KHOA HOC & CONG NGHE

NGHIEN CUU BDIEU KIEN SAY BOT X0P
SAN XUAT BOT TAO Spirulina
Phan Thé Duy" ", Tran Pht Quy*, Nguy&n Thi Kim Chi!, L& Nguy&n Doan Duy*
! Khoa Cong nghé thuc pham, Truong Pai hoc Cong Thuong thanh phé Ho Chi Minh

"Email- duypt@huit edu.vn

TOM TAT

Nghién ctu ndy nhim xay dung quy trinh siy bot x6p thu nhan bot tdo Spirulina c6 chat luong
cao, dong thoi danh gia anh hudng ctia mot s6 thong s6 cong nghé quan trong dén san phidm
cudi ciing. Quy trinh gém hai giai doan: (i) tao bot tir dich téo va (ii) sdy 16p bot x6p. Cac yéu to
khéo sat bao gom: Thoi gian xit ly siéu am dich tao (10, 20, 30, 40, 50 phut), ty ¢ tdo: dung moi
(1: 10; 1: 15; 1: 20; 1: 25; 1: 30 w/v), nong do chat tao cau tric carboxymethyl cellulose (CMC)
0,25; 0,5; 0,75; 1%, thoi gian danh bot 1, 3, 5, 7, 9 phut, d6é day 16p bot 2, 3, 4, 5, 6 mm va nhiét do
say 50, 60, 70, 80°C. Két qua cho thdy, diéu kién thich hop cho qua trinh tao bot 1a thoi gian siéu
am 30 phut, ty 1é tdo: dung méi 1: 25 (w/v), nong do CMC 0,75% (so véi khéi luong tao) va thoi
gian danh bot 3 phut. Trong giai doan siy, 16p bot day 3 - 4 mm & 70°C cho thoi gian sdy khoang
200 - 220 phut, v6i hiéu suat thu hdi cao (~ 91%), d6 hoa tan t6t va ham luong protein khoang 66,6
g/100 g chét kho cung ham lwong phycocyanin xap xi 93,6 mg/g chat kho. So sanh véi sdy chan
khong & cung nhiét do cho thdy, say bot x6p giip rat ngan thoi gian sdy, dong thoi bao toan
phycocyanin t6t hon dang ké trong khi hiéu sudt thu hoi tuong duong, qua d6 khing dinh tiém
nang tmg dung ctia cong nghé nay trong san xuat bot tdo Spirulina giau hoat chat sinh hoc. Quy
trinh sdy bot x0p san xuat duoc xay dung da dap tmg t6t muc tiéu nghién ctru. Viéc t6i vu diéu
kién danh bot, ty 1é chat n dinh da nang cao hiéu qua siy va bao toan ham luong protein, d6 4m
bot dudi 5%. Két qua cho thdy, phuong phap sdy bot xop phtt hop dé xt Iy tdo Spirulina, gitp cai

thién toc do sy, chat luvong bot thu duoc va 1a co sé dé phat trién quy mo 16n hon.

Tt khoa: T30 Spirulina, sy bot x0p, phycocyanin, sdy chan khong, bot tio chiic nang.

1. BAT VAN BE

Tao Spirulina (Arthrospira platensis) 1a mot
loai vi khuian lam (Cyanobacteria) dang soi,
thuong duoc x€p vao nhom vi tdo stt dung cho
muc dich dinh duong, c6 ham luong protein rat
cao (50 - 70% khoi luong chat kho), giau vitamin,
khoang chat va cac hop chat c6 hoat tinh sinh hoc,
trong do dang chu y 1a sac t6 protein phycocyanin
[1], [2]. Nhiéu nghién ctru da chi ra tiém nang tng
dung ctia tdo Spirulina trong linh vuc thuc phdm,
duoc pham va my phdm nho cac dic tinh chong
oxy hoa, khang viém va hé tro stc khoe [1], [3].
Da c6 nhimg nghién ctu trude day cho thay, tng
dung cua tdo Spirulina trong bao bi thuc
phim. Viéc két hop sinh khéi tdo Spirulina va cac
san phdm sinh hoc c6 gia tri cao nhu C-PC vao
cong thic dong goi thuc phdm da cho thdy nhing

ung dung khac biét va day hia hen [4]. Ngoai ra,
két qua nghién cttu cia Yu va cs (2017) [5] da
phan 1ap cac peptid chéng oxy hoa tir tdo xoan
Spirulina platensis bang siéu loc, loc gel sic ky va
sdc ky 16ng hiéu ning cao pha dao co trinh tu duoc
x4ac dinh 1a Pro-Asn-Asn (343,15 Da) bang
electrospray st dung 1,1- diphenyl — picrylhydrazyl
(DPPH) dé do hoat tinh chong oxy hoa cta peptid
nay. Peptid nay da duoc tong hop dé xac nhan tinh
chat chéng oxy hoéa ctia no va né thé hién hoat
dong ro & 81,44 + 0,43% DPPH & ndéng do 100
ug/ml [5]. Cac hoat dong chong goc tu do va hoat
tinh SOD cua peptid 1a 47,84 + 0,49%, 54,01 + 0,82%
va 12,55 £ 0,75%, twong tng, & muc 10 mg/ml
Nhitng két qud nay chi ra rang, tdo Spirulina
platensis 13 mot nguon protein chong oxy hoa tot
c6 thé tmg dung trong nganh duoc phidm va thuc
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phdm. Tuy nhién, nguyén liéu tdo tuoi coO ham
luong nudce 16m, dé hu hong va kho bao quan, do
d6 viéc chuyén héa thanh dang bot kho 1a can
thiét nham kéo dai thoi gian st dung, thuan tién
cho van chuyén, bdo quan va nang cao gia tri kinh
té [1].

Trong s6 cac phuong phap sy, siy bot x0p
(foaming-mat drying) duoc xem la mot giai phap
tiém nang cho cac nguyén lieu giau hop chat nhay
cam, nho kha nang tao 16p san phdm mong, x0p,
c6 dién tich bé mat 1on, giup rut ngan thoi gian say
va gop phan han ché tén that chat luong. Nhiéu
cong bo cho thay, ky thuat nay c6 thé giap bao
toan tot hon mau sic, huong vi va kha niang hoa
tan cta cac loai nuoc qua va dich chiét tir thuc vat
$0 voi mot s6 phuong phap sy truyén thong [3]. O
Viéet Nam, cac nghién cttu vé siy bot xop chu yéu
tap trung vao nguyén liéu qua va la nhu: Du dq,
x04ai, 14 man d6..., trong khi ting dung ky thuat nay
cho tdo Spirulina hau nhu chua duoc khai thac,
dac biét 1a dudi goc d6 bao toan phycocyanin - hoat
chat c6 gia tri sinh hoc va kinh té€ ndi bat [6].

Cong nghé sdy bot x0p duoc xem la phuong
phap tiém nang dé bdo toan cac hop chat mang
hoat tinh sinh hoc trong tao Spirulina. Tuy nhién,
quéa trinh ché bién va diéu kién bdo quan dit ra
nhiéu thach thic can duoc kiém soat chit che.
Viéc hinh thanh bot phu thudc vao loai va nong do
chit tao cdu truc, thoi gian va toc @60 danh bot,
ciing nhu d6 nhot cta dich tdo, cac yéu t6 nay
quyét dinh su 6n dinh cta bot trong sudt qua trinh
say. Néu diéu kien tao bot khong t6i uwu, 1op bot dé
xep, dan dén su phan b nhiét khong déng déu va
lam giam hiéu sudt thu hoi. Bén canh d6, do day
16p bot va nhiét do sdy 1a cac thong s6 quan trong
vi 16p bot qua day lam kéo dai thoi gian sdy va gia
tang nguy co phan hiy cac hop chét nhay nhiét
nhu phycocyanin, trong khi 16p bot qua mong cé
thé gay chay hodc bién tinh protein. San ph4dm thu
duoc c6 cau triac x0p va dién tich bé mat 16n khién
cho dé bi hut 4m tré lai, do d6 viéc bao quan bot
can duoc thuc hién trong bao bi toi, chong 4m, han
ché oxy dé duy tri mau sic, hoat tinh sinh hoc,
chat luong cam quan va do 4m dudi 5%.

Tren thé gidi, tdo Spirulina da duoc nghién
ctru voi nhiéu cong ngheé say khac nhau nhiam thu

nhan bot, song cac nghién ctru vé siy bot xop cho
doi tuong nay con han ché va it khi xem xét dong
thoi cac yéu to cong nghé quan trong nhu diéu
kien tao bot, do day 16p bot va nhiet do sdy trong
moi lién hé véi su bdo toan phycocyanin. Bén canh
do, dir lieu so sanh truc tiép gitta sdy bot xop va
mot phuong phap sdy nhiét do thap phé bién nhuw
sdy chan khong & cung diéu kién nhiét do van con
thieu.

Xuat phat tir nhimg khoang tréng néu trén,
nghién cttu nay duoc thuc hién nham dé xuat quy
trinh sdy bot xop thu nhan bot tdo Spirulina tix
nguyén liéu tao tuoi. Cu thé, nghién ctu tip trung
khéo sat cac yéu to anh huéng dén qua trinh tao
bot va qué trinh sdy (dac biét 1a do day 1op bot va
nhiét do say) doi véi cac chi tiéu quan trong nhur:
Ham luwong phycocyanin, ham lugng protein, hiéu
suat thu hoi va do hoa tan, déng thoi so sanh chat
lwong san pham thu duoc bang say bot x6p véi say
chan khong & cung nhiét do. Két qua nghién ctu
ky vong cung cip co s khoa hoc cho viéc tmg
dung cong nghé siy bot x0p trong san xuat bot tdo
Spirulina tai Viét Nam, huéng toi nhitng san phim
c6 gia tri gia ting cao.

2. NGUYEN LIEU VA PHUONG PHAP

2.1. Nguyén lieu

Nguyén liéu chinh la tdo Spirulina tuoi do
Cong ty C6 phan Tao Spirulina Vinh Hao (tinh
Lam DPong) cung cap. Tao tuoi Spirulina duoc cap
dong theo 1 kg/tui va duoc van chuyén dén Phong
thi nghiém cta Truong Pai hoc Cong thuong
thanh pho Hé Chi Minh. Carboxymethyl cellulose

(CMC) dugc chon lam chat 6n dinh bot trong qua
trinh say.

2.2. Quy trinh nghién ctru

Trong nghién ctru, moi thi nghiém st dung 20
g tao Spirulina tuoi (véi do 4m la 85%), nguyén liéu
duoc b6 sung nudc cat, xix Iy siéu am, them CMC
u trong 10 phut va danh bong biang may danh
tring. Hén hop bot sau d6 duoc rét vao khay, siy
& cac muc nhiet do va thoi gian khao sat, sau siy
tién hanh nghién min dé thu nhan bot tdo
Spirulina bing phuong phap siy bot x6p. Cac thi
nghiém duoc tién hanh theo phuong phap don yéu
td, bao gom: Thoi gian siéu am (10 - 50 phut)
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nhim danh gia hiéu qua pha vo t€ bao va giai
phong hoat chat; ty 1é b6 sung dung méi (1: 10 - 1:
30, w/v chat kho) va ty le CMC (0,25 - 1,00% khoi
luong tao nguyén liéu) nham t6i vu héa kha nang
tao bot va do6 6n dinh; thoi gian danh bot (1 - 9
phut) dé xac dinh diéu kién toi wu cho két cau bot;
do day 16p bot (2 - 6 mm) thong qua viéc stt dung
c6 dinh dién tich khay say va khao sat nhiét do sdy
(50 - 80°C) nham danh gia anh hudng dén chat
luong san phdm, bao gom hiéu suat thu héi, ham
lwong phycocyanin va protein.

2.3. Phuong phap phan tich

Ham luong protein tdng dugc xac dinh theo
phuong phap Kjeldahl, dua trén moé ta cta Saéz-
Plaza va cs (2013) [7]. Nito téng duoc xac dinh sau
khi v6 co hoa mau, chung cat va chudn do, sau do
quy ddi sang protein bing hé s6 chuyén ddi 6,25;
két qua duoc biéu dién dudi dang g protein/100 g
chat kho. Do 4m ctia miu duoc xac dinh bing
phuong phap sdy ti & 105°C dén khai luong khong
d6i va dung 1am co s& quy ddi vé chat kho cho cac
chi tiéu lién quan.

Ham luong phycocyanin dugc phan tich theo
Patel va cs (2005) [6]. Dich chiét sau khi ly tam
duoc do phé hap thu UV-Vis (Thermo Scientific,
My) bing cuvet cé bé day quang trinh 1 cm, trong
ving budc séong 190 — 1.100 nm; gia tri hap thu tai
280, 620, 652 nm duoc sir dung dé tinh ham luwong
phycocyanin, sau d6 quy déi va biéu dién dudi
dang mg phycocyanin/g chat kho tio. Hiéu sudt
thu héi bot sau sdy duoc xac dinh dudi dang phan
tram khoi luong chat kho thu dugc trong san
pham so voéi téng lwong chat kho cé trong dich tao
ban dau trudc khi sy.

Cac chi tiéu dic trung cho hé bot duoc xac
dinh theo Nguyen Minh Thuy va cs (2022) [8].
Mat do bot duoc xac dinh bang cach can khoi
luong mot thé tich bot xac dinh (100 mL) trong
ong dong da biét trudc khoi luong va biéu dién
duéi dang g/mL. Do gian n& bot duoc tinh dudi
dang phan tram tang thé tich cta hé sau khi danh
bot so voi thé tich dich tdo ban dau, dua trén cac
gia tri thé tich do bing ong chia do. Do 6n dinh
bot duoc danh gia thong qua thé tich bot con lai
sau khi dé yeén 100 mL bot trong 3 gi® & nhiét do

phong; két qua duoc biéu dién dudéi dang phan
tram so véi thé tich bot ban dau.

T4t ca cac phép do duoc thuc hién it nhat 3 lan
doc lap; két qua trinh bay dudi dang gia tri trung
binh + d6 léch chuin. Phuong phap xtt ly thong ke
dugec mé ta & muc 2.4.

2.4. Phuong phép xtt Iy s6 liéu

Céc thi nghiém dugc thuc hién 1ip lai 3 lan
doc lap; két qua duoc trinh bay dudi dang gia tri
trung binh + d¢ léch chudn. Phan tich thong ke
duoc thuc hién bang phan mém Minitab 19 véi
phan tich phuong sai mot yéu t6 (one-way
ANOVA) va phép tht so sanh trung binh Tukey &
muc y nghia p < 0,05. Biéu d6 va hinh minh hoa s6
lieu duwoc xay dung bang phan mém OriginPro
2018.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Céc yéu t6 anh hudng dén qua trinh tao bot

3.1.1. Anh huéng cia thoi gian siéu am dén
khd nang tao bot

Mat do bot, do gian né bot va do 6n dinh cta
bot 1a co s& dé lua chon thoi gian siéu am cho qua
trinh tao bot. Nuéc cat 1 1an duoc st dung dé lam
dung moéi pha loang cho qua trinh siéu am va
CMC duogc dung lam chat 6n dinh hé bot voi ty 1é
bé sung 0,75% (trén téng khoi luong chat kho).
Céac moc thoi gian siéu am duoc khao sat lan luot
1a 10, 20, 30, 40, 50 phut. Danh bot cac mau thi
nghiém sau khi da xt ly siéu am bang may danh
trimg trong vong 3 phut va ghi nhan duoc cac két
qua 6 hinh 1.
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Hinh 1. Anh huéng ctia thoi gian siéu am

Ghi chu: Cdc chir cdi khdc nhau trong cung
hang thé hién sur khac biét co ¥ nghia thong ké (p
<0,05).
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Két qua & hinh 1 cho thdy, thoi gian siéu am
trong khoang 10 - 50 phut hau nhu khong lam thay
d6i c6 y nghia thong ke do nd bot, do 6n dinh bot
va mat do bot ctia huyén phu tdo Spirulina (p >
0,05). b6 n& bot dao dong quanh 250 - 300%, c6 xu
huéng tang nhe va dat gia tri cao nhat & 30 - 40
phut, trong khi do6 6n dinh bot chi cai thién khong
dang ké theo thoi gian xtt ly. Mat do bot duy tri
gan nhu khong déi (= 0,22 - 0,25 g/mL), ching té
cau tric bot thu duoc twong doi ddong nhat giita cac
nghiém thtc. Diéu nay goi y tac dung cta siéu am
léen kha ning tao va én dinh bot chd yéu xay ra &
giai doan dau; kéo dai thoi gian siéu am trén 30
phut khong mang lai loi ich 1o rét nhung lam ting
chi phi nang luong. Vi vay, thoi gian siéu am 30
phut duoc xem 13 t6i vu cho qua trinh tao bot xop
cho dich chiét tdo Spirulina.

Két qua nay phu hop voi két qua nghién ctru
ctia Hu va cs (2013) [9], khi xtt ly siéu 4m protein
dau nanh, cho thay thoi gian siéu am toi wu giup
tang hoat tinh tao bot nhung kéo dai qua mirc lam
suy giam dang ké.

3.1.2. Anh hudng cua ty Ié pha loang dén kha
nang tao bot
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Hinh 2. Anh hudng ciia ty 1é téo: dung méi
Ghi chu: Cic chir cdi khiac nhau trong cung hang
thé hién sw khdc biét co y nghia thong ké (p <
0,05).

Voi muc dich tang kha nang lan truyén séng
am, tang hiéu suat pha vo té bao giap hiéu suat thu
héi dich chiét cao hon. Mat do bot, 6 nd bot va do
6n dinh cta bot 1a co s¢ d€ Iua chon ty 1é b sung
dung moi cho qua trinh tao bot. Ty 1é tdo: nuéc bo
sung duogc khao sat 1an luot & cac ty 1 1: 10; 1: 15;
1: 20; 1: 25; 1: 30 (dua trén ham luong chat kho caa
tdo). Str dung thoi gian siéu am & két qua cta thuc

nghiém trén 1a 30 phut va c6 dinh luong CMC 1a
0,75% (trén khoi luong nguyén liéu). Qua trinh
danh bot ciing dugc thuc hién tuong tu.

Két qua & hinh 2 cho thay, thay déi ty 1é tao:
dung moi tr 1: 10 - 1: 30 khong 1am bién d6i c6 y
nghia thong ké do né bot, dd 6n dinh bot va mat
do bot ctia hé huyén phu tao Spirulina (p > 0,05).
D6 né bot dao dong quanh 220 - 250% va c6 xu
huong ting nhe khi pha loang hon, trong khi do
6n dinh bot chi cai thién khong dang ké gitra cac
ty 1é khao sat. Mat do bot duy tri gan nhu khong
déi (= 0,28 - 0,30 g/mL), cho thdy ciu truc bot
hinh thanh tuong d6i dong nhat bat ké mitc pha
loang. Diéu nay chung to trong khoang khao st,
ty lé pha loang khong phai 1a yéu t6 quyét dinh
dén kha nang tao va dn dinh bot, do d6 c6 thé lua
chon ty 1é tdo: dung moi khoang 1: 20 - 1: 25 nhu
mot mizc pha loang hop ly, vira bao dam dac tinh
bot, vira han ché luong dung méi st dung trong
qua trinh tao bot x6p tao Spirulina.

Dua trén két qua thuc nghiém va cac cong bo
da tham khao, viéc chon ty 1é tdo: dung moi 1: 25
la phu hop. Ty 1é nay tao ra su can bang hoan
hao: Dung dich da loang dé giam do nhot va ting
cuong kha nang bat khi, nhung van da dam dac
dé protein tao thanh mot lop mang bén vimg
quanh cac bot khi. Khi pha loang hon (1: 30),
nong do protein khong dd, dan dén 16p mang yéu,
khién bot khi dé hop nhat va cau truc bot nhanh
chéng bi pha v do hién tuong thoat nudc. Hién
tuong tén tai mot diém tao bot t6i wu nay cing
pht hop véi cac quan sat trong cic hé thong
protein khac, nhu trong két qua nghién ctru cta
Amezta-Arranz va cs (2024) [10]. Déng thoi, cac
yéu to co dinh nhu song siéu am va chat dn dinh
CMC dong vai tro quan trong trong viéc ho tro
giai phong protein va ting cuong do bén cho ciu
trac bot cudi cling, co ché da duoc Belal va cs
(2023) [11] mo ta chi tiét.

3.1.3. Anh huéng ciia néng do CMC

CMC duoc lua chon lam chét én dinh cho qua
trinh tao bot. Gia tri ciia cdc ham muc tiéu doé né
bot, d 6n dinh bot, mat do bot 1a co s& dé xac
dinh luong chat 6n dinh can bs sung. Ham luong
CMC duoc bé sung lan luot theo ty 1& 0,25; 0,5;
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0,75; 1% (tinh theo khoi luong tio nguyén lieu) voi
muc dich lam dac va gitt nudc cho hé bot. St dung
két qua cta 2 thuc nghiém truoc do dé co dinh
thoi gian siéu am t6i da 1a 30 phut, ty 1é tdo: dung
moi la 1: 25. Qua trinh danh bong sau xir khi xtr ly
siéu am duoc thyc hién tuong tu nhu trén.
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Luong CMC (% khdi lrong tao nguyén ligu)

Do né bot (%) E=SND6 on dinh bot (%) —>—Mat d6 bot (z/mL)

Hinh 3. Anh huéng ciia tj 16 b6 sung CMC

Ghi chu: Cdc chir cdi khdc nhau trong cung
hang thé hién suwr khac biét co y nghia thong ké (p
<0,05).

Két qua & hinh cho thdy, luong CMC bé sung
tee 0,25 - 1,0% khong 1am thay d6i co y nghia thong
keé do né bot va mat do bot (p> 0,05): d6 nd bot duy
tri quanh 280 - 300%, mat d6é bot khoang 0,27 - 0,29
g/mL, chimg t6 kha ning cudn khi va cau tric xop
co ban ctia hé bot hau nhu khong bi anh hudng.
Nguoc lai, d 6n dinh bot ting ro rét theo ham
luong CMC (p < 0,05): Mau 0,25% cho gia tri thap
nhat, 0,5% & muc trung gian, trong khi 0,75 - 1,0%
tao bot én dinh hon. Piéu nay goi y vai tro chinh
ctua CMC la gia tang d6 nhot pha lién tuc va hinh
thanh mang polymer - protein bén hon quanh bé
mit bot khi, giip han ché thoat nudc va déng tu bot
ma khong lam “nang” bot. Viéc mat do bot gan nhu
khong d6i cho thay ham lwong CMC téi 1,0% van
chua gay hién tuong qua dic lam sup bot, do d6 co
thé khai thac loi ich 6n dinh ma khong hy sinh do
x0p. Xeét gitta hai muc 0,75 va 1,0%, do khong co
khéac biét dang ké vé cac chi tieu bot, ndng do 0,75%
duoc xem 13 t6i vu hon vé mat cong nghé va kinh té
cho qua trinh tao bot x6p tdo Spirulina.

Két qua thuc nghiém hoan toan phu hop véi
cac nghién ctru khoa hoc da dugc cong b6, cho
thdy anh hudng kép ctia Carboxymethyl cellulose
(CMC) lén hé bot. Mot mat, viéc ting nong do
CMC giup cai thiéen dang ké do 6n dinh caa bot.

Co ché chinh ding sau hiéu tng nay la su gia ting
d6 nhot cta pha long, tao ra mot rao can vat ly lam
cham qua trinh thoat nuéc va gitt cho cdu triac bot
bén vimg hon. Quan sat nay twong dong voi két
qua nghién cttu ctia Belal va cs (2021) [11], ghi
nhan d¢ 6n dinh bot ca chua ting ro réet khi ting
néng d0 CMC. Mat khac, chinh su gia ting do
nh6t nay lai tao ra mot s “danh d6i”: N6 can tré
qua trinh tich hop khong khi vao dung dich trong
khi danh tron, dan dén do né ctia bot giam va khai
luong riéng tang len. Méi quan he ty e nghich nay
ciing duoc xac nhan trong két qua nghién cttu ctia
Gao va cs (2024) [12]; Pirsa va Hafezi (2023) [13],
theo d6 bot c6 xu hudng co lai khi ndng do CMC
tang 1én va cac hydrocolloid khic nhu xanthan
gum ciing thé hién xu huéng tuong tu. Do d6, viec
ung dung CMC trong thuc té khong phai 1a t6i da
héa nong do, ma 1a tim kiém mot diém toi wu, can
béang giita yéu cau vé do 6n dinh cho qua trinh ché
bién va cac dic tinh cAm quan mong muén cla san
phdm cuéi ciing nhu do nhe va do x6p [12, 13].

3.1.4. Két qua khdo st anh hudng cua thoi
gian tao bot

Trong quy trinh siy bot x6p, budc dau tién va
quan trong nhat 1a tao ra mot 16p bot dat yéu cau.
Lép bot nay phai da xop dé qua trinh siy dién ra
nhanh chéng, dong thoi phai dt bén dé giit nguyén
cau truc trong sudt qua trinh gia nhiét. Thoi gian
danh bot 1a yéu t6 anh huéng truc tiép dén ca hai
dac tinh nay. Néu thoi gian qua ngan, bot sé khong
da nd; néu qua dai, cau truc bot sé bi pha hay va
mat di do on dinh. Vi vay, tién hanh khao sat thoi
gian tao bot & cac méc 1, 3, 5, 7, 9 phit.
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Hinh 4. Anh huéng ciia thoi gian danh bot
Ghi chii: Céc chir cdi khdc nhau trong cung cot
thé hién sur khac biét co y nghia thong ké (p < 0,05).
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Dua trén két qua phan tich thong ke, c6 thé
két luan rang, thoi gian danh bot toi vu cho qua
trinh tao bot 1a 3 phut. Tai thoi diém nay, bot dat
chat lugng vuot troi khi do né bot dat gia tri cuc
dai 1a 307,90 £ 2,55%, mot con s6 khac biét co y
nghia thong ké so voi tat ca cac thoi diém khac.
Song song d6, dd 6n dinh bot ciing dat muc cao
nhat 1a 86,97 + 0,15%, cao hon dang ké so véi viec
kéo dai thoi gian danh bot. Pang cha y, phan tich
cho thdy, thoi gian danh bot khong gay anh huéng
c6 y nghia thong ké (p > 0,05) dén mat do bot, von
duy tri 6n dinh quanh muc 0,29 g/mL. Vi vay, viec
kéo dai thoi gian danh bot sau 3 phat sé lam suy
giam dang ké cac dac tinh cu tric quan trong ctia
bot ma khong mang lai loi ich nao, khiang dinh 3
phut chinh 1a thoi gian 1y teong nhat cho qua trinh
nay. Co6 thé giai thich nguyén nhan la cdu truc bot
da dat toi trang thai bao hoa nén bot khong thé
tang thém nita. Két qua nay c6 su twong dong voi
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két qua nghién ctu cta de Faria Cardoso va cs
(2023) [14].

3.2. Céc diéu kién anh huédng trong quy trinh
sdy bot xop

3.2.1. Anh hudng do day bé mat Iop bot dén
thoi gian siy, hiéu suat thu hoi, ham lrong
phycocyanin, ham lirong protein

Do day ctia 16p bot 1a mot yéu to then chot, co
anh hudng truc tiép dén hiéu qua ctia qua trinh sdy
va chat luong ctia san phdm cudi cung. Lép bot
qua day c6 thé lam ting thoi gian sdy, dan dén
nguy co suy gidm cac hop chat nhay nhiét va lam
bién tinh cac hop chat. Nguoc lai, mot 16p bot qua
mong sé lam thoi gian sdy rut lai nhung 1am giam
nang suat cta thiét bi. Do do6, anh hudng cta do
day 16p bot dén cac chi tiéu quan trong duoc khao
sat & cac moc do day 2, 3, 4, 5, 6 mm
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Hinh 5. Anh hudng ctia 6 day 16p bot
Ghi chii: Céc chit cdi khdc nhau trong cung hang thé hién sur khéc biét co y nghia thong ké (p < 0,05).

Két qua & hinh 5 cho thay, do day 16p bot anh
huong ro rét dén ham luong phycocyanin va cac
chi tiéu cong nghé, trong khi ham lugng protein
hau nhu khong thay déi. Ham luong protein dao
dong quanh 65 - 67 g/100 g chat kho va khong
khac biét c6 y nghia gitta cac ¢ day khao sat (p >
0,05), cho thdy phan lén protein tong twong déi
bén trudc su thay déi do day lop bot. Nguoc lai,
phycocyanin dat gia tri cao va tuong duwong nhau
khi @6 day nam trong khoang 2 - 4 mm (= 80 mg/g
chat kho), nhung gidm c6 y nghia théng ké khi 16p
bot day tir 5 mm tré lén (= 65 mg/g chat kho, p <
0,05). Su suy giam nay c6 thé lién quan dén viec
16p bot day tao nén vi moi truong dan nhiét kém va
ving qua nhiét cuc bo, thuc ddy qua trinh oxy hoa

40

va bién tinh phttc hop protein - sic to phycocyanin,
phu hop v6i cac két qua vé tinh nhay nhiét va sy
phan huy oxy hoa ctia phycocyanin di duoc Patel
va cs (2005) [6]; Moraes va cs (2011) [15] ghi
nhan.

Xét dudi goc do cong nghé, cac nghiém thic &
hai d¢au khoang khéo sat boc 16 nhiéu han ché. O
do day 2 mm, thoi gian sdy ngin nhat va do hoa
tan dat gi4 tri cao nhat (khoang 66%), song 16p bot
qua mong, gion va dé bam dinh khay nén hiéu
suat thu héi thap hon (90,50 + 0,30%) do ton that
co hoc. Nguoc lai, & do day 5 - 6 mm, thoi gian sdy
kéo dai (toi khoang 240 phut), do hoa tan giam
dang ké va san phdm c6 xu huéng day, kho phan
tan lai sau sdy. Nhom d¢ day 3 - 4 mm thé hién su
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can bang tot nhat gitta cac chi tieu: Hiéu suat thu
héi cao nhat va khong khac biét thong ke (91,53 +
0,35% va 91,80 + 0,30%, p > 0,05), thoi gian sy
trung binh 191,67 + 7,64 va 208,33 + 2,89 phuat
thuéc cting mot nhéom thong ké, dong thoi van
duy tri ham luong phycocyanin & miic cao va do
hoa tan chdp nhan dugc. Diéu nay cho thdy, 16p
bot day 3 - 4 mm vira da moéng dé bao ve
phycocyanin va rut ngan thoi gian sy, vira da day
dé tao tdm bot 6n dinh, dé thu hoi. Két qua nay
nhat quan véi két qua cac nghién ctru foam-mat
khac, trong d6 nghién ctru cia Rajkumar va cs
(2007) [16] ciing nhian manh sy ton tai ctia mot
“@o day toi wu” gidp can bang giita thoi gian sdy
va chat luong san pham.

322 Anh huéng nhiét do siy dén thoi gian
sdy, hiéu suat thu hoi, ham hrong phycocyanin,
ham lrong protein

Dich tao sau khi dugc tao bot & diéu kién toi
uu duoc sdy & 50, 60, 70, 80°C dén khi do 4m tham
x6p con < 5%. Két qua cho thdy, ham luong protein
cta bot tdo dao dong quanh 66 - 67 g/100 g va
khong khac biét ¢ y nghia théng ke gitra cac mtrc
nhiét do khao sat (p > 0,05). Diéu nay goi y rang,
cac lien két peptide trong protein cta tdo Spirulina
tuong doi bén nhiét trong khoang 50 - 80°C, phu
hop véi nhan dinh ctia Desmorieux va Decaen
(2005) [17] khi nghién ctu say vi tao.

Nguoc lai, phycocyanin thé hién ro6 vai tro 1a
chi tiéu nhay cam nhat véi tac dong nhiét. O 50°C,
ham luong phycocyanin dat 91,53 + 3,52 mg/g va
duoc duy tri & mic cao khi ting nhiét do 1én 60 va
70°C (su suy giam chi & muc nhe). Tuy nhién, tai
80°C ham luong phycocyanin giam manh con

khoang 60,32 + 0,07 mg/g, khac biét c6 y nghia so
v6i 3 muic nhiét do con lai. Sy suy giam dot ngot
nay co6 thé dugc giai thich béi hién twong bién tinh
nhiét va pha vo phic hop sic td - protein lam mat
mau va giam hoat tinh sinh hoc ctia phycocyanin,
twong tu quan sat cua Sarada va cs (1999) [18],
cling nhu cac nghién ctu vé tinh 6n dinh nhiét cta
phycocyanin [19].

Vé khia canh cong nghé, khi nhiét do sdy ting
tir 50 len 80°C, thoi gian sdy giam dang ké; & 80°C,
thoi gian say chi con 185,67 + 4,04 phut, phu hop
v6i nguyeén ly rat ngin thoi gian nho ting chénh
lech nhiét 4m trong ky thuat say bot xop [19].
Hiéu suat thu hoi bot & tat ca cac muc nhiét déu
cao (khoang 90 - 91%), voi dat gia tri 91,34% tai
80°C, nhung khong c6 khac biét théng ke (p >
0,05), cho thay t6n that vat chat trong qua trinh
sdy la khong dang ké. Do hoa tan ctia bot ting tir
60,23% & 50°C lén cuc dai 63,59% tai 70°C réi gidam
nhe khi sdy & 80°C, cho thay nhiét d6 qua cao co
thé gay bién tinh va két tu mot phan protein, lam
suy giam kha nang tai phan tan ctia bot.

Nhuw vay, mac du nhiét do 80°C cho thoi gian
sdy ngin nhat, sy suy gidm manh ham luong
phycocyanin va xu huéng giam do hoa tan cho
thay diéu kién nay khong phu hop vé mit chat
Iwong. Nhiét do 70°C cung cap su can bang tot hon
gitta hiéu qud sdy (thoi gian sdy rut ngin, hiéu
sudt thu hoi cao) va bao toan cac dac tinh chic
ning quan trong cua bot tdo (ham luong
phycocyanin con cao va do hoa tan lon nhat), do
d6 duoc dé xuat 1a nhiet do sdy thich hop cho san
phim bot x0p tao Spirulina.
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Hinh 6. Anh huéng cia nhiét ¢ siy
Ghi chi: Céc chir cdi khdc nhau trong cung hang thé hién su khdc biét co y nghia thong ké (p <

0,05).
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3.3. So sanh hiéu suit sdy cia phuong phéap
sdy bot x6p va sdy chan khong

Sau khi thuc hién khao sat cac yéu t6 anh
hudng dén qua trinh sdy, cé thé thay moi phuong
phap déu wu diém riéng. SO liéu toi wu nhat sau khi
khao sat 2 phuong phap & cung nhiét do say 70°C
duoc thé hién & bang 1.

O cung diéu kien nhiet do 70°C, hai phuong
phap say bot x0p va sdy chan khong cho hiéu suat
thu hdi san pham tuong duong nhau, 1an luot 86,40

+ 0,30% va 85,05 + 0,60%, s khac biét khong co y
nghia thong ké (p > 0,05) (Bang 1). Diéu nay cho
thdy, viec thay d6i cong nghe siy chi yéu anh
hudéng dén chat luong hon 1a luong san pham thu
hoi. Tuy nhién, thoi gian say ctia phuong phap bot
x0p chi khoang 180 phut, ngan hon gan 30% so voi
sdy chan khong (250 phut), phu hop véi nguyeén ly
tang dién tich bay hoi va hé s¢ truyén khéi ctia cdu
trac bot xap [20].

Béng 1. So sanh sin phim séy ctia phuong phép sdy bot x6p va sdy chan khong

Phuong phap sdy Say bot xp Say chan khong
Thoi gian sdy (phut) 180 250
Hiéu suat thu hoi (%) 86,40 + 0,30 85,05+ 0,60
Ham luong protein (g/100 g chat kho) 66,64 + 0,85 60,10 + 0,32
Ham luong phycocyanin (mg/g chat kho) 93,63+ 0,71 60,01 + 0,38

Vé chat luong dinh duong - chitc nang, sdy bot
x6p cho ham luong protein cao hon c6 y nghia
thong ke so voi sdy chan khong (66,64 + 0,85 so
voi 60,10 + 0,32 g/100 g chat kho, p < 0,05). Su
khac biét cang ro rét hon doi véi phycocyanin:
Mau sdy bot x6p dat 93,63 + 0,71 mg/g chat kho,
trong khi mau sdy chan khong chi dat 60,01 + 0,38
mg/g, twong tmg cao hon khoang 56% (p < 0,05).
Dbiéu nay cho thdy, phycocyanin - sic t6 - protein
nhay cam véi nhiét - duoc bao toan tot hon dang ké
khi 4p dung sdy bot x6p. Co ché nay c6 thé lien
quan dén viéc giam thoi gian ti€p xtc voi nhiét va
st phan b6 4m déng déu hon trong 16p bot, qua
d6 han ché bién tinh va phan hdy phycocyanin so
voi qua trinh sdy kéo dai trong diéu kién chan
khong [20].

Nhu vay, trong ctung diéu kién nhiét do 70°C,
mic du hiéu suat thu hoi ctia hai phuong phap
tuong duong nhau, sdy bot x6p t6 ra vu viét hon vé
thoi gian sdy va kha ning duy tri ham lwong
protein ciing nhu phycocyanin. Do d6, phuong
phap sdy bot x6p dugc xem 1a lya chon phu hop
hon dé sin xuat bot tdo Spirulina giau hoat chat
sinh hoc.

4. KET LUAN

ba xac dinh dugc cac diéu kién cong nghé
thich hop cho qua trinh say bot x0p tdo Spirulina,
voi giai doan tao bot cho két qua tot nhat trong
pham vi khao sat khi sitr dung thoi gian siéu am

dich tado 30 phuat, ty 1é tdo: dung moi 1: 25 (w/v),
noéng do CMC 0,75% (so v6i khoi luong tao) va thoi
gian danh bot 3 phut. Trong giai doan sdy, nhiét do
70°C két hop véi do day 16p bot 3 - 4 mm cho thay
su thoa hieép hop ly giira thoi gian sdy, hiéu suat
thu hoi, do hoa tan va kha nang bao toan protein,
phycocyanin; trong d6 do day 4 mm duoc dé xuat
la diéu kién van hanh wu tién, voi thoi gian sdy
trung binh 219,60 phut, hiéu suat thu héi 91,35 +
0,35%, ham luong phycocyanin 93,62 + 0,70 mg/g
chat kho va ham luong protein 66,64 + 0,56 g/100
g chat kho. Lop bot qua méng (2 mm) tuy cho mot
s6 chi tieu hoa ly cao hon nhung kém thuan loi
trong thao tac do dé vo va kho thu héi, trong khi
16p bot day (> 5 mm) lam kéo dai thoi gian sdy va
suy giam ro rét phycocyanin va do hoa tan. So
sanh voi sdy chan khong & cung nhiét do cho thay,
sdy bot x6p cho hiéu suét thu héi twong duong
nhung rat ngan thoi gian sidy va bao toan
phycocyanin t6t hon, qua dé khang dinh day 1a lya
chon cong nghé phu hop dé san xuit bot tdo
Spirulina giau hoat chat sinh hoc cho cac tng
dung thuc phdm va thuc phdm chttc nang.
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INVESTIGATION OF FOAM-MAT DRYING CONDITIONS FOR Spirulina POWDER PRODUCTION
Phan The Duy?, Tran Phu Quy', Nguyen Thi Kim Chil, Le Nguyen Doan Duy!
1 Faculty of Food Science and Technology, Ho Chi Minh University of Industry and Trade
Abstract

This study aimed to develop a foam-mat drying process for producing high-quality Spirulina
powder and to evaluate the effects of key processing parameters on the final product. The
process consisted of two main stages: Foam formation from a fresh Spiruiina slurry and foam-mat
drying. The investigated factors included ultrasonic treatment time of the algae slurry (10, 20, 30,
40, 50 minutes), algae-to-solvent ratios (1: 10, 1: 15, 1: 20, 1: 25, 1: 30 w/v), concentrations of the
foaming stabilizer carboxymethyl cellulose (CMC) at 0.25, 0.5, 0.75, 1%, whipping times of 1, 3, 5,
7, 9 minutes, foam layer thicknesses of 2, 3, 4, 5, 6 mm, and drying temperatures of 50, 60, 70,
80°C. Optimal foaming conditions were achieved at 30 minutes of ultrasonication, a Spirulina-to-
water ratio of 1: 25 (w/v), 0.75% CMC (based on the biomass) and 3 minutes of whipping. In the
drying stage, foam layers 3 - 4 mm thick dried at 70 °C required approximately 200 - 220 min and
yielded powders with high solids recovery (~ 91%), good solubility, a protein content of about
66.6 g/100 g dry weight and a phycocyanin content of approximately 93.6 mg/g dry weight.
Compared with vacuum drying at the same temperature, foam-mat drying markedly shortened
the drying time and preserved phycocyanin to a significantly greater extent, while maintaining
similar recovery yields. This highlights its potential as a suitable technology for producing
Spirulina powders enriched in bioactive compounds. The foam-mat drying process developed in
this study satisfactorily met the research objectives. Optimization of whipping conditions and
stabilizer ratios improved drying efficiency while preserving protein content and maintaining the
final powder moisture below 5%. The results demonstrate that foam-mat drying is a suitable
method for processing Spirulina, enhancing drying rate, improving powder quality, and providing

a foundation for future scale-up.

Keywords: Spirulina, foam-mat drying, phycocyanin, vacuum drying, functional Spirulina powder.

Ngay nhan bai: 01/10/2025

Ngay chuyén phan bien: 9/10/2025
Ngay thong qua phan bién: 11/11/2025
Ngay duyét dang: 5/12/2025

44 NONG NGHIEP VA MOI TRUONG - KY 2 - THANG 12/2025



