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TOM TAT

Nghién ctru ndy nham xay dung va danh gia cac mo hinh dong hoc mé ta qua trinh sdy bot xdp tao
Spirulina 6 cac muc nhiét do khac nhau (50, 60, 70, 80°C). Tao Spirulina duge xu 1y tao bot bang cich
b6 sung CMC 0,75%, danh bot 3 phut, 16p bot day 4 mm va tién hanh sdy trong khoang 3,5 - 5 gio tily
nhiét do, cac két qua trén da duoc kiém tra bang md hinh téi wu héa. Ba m6 hinh toan hoc gbém Lewis,
Page va Henderson & Pabis dugc sir dung dé mé phong qué trinh giam am. Céc chi s6 thong ké (B2 %,
RMSE) dugc dung dé danh gia mirc 6 phu hop giita dit lidu thyc nghiém va md hinh dy doan. Két qua
cho thdy, m6 hinh Page 1a mé hinh mé ta chinh x4c nhit dong hoc sy bot xbp tao Spirulina, véi R? dat
tir 0,9976 - 0,9994, trong khi RMSE va y? déu ¢ muc rat thap. Diéu nay cho thiy, qué trinh thoat 4m
trong cAu truc bot xép phuc tap khong tuén theo quy luat ham mi don gian ma dugc phan anh chinh xac
hon béi dang phi tuyen ciia md hinh Page. Phan tich SEM, FT-IR va XRD cho thay, nhiét do sdy anh
hudng dang ke dén céu truc va dic tinh hoa ly cua bot. O 70°C, mau bot ¢b cau trac XOp 6n dinh, kha
nang hoa tan t6t, it bién tinh protein va van duy tri cac déc trung hoa hoc co ban. Két qua cho thdy, ¢
diéu kién sy phu hop, bot tao c6 cau tric toi x0p, it bi co rit, tir d6 cai thién kha nang tai hoa tan so voi
cac diéu kién say nhiét d6 cao hodc thoi gian kéo dai.

Tir khéa: M6 hinh déng hoc, tdo Spirulina, sdy bot xop.

1. DAT VAN DE

Céhu tric doc dao cua téo Spirulina 1a mot trong
nhing yéu td quan trong quyét dinh dén gia tri cta no.
Khong giéng v6i nhitng thanh cellulose ciia cac loai
tao luc thong thuong, thanh té bao cta Spirulina dugc
céu tao chu yéu tir peptidoglycan, mot ciu trac mong
manh. Day 1a mot trong nhitng diéu gitp cho co thé
con nguoi cling nhu 1a dong vat de dang tiéu hoa va
hép thy cdc dudng chat bén trong té bao ma khong can
trai qua nhiing budc xur ly phtrc tap. Ham lugng
protein c6 trong tao Spirulina chiém tir 50 - 70% khbi
lwong kho cua tdo, 1a mot ti 1€ dac biét cao so vdi cac
ngudn thyc vat khac. Pay 1a mot ngudn protein hoan
chinh, chira tit ca céac axit amin thiét yéu. Do do, viéc
bao quan tao Spirulina & dang bot 1a vo cung can thiét
[1,2].

Nhiéu k¥ thuat sy da dugc nghién ctru va ung
dung nhdm san xuét bot tao Spirulina phuc vu muc
dlch bdo quan va md rong kha nang Gng dung cia
ngudn nguyén liéu gidu gia tri dinh dudng ndy. Cac
phuong phép sy truyén thong bao gém: Siy 601 luu
khong khi nong (50°C trong 12 gid) [3, 4], sdy lanh
bom nhiét (50°C trong 10 gid) [4, 5] va sdy thing hoa
(-30°C trong 24 gid) [3]. Bén canh d6, mot sd k¥ thuat
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séy hién dai ciing di dugc phat trién nhu sdy vi song
két hop chan khong (4800 W trong 40 phiit) [3] va say
hong ngoai (40 - 75°C) [6]. Ngoai ra, mot sb nghién
ctru con tich hop cac phuong phap tién xir ly nham
pha v& c4u tric sinh khdi, chang han nhu nghlen min
bang thiét bi nghién bi, xtr Iy vi song (120 gidy, tan sd
2.450 Hz, cong suat 1.400 W), hodc hap tiét tring
(121°C trong 30 phut, ap suat 200 kPa) [7].

Diém chung cua cac nghién ctru nay la huéng dén
viéc giam thiéu su suy giam ham luong phycocyanin
trong tao Spirulina, dong thoi kiém soat chat lugng
dinh dudng va mau sdc cua san pham bot. Tuy nhién,
nhleu phuong phap trong s6 do chua dam bao duy tri
t6i wu chat lugng san pham cudi, hodc néu dat duoc
hiéu qua bao toan cac hop chat ¢ hoat tinh sinh hoc
thuong doi hoi chi phi dau tu thiét bi cao, lam gia ting
dang ké gia thanh san phém Trong bdi canh do,
phuong phap sdy bot xdp ndi 1én nhu mot giai phap
tiém nang nhd quy trinh don glan két hop pha v&
mang té bao, tao cau truc bot vdi cac 16 rong khi va
tién hanh sdy trong thoi gian ngin, qua d6 gop phan
giam chi phi va ning cao hiéu qua kinh té.

S4y bot x0p la qua trinh chuyén d6i nguyén
liéu dang long hodc ban rén thanh hé bot dn dinh
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thong qua viéc ) sung chét tao bot va chit 6n
dinh, két hop voi viéc dua mot lugng khong khi
déng ké vao hé. Lop bot sau khi hinh thanh duoc
tradi mong trén khay va say bang khong khi nong ¢
nhiét d¢ thich hop cho dén khi dat do am yéu cau.
Céu trac bot x0p voi dién tich bé mat tlep xuc 16n
lam gia tang giao dién long-khi, tir d6 thac dy qua
trinh thoat 4m nhanh hon ngay ca ¢ nhiét do say
thap. Két qua cua qua trinh say la cac tam hoic
tham vat liéu x6p mong, sau d6 duoc nghlen nhe
dé thu nhan san pham bot min [8]. Nho d6, say bot
xép khong chi rit ngin dang ké thoi gian sdy va
t1et kiém nang lugng ma con gép phan bao toan
cAu trac vi mo va cac hop chit nhay nhiét, qua d6
nang cao chat lwong va kha ning tai hoa tan cia
san pham bot.

Hién tai, cac nghién ciru vé siy bot x6p dang
tdp trung vao viéc toi uu hoa cac thong s6 k¥ thuat
dé nang cao hiéu qua sdy va chat lugng san pham
Trong nghién ciu t61 wu hoa bot trong qua trinh siy
bot x6p qua ddu tim da thé hién cac anh huong cua
thoi gian danh bot, n(‘3ng do albumin (6 - 10%),
CMC (0,1 - 0,5%), thoi gian sdy (50 - 70°C ) dén
cic dic tinh cua bot. Két qua cho thay, thoi gian
danh bot 1 yéu té anh hudng chinh, tiép theo 1a dén
cac chat 6n dinh bot va chét tao bot duoc khao sat.
Diéu kién toi vu duge thé hién néng d6 albumin, gia
tri CMC va nhiét do siy lan lugt & 9,07%, 0,39% va
62°C. Gia tri ti wu ctia d9 nd bot va do 6n dinh bot
lan luot dat duogc 467,90% va 97,02% [9]. Mot sb
nghién ctru khac di dua ra sy anh huéng cua siy
bot xdp dén cac hop chét c¢6 hoat tinh sinh hoc trong
thuc phém co nguén géc thuc vat. Két qua cho théy,
sdy bot xp co thoi gian sy ngan di mang lai loi
ich cho viéc gilr lai cac hoat tinh sinh hoc. Trong
qua trinh thuc hién, 6 nhiét d§ khong khi 40 - 65°C,
do day bot tir 0,2 - 1 cm va sir dung chét tao bot 1a
long trang tring dan dén kha niang gir hoat tinh
sinh hoc cao [10]. Cac nghién ctru trén da thyc hién
viéc danh gid cac 4nh hudng cua qué trinh tao bot
nhung chua dua ra dugc phuong phap dé xac dinh
thoi gian séy phu hop theo nhiét do néu ap dung
phuong phap siy bot xdp v6i quy md 16n hon. Vi
vdy, trong nghién ciru nay, di dé xuit 3 mo hinh
toan hoc la Page, Lewis, Hederson va Pabic nham
mo hinh héa dong hoc qua trinh siy bot x6p tir nhiét
do, tir d6 kiém soat dugc chét lugng san phrflm bot
tao Spirulina thanh pham bang cac phuwong phap
phan tich k¥ thuét vat liéu kinh hién vi dién tu quét
(SEM, Scanning Electron Microscopy), quang phd
hong ngoai bién ddi Fourier (FT-IR, Fourier
Transform Infrared Spectroscopy) va nhiéu xa tia X
(XRD, X-ray Diffraction) .

2. NGUYEN LIEU VA PHUONG PHAP

2.1. Qua trinh tao bot va phwong phap siy
bot xop

Tao dugc can 20 g cho mdi mau sdy theo 4 mdc
nhiét d6 dugc khao sat (50, 60, 70, 80°C). Pha loang
mau tao véi nudc cit theo ty 18 1: 25 (w/w chit kho),
va siéu am trong 40 phut nham pha v& té bao tao, hd
tro qua trinh tao bot. Cac mau dich sau siéu am duoc
b6 sung CMC 0,75% (w/w tao nguyén li€u), thoi gian
tao bot trong 3 phut bang méay danh tring, d6 day bot
4 mm. Céc yéu to trén da dugc khao sat & nghién ctru
trude d6 [11]. Tién hanh siy mau trong khoang thoi
gian tr 5 gio, 4,5 gio, 4 gio va 3,5 gio, tuong ting voi
cac muc nhiét d s?iy trén.

2.2. Phwong phap phén tich

2.2.1. M6 hinh dong hoc scfy bot xép

M, - M,
"M, - M,

Ti 18 46 4m (MR - Moisture Ratio) ctia cac md
hinh trong bang 1 dugc tinh nhu sau:

Ti 18 d6 am (MR) c6 thé duoc don gian hoa thanh
M, /My, v6i M, 1a @6 am tai thoi gian khao sat
(kgnusc/Kgenit kno) va Mo 1a do am ban dau (kgnusc/Kgenit
ko) [12]-

Dit liéu thuc nghiém cua qua trinh sﬁy kho duoc
danh gia bang phan tich hdi quy va viéc lya chon mé
hinh dugc tién hanh dya trén hé sé xac dinh (R, chi
binh phwong trung binh (%), sai s6 binh phwong trung
binh (RMSE) bang phan mém Excel. Thi nghiém dugc
tién hanh 3 1an Idp lai. M6t mo hinh duoc coi 14 phu
hop hon khi gia tri R* cao va gia tri %, RMSE cang
thap [13].
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Trong dé: MR, la ti 16 d6 4m thyc nghiém

MR, ;1ati ¢ do am dy doan ctia md hinh; N 1a s dit

lidu quan sat; Z 1 hang s6 mo hinh [14].

Céac tham sb trong md hinh: t 1a thoi gian sdy
(phut); k£ lg‘l hang s6 say; a va n 1a hé so0 mo6 hinh; MR
la ti 1¢ d6 am.
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Bang 1. Cac mé hinh toin hgc sit dung mé hinh héa qua trinh siy bot xop [6]

A N Céc h¢ s sau khi bién d6i mo
STT Mo hinh Cong thirc tinh hinh dang: ¥ = AX + B
1 Lewis MR =exp (-k X t) :Ali(z_‘ZRI)a’ /:Y; 5
_ o = In(-In(MR)); X = In(?);
2 Page MR =exp (-kx 1) A =n: B = In(k)
Henderson _ Y=In(MR), X=t,
3 & Pabic MR =axexp (-kx1) A =-k B=In(a)

2.2.2. Phdn tich cdu tric vat liéu

Kinh hién vi dién tir quét (Scanning electron
microscope, SEM): La phuong phap chyp anh ciu
tric bé mat ciia mau vat liéu ran ¢ cac ché do phong
dai khac nhau. Cac mau (nhiét do say khac nhau)
dugc tién hanh kiém tra ciu trac vi mo bang thiét b
kinh hién vi dién tur quét (Jeol, Nhat Ban), hinh anh
duoc thé hién qua cac mirc do phong dai khac nhau &
100, 500, 1.000, 2.000, 5.000, 7.000, 10.000 lan.

Quang phd hong ngoai bién dbi Fourier (Fourier
transform infrared spectroscopy, FTIR): Phuong phap
cung cap cac thong tin ¢6 gia tri lién quan dén céc lién két
héa hoc va nhom chirc hda hoe trong cau tric cia phan ti
hitu co. Mau bot tao dugc phan tich bang thiét bi quang
phd hong ngoai (Jasco, Nhat Ban) v6i pham vi quét cua
quang phd hong ngoai gan trong khoang tir 500 - 4 000
cm’ v6i d6 phan giai (Resolution) dugc ddt &2 cm’™

Nhiéu xa tia X (X-ray diffraction, XRD): Phuong
phap danh gia thém nhiing thay d6i vé do két tinh va
tir 46 xac dinh duoc hinh thai két tu cia cac phan tr
trong bot. Mau duoc phan tich bang thiét bi quang phd
nhiéu xa tia X (Bruker, Dtic) véi nhiéu xa quét (26)
trong pham vi tir 5 - 80° v6i bude do 0,02°, dong dién
ong 10 mA, dién 4ap 30 kV va sir dung dau do
Lynxeye (1D mode).
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2.3. Phwong phap xir Iy s6 li¢u

Céc thi nghiém dugc lip lai 3 1an dé dam bao do
tin cdy. Két qua duoc phan tich thong ké bang phan
mém Microsoft Excel 2016 va Design Expert v13.
Déi véi md hinh dong hoc say, do phu hop duge danh
gi4 thong qua hé sb xac dinh (R?), chi sé RMSE va chi
binh phuong (y?). M6 hinh c6 gia tri R? cao va RMSE,

x’ th?ip duoc lwa chon dé mo ta chinh xéac qué trinh se”iy

bot x0p.
3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. M6 hinh héa dwong cong siy

Qué trinh sdy bot xbp tao Spirulina dugc tién
hanh khéo sat & cac mirc nhiét d6 khac nhau (50, 60,
70, 80°C) nham danh gia anh hudéng cta nhiét do dén
toc do giam am cing nhu xac dinh m6 hinh dong luc
hoc sdy phu hop nhat. Két qua cho thay, khi nhiét do
sdy tang tir 50°C 1én 70°C, thoi glan can thiét dé miu
dat trang thai gan can bang am giam 13 rét, tir khoang
300 phut xuong con 180 phut, twong ung muic rut
ngin khoang 40%. Diéu nay chig to, viéc ting nhiét
do sdy gitp thic ddy manh mé& qua trinh khuéch tan
Am tir bén trong vat li¢u ra bé mit, dé)ng thoi lam tang
chénh léch ap suét hoi gitta vat liéu va moi truong
xung quanh, tir 6 gia ting toc d6 bay hoi.

16
12

gos

D 04

e

Théi gian (gidy)
==#--MR thyc nghiém —e—MR Lewis

Thoi gian (gid)
--#--MR thyc nghifm  —e— MR Page

4 3 0 1 2 3 4 5
Thoi gian (gia)

--#--MR thyc nghiém  —e—MR Henderson & Pabis

Hinh 1. M6 hinh Lewis, Page, Henderson & Pabis mé phong ty 1¢ 9 Am theo thoi gian siy ¢ 50°C
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Hinh 2. M hinh Lewis, Page, Henderson & Pabis md phong ty 1¢ dd 4m theo thoi gian siy & 60°C
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mé phong ty 1& d9 Am theo thoi gian sdy & 70°C
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Hinh 4. M6 hinh Lewis, Page, Henderson & Pabis phong dozn ty 1¢ 9 Am theo thoi gian siy ¢ 80°C

Bang 2. Uéc tinh cic tham s6 mé hinh dwoc

ap dung dé biéu dién dir liéu thwe nghiém

Mo hinh N}E(IFC'[)GQ Tham sb tir md hinh R? 1 RMSE
a k n

50 - 0,2484 - 0,7827 0,02323 0,15444

Lewis 60 - 0,302 - 0,8846 0,02472 0,15504
70 - 0,4476 - 0,7872 0,02263 0,08873

80 - 0,4743 - 0,8286 0,03181 0,18270

50 - 0,6973 1,2291 0,9994 0,00045 0,00638

Page 60 - 0,5898 1,5312 0,9988 0,00086 0,00976
70 - 0,4283 2,3243 0,9990 0,00045 0,00844

80 - 0,6775 1,9427 0,9976 0,00088 0,01255

50 1,1503 0,2966 - 0,8256 0,00318 0,01696

Henderson & 60 0,9419 0,6923 - 0,9859 0,01971 0,14040
Pabis 70 1,1658 0,5236 - 0,8178 0,02782 0,16680
80 0,9168 1,0116 - 0,9877 0,00459 0,02766

Qua phan tich va so sanh 3 mé hinh dong hoc, c6
thé khang dinh, mo hinh Page 1a mo hinh phu hop va
chinh x4c nhat d¢ mo ta qua trinh sdy bot X0p tao
Spirulina. Su vugt trdi nay duoc chirng minh bang hé
s6 x4c dinh R? ludn tién sat dén 1 (0,9976 - 0,9994) va
céc chi sb sai s6 (x°, RMSE) ludn & mirc thap nhat tai
moi diéu kién nhiét do. V& mit ban chét, sy phu hop
ctia md hinh Page cho thdy qua trinh thoat 4m tir cdu
tric bot x6p phirc tap cua tio khong tudn theo quy luat
giam ham mil don gian va tham sé n trong mé hinh da
nim bt thanh cong sy thay doi trong téc do siy nay.
Viéc xac dinh dugc mo hinh chinh xac khong chi
mang y nghia hoc thudt ma con c6 gia tri thuc tién to
lon, cho phép t6i wu hoa thoi gian, tiét kiém niang
lugng va klem soat chat luong san pham. Hon nita,
khi xem xét yéu to nhiét d9, du sdy & 80°C cho thoi
gian nhanh nhat, nhung luén ton tai rii ro suy giam
chat lugng san pham do nhiét. Hon thé, trong béo cao
nghién clru trude day, mirc nhiét sdy & 70°C con cho
thay ham lugng phycocyamn duong nhu van duy tri
gan bang véi mic sdy & 50°C, dat 91,53 + 3,52 mg/g.

54

Trong khi, mirc sdy 80°C thi giam manh con khoang
60,32 £ 0,07 mg/g [11]. Vi vy, mirc nhiét 70°C, voi
thoi gian say da dugc rat ngan dang ké va d6 phu hop
mo hinh rat cao, dugce xem 1a sy cén bang tdi uu gilra
hiéu suat sy va viéc bao toan chat lwong san pham
trong diéu kién nghién ctru.

Kha ning phong doan do am cua bot tio & cac
thoi gian sdy tai 70°C cua md hinh Page va md hinh
Henderson & Pabis, duong cong phong doan ctia Page
gan dat muc chinh xac so véi dudng cong cua dir liéu
thuc nghiém. Tinh chinh xac phdng doan ciia mo6 hinh
Page ciing dugc ching minh qua cic nghién clru sdy
nong san [14].

Két qua phén tich cho thdy, mé hinh Page c6 sai
s6 nho nhét trén ca 3 tiéu chi (MAE, SSE va Max
Error), phan anh d6 khop cao gitra mo hinh va dit liéu
thuc nghiém, M6 hinh Henderson & Pabis tuy c6 sai
s6 nho hon Lewis nhung van kém chinh xac & cac giai
doan dau va cudi. M6 hinh Lewis don gian nhung cho
sai s6 16n nhat, khong pht hop dé moé ta chinh xac qua
trinh sdy phi tuyén nhu trong thyc té.
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Két qua nghién ciru cho thiy, mo hinh Page 1a mo
hinh phu hop nhét dé mo ta dong hoc sr?iy cua vat liéu
nghién ctu tai 70°C. M6 hinh nay thé hién do chinh
xdc cao trong viéc phong doan sy thay doi ty 18 do ém
theo thoi gian, dong thoi cho thay tinh linh hoat tot
khi 4p dung vao cac diéu kién sdy thuc tién. Viée lya
chon mé hinh Page khong chi dap ung yéu cau mé
hinh hoa chinh x4c qua trinh sy bot x6p ma con gop
phan 1am co s& cho viéc tdi wu hoa thong sb cong
nghé va kiém soat chat luong san pham trong tng
dung thyuc té.

3.2. Anh huéng ciia nhi¢t d siy dén hinh thai
bot sin pham

3.2.1. Panh gia qua SEM

Nhiét do sdy anh huong truc tiép dén thoi gian
sdy, khi thoi gian sy kéo dai luong nudc thoat ra tir
tham bot nhiéu gy tac dong truc tiép dén cau tric cua
bot thanh pham. Hinh 5 cho thdy, khi siy ¢ nhiét do
60°C 1am cho cdu tric ciia bot dic hon it xép hon do
luong nude thoat ra tir tham bot trong qua trinh sy
lam anh hu0’ng den do hoa tan cua san pham bot

Hinh 5. CAu triic bé mit phan tir bot & dd phong
dai 2.000 lan (SEM)

Khi sdy bot x6p & nhiét do 70°C va 80°C lam rat
ngin thoi gian sdy, luong nudc thoat ra tir tham bot 14
khong dang ké tir ¢ gitup cho san pham bot co cau
tric x6p cai thién dugc do hoa tan. Qua cac thi
nghiém kiém tra vé nhiét do séy, c6 thé chon nhiét do
70°C 1a nhiét do sdy cho qua trinh dé c6 duoc san
pham bot tao c6 chat lwong cao nhét.

Két qua phén tich SEM cung cip bing ching
tryc quan cho thay, nhiét do siy anh huong tryc tiép
dén cau tric vi mo va chat luong ciia bot tao. Qua
trinh sdy ¢ 70°C va 80°C dién ra di nhanh dé “khoa”
lai céu tric bot ban dau, tao ra san pham dang mang
luoi xop, thoang giup cai thién do hoa tan. Nguoc
lai, sdy & 60°C voi thoi gian kéo dai khién cdu trac bi
sup dd, tré nén dic va it x0p hon, 1am giam kha nang
hoa tan. Phat hién nay c6 su twong dong cao voi két
qua nghién ctu cua Chaiklahan va cs (2012) [15],
khi cling quan sat thay bot phycocyanin khong 6n
dinh va “dé bi nut gdy 6 60°C”. Do do, co thé khang
dinh, nhiét d6 siy 70°C 1a lya chon tdi wu, tao ra cdu
triic vi mo 1y tuong giup nang cao chit lugng bot tao
thanh pham.

3.2.2. Panh gia qua FT-IR

Phuong phap phan tich pho hong ngoai bién
d6i Fourier cho th?iy cac dic diém khac biét vé ciu

trac hoéa hoc. Phan tich phé FT-IR gitip nhan dién
cac nhoém chirc chinh va sy thay ddi cdu trac cua
bot tao sdy bot xOp sau qua trinh sdy & cac muc
nhiét khac nhau.

W

W

3.686 3.321 2955 2.590 2.225 1.860 1.494 1.129 764 399
$6 song (cm™)

Pudng truyén qua (%)

50°C —60°C ——70°C —80°C
Hinh 6. Pho hong ngoai (FT-IR) ciia bt tio siy
bot xép

Dua vao pho hdng ngoai ¢ hinh 6 c6 thé thdy, cac
mau bot tao siy bot xop ¢ cac muc nhiét d6 50°C,
60°C, 70°C, 80°C déu xuat hién nhimg dai hap thu
dic trung tuong tw nhau, ching to thanh phan cau tric
héa hoc co ban cua tio khong bi thay doi dang ké
trong qua trinh siy. Tuy nhién, cudng do va do sic
nét cia cac dinh co su khac biét theo nhiét do. O
nhiét d6 cao hon (dic biét 1a 80°C), cac dinh pho co
xu hudéng giam cudong d6 hodc thay doi hinh dang,
phan 4nh sy suy giam vé lién két hydro, protein hoic
polysaccharide do tac dong cua nhiét. Nguoc lai, &
mure nhiét thip (50°C va 60°C), cac tin hiéu phd rd
rang hon, cho th?iy cAu trac hoa hoc it bi bién doi.
Pho FT-IR cho thay, khong ¢ sy xuét hién dai chirc
nang hoan toan maéi manh (vi du dai carbonyl maéi
16n ~1.740 cm™ '), nhung c6 thay doi ro rang & cac
dai lien quan dén O-H/N-H (3.320 cm '),
amide/CH (=1.494 cm™ ') va C-O (1.129 cm™ ') khi
tang nhiét do. Nhiing bién doi nay nhat quan véi mat
nudc lién két, suy giam lién két hydro va bién tinh
mot phan protein; polysaccharide ciing chiu tac dong
nhe nhung khung cau trac chinh van con twong dbi
bao ton. V& mat ung dung, siy & 80°C cd nguy co
lam giam hoat tinh sinh hoc (dac bi€t cho cac protein
nhay nhiét nhu phycobiliprotein), trong khi say ¢ 50
- 60°C duy tri céu trac t6t hon. Piéu nay chung to,
qué trinh say ¢ nhiét d9 cao co thé 1am bién tinh mot
sb hop chit sinh hoc nhay nhiét trong tdo, trong khi
séy 0 nhiét do thr?ip gitp bao toan cAu triic hoa hoc tét
hon. So sanh vdi bang phan tich FTIR cia Spirulina
fusiformis [16], két qua c6 nhiéu diém twong dong,
dac biét ¢ sy hién dién cua —OH, C-H, C=0 va C-N;
tuy nhién bang nay hé¢ thong hoa phd theo dai rong
hon, bao gdm ca dao dong C=C, C=N (2.260 — 2.100
cm™ ') va C-Br (690 - 515 cm™ '), trong khi nghién
ciu nay nhan manh hon dén cac dinh dic trung cua
protein va phospholipid. Nhu vay, nhin chung két
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qua phd FT-IR cia tio Spirulina déu cho thiy sy
hién dién cua nhom chirc hydroxyl, carbonyl, amide,
phosphat va alkyl, day la nhiing nhom déng vai tro
quan trong trong cau trac sinh hoc ciing nhu tiém
nang hoat tinh sinh hoc cua tao.

3.2.3. Cdu triic XRD

Phé nhiéu xa tia X cung cip thong tin vé tinh cht
két tinh ctiia bot tao Spirulina & cac muc nhiét séy bot
x6p khac nhau. Dwa vao phan tich hinh dang va cudng
do cua céac dinh nhidu xa, c6 thé danh gia mirc do Kkét
tinh hogic vo dinh hinh ctia cac mau.

50°C

60°C 70°C ——80°C

Cuomg 9

Hinh 7. Phé nhiéu xa tia X (XRD) ciia bjt tio ¢ cac
mirc nhiét siy bot xop 50, 60, 70, 80°C

Két qua pho nhiéu xa tia X (XRD) cho thdy su
khac biét 15 rét vé ‘muc d¢ trat ty cau tric cua bot tao
tai cac didu kién sdy bot x6p khac nhau. G 50°C, phd
xudt hién v6i cuong do dinh thap, biéu hién dic trung
clia trang thai vo dinh hinh, nguyén nhéan co thé do
lugng 4m con cao, can trd qua trinh hinh thanh lién
két hydro va han ché sy sap xép trat ty trong khung
polysaccharide. Khi ting 1én 60°C, cuong d6 dinh ¢
ving 20 = 20 - 25° gia ting, cho thy céu tric bat dau
dat mirc d6 ban két tinh cao hon nho qué trinh loai am
hi€u qua, giap cac mach cellulose va hemicellulose
sap xép chit ché hon. O 70°C, xu hudng nay tiép tuc
thé hién o, phé XRD c6 cuong do cao hon so voi
60°C, chung minh sy 6n dinh céu trac tdt hon nhung
van duy tri dédc tinh v6 dinh hinh can thiét dé bao toan
hoat chét sinh hoc. Pic biét, & 80°C, cuong do dinh
dat murc cao nhét, cho théy su gia tang ro rét mac do
ban két tinh. Tuy nhién, su tang cuong trat tu cAu trac
nay c6 thé di kém véi nguy co suy giam thanh phan
sinh  hoc nhay nhiét (protein, sic td hoic
polysaccharide hoa tan), dan dén sy danh d6i gitta do
6n dinh hinh thi va gi4 tri dinh dudng.

Nhu vay, co thé nhan théy, nhiét do se”iy cang cao
thi cudng d6 nhiu xa cang 16n, phan 4nh sy gia ting
tinh ban két tinh ctua bot tao. Tuy nhién, muc 60 -
70°C duoc xem la t6i wu, vi vira dam béo céu tric
twong dbi bén ving vira han ché anh huong bat loi
dén hoat chét sinh hoc, trong khi & 80°C mic du cho
cuong d6 dinh manh nhit nhung tiém an rii ro mat
mat chét luong dinh dudng.

4. KET LUAN

Mb hinh Page 1a m6 hinh phu hop nhéat dé mo ta
dong hoc sr?iy bot xép tao Spirulina, thé hién do tuong
thich cao giita mé phdong va dit liéu thuc nghiém.
Trong cac dléu kién khao sat, nhiét d6 séy 70°C dugc
xéac dinh la t01 vu, dam bao can bang giita thoi gian
say, hiéu suat ning luong va chat luong san pham. O
diéu kién nay, san pham thu dugc cé ciu tric vi mo
x6p, kha ning hoa tan cao, giit dugc tinh chat hoa hoc
co ban. Nghién ciru ndy cung cap co s khoa hoc cho
viéc img dung sdy bot x6p trong bao quan va san Xudt
bot tao Spirulina, dong thoi tao tién dé cho cac nghién
clru mé rong vé toi uu hoa ning luong sdy va bao toan
hoat tinh sinh hoc & quy mo6 cong nghiép.
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INVESTIGATION OF POWDER STRUCTURAL CHARACTERISTICS AND KINETIC MODELING
OF Spirulina FOAM DRYING

Phan The Duy', Nguyen Thi Kim Chi', Tran Phu Quy', Le Nguyen Doan Duy'

"Faculty of Food Science and Technology,
Ho Chi Minh University of Industry and Trade

Abstract

This study aimed to develop and evaluate kinetic models describing the foam-drying process of
Spirulina at different temperatures (50, 60, 70, 80°C). The Spirulina suspension was foamed by adding
0.75% CMC, whipping for 3 minutes, forming a foam layer of 4 mm thickness, and drying for 3.5 - 5
hours depending on temperature, the above results have been validated using an optimization model.
Three mathematical models Lewis, Page and Henderson & Pabis were applied to simulate the moisture
reduction process. Statistical indicators (R?, y?, RMSE) were used to assess the goodness of fit between
experimental and predicted data. The results indicated that the Page model provided the best description
of the drying kinetics of Spirulina foam, with R? values ranging from 0.9976 to 0.9994, while RMSE
and y? values remained very low. This suggests that moisture removal in the complex porous foam
structure does not follow a simple exponential trend but is better represented by the nonlinear form of
the Page model. SEM, FT-IR, and XRD analyses revealed that drying temperature significantly affected
the structural and physicochemical properties of the powder. At 70°C, the powder exhibited a stable
porous structure, good solubility, minimal protein denaturation, and retention of its fundamental
chemical characteristics. The results indicate that, under appropriate drying conditions, the algal powder
exhibited a porous and less compact structure with minimal shrinkage, thereby enhancing its
rehydration capacity compared to samples dried at higher temperatures or for prolonged durations.

Keywords: Kinetic model, Spirulina, foam drying.
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