gian tron (NH,),SO, | trichly han (%)
nghiem | ¢ %ES) | (gi®) | (vong/phtt) % | protein %) | P °
M6 hinh | 50,832 | 6,861 2,542 2,698 378,522 2,816 79,035 39,96
Thue 50 |68 | 25 2,7 380 28  |7696+0,81| 39,42+ 0,09
nghieém |
4. KET LUAN trich ly protein. Diéu kién to6i wu bao gom: pH 6,

Da tién hanh khao sat va toi vu diéu kién
trich ly protein tir vi tdo Chlorella vulgaris Viét
Nam gom 3 giai doan chinh: Pha t€ bao bang
situ am két hop thiy phan bang viscozyme va
trich ly protein bang flavourzyme. Cac giai doan
nay da duoc t6i uu hoa dé dat duoc hiéu suat
trich ly protein cao nhat trong diéu kién thi
nghiém duoc danh gia. Cong nghé siéu am da
chimg minh 1a mot phuong phap hiéu qua trong
viéc ho tro pha vo t€ bao vi tdo va ting hiéu suat
trich ly protein. Piéu kién t6i wu cho giai doan
nay la: pH 8, nhiét do 50°C, thoi gian 40 phut va
ty lé nguyén liéu/nuéc 100 g/L. St dung
enzyme viscozyme sau khi siéu am giup tang
cuong hiéu qua pha vo té bao va ho tro qua trinh

NONG NGHIEP VA MOI TRUONG - KY 2 -

nhiet do 50°C, thoi gian 90 phut va nong do
enzyme 0,75%. Sau khi pha t€ bao bang
viscozyme, enzyme flavourzyme duoc st dung
dé trich ly protein. DPiéu kién t6i wu cho giai
doan nay la: pH 6,86, nhiét do 50°C, thoi gian 2,5
gio, toc do dao tron 380 vong/phut va néng do
(NH,),SO, 2,8%. Viec st dung mudi vO co
(NH,),SO, gitup tang luc ion, lam giam luc day
tinh dién gitta cac phan t protein, tir d6 tang do
hoa tan cta protein, cai thién hiéu suat trich ly
protein tir nguyén liéu ban dau. Cac két qua thuc
nghiém cho thay, st tvong dong dang ké voi cac
du doan cta mé hinh, chimg minh tinh kha thi
ctia cac thong s6 duoc stt dung trong diéu kién
thi nghiém va kha nang ap dung cac diéu kién
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nay trong cac quy mo lon hon. Cac san phdm
protein tir quy trinh nay c6 tiém nang tng dung
rong rai trong nganh cong nghiép thuc phiam
ciing nhu nguyén liéu tiém nang dé san xuit cac
san pham c6 tinh chitc ndng tir protein Chlorella.
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STUDYING FOR PROTEIN EXTRACTION FROM Chlorella vulgaris USING ENZYME -
COMBINED ULTRASOUND TECHNIQUES

Tran Hoang Quyen!, Nguyen Minh Chau!, Pham Linh Khoa!,

Le Van Bac!, Vu Duc Manh!, Bui Thi Thuy Ha!, Bui Thi Hong Phuong®

1Food Industries Research Institute

Abstract

This study investigates using ultrasound technology and commercial enzymes for protein
extraction from Vietnam Chlorella vulgaris. The research aims to optimize the combined
ultrasound and enzymatic conditions to improve the efficiency and quality of protein extraction.
The study was conducted in three main stages: Ultrasound-assisted cell disruption followed by
hydrolysis with viscozyme and finally, protein extraction with flavourzyme. The study
demonstrates the effectiveness of ultrasound technology in breaking down algal cells and
increasing protein extraction yield. The optimal conditions for this stage were identified as pH 8,
50°C temperature, 40 minutes ultrasound time and a 100 g/L ratio of algae to water. The enzyme
viscozyme was selected as the appropriate cellulase to enhance the disruption of the cells after
ultrasound treatment. The optimal conditions for viscozyme were identified as pH 6, 50°C
temperature, 90 minutes enzyme treatment time and 0.75% enzyme concentration. After the cell
disruption with viscozyme, flavourzyme was used to extract protein, with the optimal conditions
being identified as pH 6.8, 50°C temperature, 2.5 hours treatment time, 380 rpm stirring speed
and 2.8% (NH,),SO, concentration. The use of inorganic salt (NH,),SO, helps to increase the
ionic strength, reduce the electrostatic repulsion between protein molecules and thus increase
the solubility of protein, improving the extraction yield. The experimental results demonstrate
remarkable consistency with the model predictions, highlighting the feasibility of the utilized
parameters in the experimental conditions and their applicability in larger-scale settings. The
research offers promising results for the production of high-quality protein products from
Chlorella vulgaris.

Keywords: Chlorella vulgaris, flavourzyme, protein extraction, response surface methodology,
ultrasound, viscozyme.
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