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TOM TAT

Nghién ctru nay tién hanh khao sat cac yéu t6 anh huong dén qua trinh tao bot betacyanin (trich
ly tir cii dén - chét tao mau cho thuc pham, ¢ kha ning khang oxy hoa) va thir nghiém tmg dung vao
banh bong lan. Qua trinh tao bt betacyanin dugc thuc hién bang k¥ thuat sdy phun véi cac yéu t6 khao
sat: cac loai chit mang maltodextrin (MD), gum arabic (GA), MD+GA v&i nong dé 15, 20, 25% wiv,
nhiét do séy phun 145,155,165,175°C, tdc do nhép li¢u 4, 5, 6, 7 mL/phut. Bot betacyanin dugc Gng
dung thir nghiém vao banh bong lan véi ty 1€ bot mi va bt betacyanin 95:05, 90:10, 85:15, 80:20 w/w.
Két qua nghién ciru cho thay MD & nong d6 20% w/v, nhiét d¢ sy phun 155°C, toc d6 nhap liu
5 mL/phiit cho hiéu suat thu hdi, ham luong betacyanin va kha ning khang oxy hoa dat gia tri cao nhét
1an lugt 1a 79,400%, 63,587 mg/g va 83,443%. Chup SEM bot betacyanin cho thay c6 kha ning tao hat
hinh ciu véi s6 lugng 16n va tuong dbi dong déu vé kich thudce. Chay phd FTIR ciia bt betacyanin co
sur xudt hién 4 dinh h'?ip thu ddc trung cua betacyanin d6 1a: 3362,53; 1634,03; 1384,38; 1024,32 cm™!
tuong ng v&i cac nhoém chie -OH, C=0, C=C va vong thom. Banh bong lan c6 bd sung betacyanin
dugc danh gia cam quan bang phuong phap so hang thi hiéu ty 18 bd sung 90:10 w/w la t6t nhat. Nghién
clru tao bot betacyanin thanh cong va c6 thé tmg dung vao cac san pham khac.

Tir khéa: Betacyanin, banh bong lan, maltodextrin, gum arabic, siy phun.

1. MO PAU

Cu dén (Beta vulgaris) 14 ré cia mot loai rau dén phinh to ra tao thanh cu, & Viét Nam tr(“)ng chu
yéu & Pa Lat. Bén canh lgi ich vé mat dinh dudng, trong cu dén con chtra thanh phan betalain 1a mot
chat mau ty nhién co6 mau tir d6 dén tim. Ching bao goém 2 nhom chinh la betacyanin (mau do tim) va
betaxanthin (mau vang cam) chung két hop vai cac gdc tu do gitip ngan chan qua trinh oxy hoa va gbc
tu do ctia cac phan tir sinh hoc [1, 2]. Betalain c6 kha ning khang khuédn, khang vi rat va c6 kha ning
khang oxy héa cao. Betalain c6 kha ning hoa tan trong nude tdt, duoc lién minh chau Au ching nhén
1a phu gia thyc phim tao mau t6t va dugce dan nhin E162 [3, 4]. Tuy nhién, trong qu4 trinh ché bién va
bao quan, chét mau betacyanin s& dan bi phan hay. Su on dinh cua hop chat mau betacyanin bi anh
huong rat 16n boi nhiét, oxy, anh sang, pH va d6 &m [5]. Do vy, viéc vi bao tao san phim dang bot han
ché su tac dong cia cc yéu td moi trudng va gitip bao quan tot hon [6].

Sy phun 12 mot trong céc k§y thuat duoc sir dung phd bién c6 thé sir dung v6i quy mé cong nghiép
tao san pham dang bot. Khi bd sung chit mang vao trong qué trinh sdy n6 dugc coi 1a vat liéu bao vé
cho chét can séy. Gum arabic, dextrose, dudng, tinh bot, gelatin, methyl cellulose va hén hop cta ching
da dugc sir dung 1am chit mang va chét phu dé sy phun huong liéu va mau sic. Mot s6 nghién ciru lién
quan ciing str dung k¥ thuét sy phun va chit mang maltodextrin (MD) cho hiéu qué cao khi siy phun
bot qua thanh long [7], sdy phun nudc ép tir quéa acai (Euterpe oleracea Mart.) [8] va chi phi cling ré
hon cac vat liéu khac. Janiszewska thira nhan ré“mg ngoai str dung chét mang MD con str dung Két hop
gum Arabic [9].

D3 c6 mot sb nghién ctru vé sdy phun betacyanin nhu tir hat méng toi [10], ci dén [11] va thanh
long rudt do [12] cling cho cac két qua kha thi voi chat trg sy MD. Bén canh do, cting ¢6 nghién ctru
khao sat anh hudng nhiét do say phun ¢ 120, 140 va 160 °C [13]. Tuy nhién, budc nhay khoang nhiét
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d6 nay qua rong, chua khao sat cac vat liéu lam chat mang va ty 1é chat mang. Cac nghién ctru trén da
phan m&i chi tao ra dang bot mau chua c6 nghién ciru tmg dung cu thé vao san phdm nao. Do d6, nghién
ctru ndy da dugc thuc hién véi muc dich kéo dai thoi gian bao quan, gitr dugc hoat tinh t6t va tao ra san
pham m&i Gmg dung lam chat mau bo sung vao thyc pham hodc nudc giai khat dinh dudng.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Cu dér} dugc mua tai siéu thi Aecon Tan Phu, TP.HCM (nguén géc Pa Thién, Pa Lat, Lam Déng,
dat tiéu chuan VietGAP), khoang 4-5 cu/kg.

Ethanol (99,5%, Trung Quéc), Methanol (99,85%, Trung Quéc), DPPH (SigmaAldrich Pty. Ltd),
Maltodextrin DE20 bdt min, d6 am 6-7%, Himedia (An D), gum Arabic (An Do).
2.2. Phwong phap chuén bi nguyén liéu

Cu dén sau khi dugc mua vé rira sach, got vo, tién hanh cat lat mong, phoi truc tiép dudi nér}g
khoang 6 gio. Sau do say (tu say Memmert — Durc ) ¢ nhiét d6 60- 65 °C trong khoang 8-10 gio cho dén
khi 6 4&m < 10% thi ket thuc qua trinh say, dem di xay, rdy qua kich thu6ce 16 0,3 mm. Phén bot min
qua ray dugc bo vao céc ti hat chan khéng, bao quan lanh (0-4 °C) d¢ giam thi¢u oxy hoa, dung cho
toan b céc thi nghiém.
2.3. Phwong phap trich ly

Trich ly betacyanin duoc thuc hién theo [13] v6i 1 vai cai tién nho. Can 5g bot ci dén cho vao
binh tam giac 250 mL, ngdm chiét trong 100 mL ethanol 20%. Sau d6, cho vao lic 80 vong/phut trong
50 phut bang may lic 6n nhiét (LWB-211D- Han Qudc) voi nhiét d6 40 °C, duy tri ty 18 1/20 giita
nguyén liéu/dung méi. Mau dugc dua vé nhiét do phong va loc bang bom chan khéng (Rocker 300- Pai
Loan) dé thu dich (ham luong chat kho 3+0,02 °Bx), sau d6 ¢6 quay (BUCHI I 300 Pro -Thuy S§) &
60 °C toc do quay 50 vong/phit, c¢d quay cho dén khi dich chiét sét lai (ham luong chéat kho khoang
58,15+0,06%). Mau dugc bao quan trong tii lanh dé tién hanh cac thi nghiém.

2.4. Phwong phap xac dinh hiéu suit thu hdi [14]

Phuong phap xac dinh hi¢u suélt thu héi san pham: Hiéu suét thu hoi dugc xac dinh theo phuong
phép phan tram khoi lwong. Tinh phan tram tong lugng chat kho trong san pham so vadi tong luong chat
kho trong dich nhap li¢u.

Cong thirc tinh hiéu sut thu hoi:

H% = =2 x 100
Mmnj

Trong d6; H: Hiéu suat thu hdi san pham (%), Mgy: Tong lugng chat kho trong san pham (g), m,y;:
Téng lwong chat kho trong dich nhap lidu (g).
2.5. Phuong phap xac dinh d9 Am

Xac dinh d6 am bang phuong phap say dén khdi lugng khong d6i theo TCVN 9741:2013.
2.6. Phuong phap xac dinh ham lugng betacyanin [15]

Can chinh x4c khoang 1-2g bot sdy phun, thém 25 mL nudc cat, dé ¢ nhiét d6 phong. Loc lay dich
chiét, cho dich chiét vao binh dinh murc thé tich 50 mL, thém nudc cat dén vach. Tién hanh do d¢ hap

thu ciia mau tai bude séng 538 nm (UV-Vis Jenway 7305), cuvet 1em, sir dung nuée cit lam mau tring.
Ham lugng betacyanin tinh theo cong thtrc sau:

AXMWXDFx1000
exl

BC (mg/L) =
Trong do6:

BC (betacyanin content): Ham lugng betacyanin trong dich trich ly (mg/L)
DF: hé s6 pha loang; MW: khéi lwong phan tir ciia betacyanin = 550 g/mol
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I: bé day cuvet (1 cm); ¢ : 1a hé s6 hap thy betacyanin trong nudc (e= 60,000 L/mol.cm)
1000: 14 hé s6 chuyén ddi tir gam sang miligam.
A: D¢ hép thy ciia mau khao sat

2.7. Phwong phap danh gia hoat tinh chdng oxy héa [16]

Can 0,008g DPPH (2,2-Diphenyl-1-picrylhydrazine) cho vao cbc 250 mL, bd sung 200 mL
methanol thu dugc DPPH 40 pg/mL (bao quan tranh dnh sang, & 4 °C). Lay 2 mL méu cho vao ong
nghiém va bo sung 2 mL dung dich DPPH 40 ug/mL Hut 2 mL methanol cho vao 6ng nghiém sau d6
bd sung thém 2 mL dung dich DPPH 40 pg/mL (mau dm chiing). Cac mu u trong 30 phut, sau d6 do
d6 hap thu quang & budc song 517 nm. Phéan tram bét gbc tw do duge xac dinh theo cong thirc:

1(%) = 100><(A° 4)

Trong d6 I (%): ty 1¢ khur gbe tu do cua mau duge & A=517 nm, A,: D6 hip thu cia DPPH, A;:
Do hap thu cua mau khéo sat, mau trang 1a dung dich methanol

2.8. Phuong phap danh gia cim quan

banh gia cam quan bang phuong phap so hang theo tiéu chuan ISO 8587 (2006) dé xac dinh sy
khac biét vé thir hang ua thich cac san pham Dau tién, nguoi thir dugc cung cép dong thoi 4 mau banh
bong lan véi ty 18 lan luot bd sung bot sdy phun (5, 10, 15, 20%). Cac mau dugc ma hoa bang s6 ngau
nhién c6 3 chir sd. Sau o, ngudi the duge yéu cau thu ném mau theo thtr ty cho sin tir trai sang phai
va sip xép vi tri cac miu theo muc do wa thich. Mirc d6 ua thich c6 thé duoc quy udce theo chibu ting
dan hodc giam dan. Str dung phuong phép kiém dinh Friedman cho phép thir so hang thi hiéu:

= 24+ 4R% -3j.(pt+
F ]p(p+1) (R + ... R;) — 3, .(p+1)

Trong d6: j: s6 ngudi thir, p: s6 san phim, Ri: tong hang mau th (i=0,1,2, ..., p).

2.9. Khio sat vat liéu 1am chit mang

~ Can 5g dich betacyanin da c6 quay chén khong hoa tan v6i 50 mL nude cét, bo sung lan luot cac
chat mang MD, GA, MD + GA (ty 1€ 1:1) d¢ dat nong do 20% w/v. Sau d6 dong hoa (IKA RW 20
digital, burc), toc do 6000 vong/phit trong 2 phut. Tién hanh say phun (SD-06, LabPlant UK Ltd., North
Yorkshire, UK) ¢ nhi¢t do 155°C, toc d6 nhép liéu 5 mL/phat. Thu h6i bot sau do ti€n hanh do hiéu suat
thu hoi, d am, ham luong betacyanin va kha nang khang oxy hoa.
2.10. Khio sit nong dd chit mang

Cén 5 g dich ¢6 quay hoa tan v6i 50 mL nude cét, bé sung chat mang t&i wu tir thi nghiém trén
v&i nong do 1an lugt 15, 20, 25 %w/v. Thu hoi bot sau d6 tien hanh twong ty nhu trén.
2.11. Khio sat nhiét d¢ siy

Can 5 g dich c6 quay hoa tan vgi 50 mL nudce cét, bd sung chat mang, ndng do ghét mang t6i uu
tir 2 thi nghiém trén. Sau d6 dem di dong héa ¢ toc do 6000 vong/phut trong 2 phit. Tién hanh say phun
o nhiét do 145, 155, 165, 175 °C, toc d6 nhdp liéu 5 mL/phat. Thu hoi bt sau d6 tién hanh tuong ty
nhu trén.
2.12. Khio sat toc dd nhap liéu

Cén 5 g dich ¢6 quay hoa tan v6i 50 mL nuge cét, bd sung chat mang, nong d6 chit mang, nhiét

d9 t61 uu tir cac thi nghiém trén. Sau d6 dem di dong hoa ¢ téc d6 6000 vong/phit trong 2 phut. Tién
hanh say phun ¢ toc 46 nhép liéu 4,5,6,7 mL/phuat. Thu hoi bot sau d6 tién hanh tuong tu nhu trén.

2.13. Ung dung ciia bt betacyanin vao sian xuat banh bong lan

Bot betacyanin sau khi say phun duoc dung dé 1am banh bang cach thay thé bot mi bang cac ty 16
bot sau séy phun khéc nhau: 95:05 (S1), 90:10 (S2), 85:15 (S3), 80:20 (S4). Sau d6 dugc tron ki véi cac
thanh phan khéc (dudng, bot nd, trung, stra khong duong, bo lac). Thoi gian phéi tron khoang 15 phut.
Sau d6 tién hanh rét vao khuén va nuéng & 160 °C trong 20 phat. Banh sau khi nuéng dé ngudi tién
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hanh phan tich ham lugng betacyanin c6 trong banh va danh gia cam quan. Quy trinh lam banh bong
lan duge thuc hién nhu sau: Nguyén liéu —> Chuan bi 2 Nhao tron = Rot khuén - Nudng > Lam
ngudi = San pham - Bao goi.
2.14. Panh gia d 6n dinh cia cao chiét, chay phé hong ngoai FTIR

Chay pho FTIR nhiam danh gia sy hién dién ctia betacyanin bot siy phun.

Nham dinh tinh sy hién dién cia betacyanin trong bot siy phun, thuc hién chay M4y quang pho
Thermo Nicolet 6700 FTIR, hoat dong & ving IR giita (400—4000 cm™ ), voi ché d phan xa toan phan

suy giam (ATR). Phan thyc nghiém nay do Vién Cong ngh¢ Hoa hoc (1A duong TL29, phuong Thanh
Loc, Q.12,TP.HCM) thuc hién chay pho FTIR.

2.15. Xic dinh kha ning tao hat va dic diém hinh thai hat bang ky thuit chup SEM

Hinh thai cua hat bot siy phun dugc dénh gia bang phuwong phép kinh hién vi dién tir quét (SEM).
Bot duoc gin vao keo carbon 2 mat, dugc phii Platium 3—5 mA trong chan khong va dugc kiém tra bang
kinh hién vi dién ttr quét SEM (JSM — 7401F, Jeol, Tokyo, Nhat Ban) dugc vén hanh véi 10 kV & 46
phong dai 1000x va 5000%. Phan thyc nghiém nay do Trung tim Phén tich Qudc té, Trudong Pai hoc
Cong Thuong TP.HCM (93 Tan Quy, Tan Quy, phudng Tan Son Nhi, Q. Tan Phu, TP.HCM) thuc hién
chup anh SEM.
2.16. Phwong phap xir Iy s6 liéu

Tét ca cac thi nghiém bd tri lap lai 3 lan. Sé lidu thu nhan duoc phan tich béng ANOVA trén
Statgraphics Centurion XVIII v4i mirc y nghia p < 0,05.
3. KET QUA VA THAO LUAN

3.1. Khio sat vt li¢u 1am chit mang

Thi nghiém tién hanh khao sat anh huong cua cac loai chat mang MD, GA, MD+GA (ty 1& 1:1)
véinong do 20% w/v. Két qua khao sat dugc trinh bay ¢ Bang 1

Bdng 1. Anh huéng cia vat liéu chit mang dén hiéu sudt thu hdi va chat luong bot

Chi tiéu theo

déi Hiéu suét thu hdi Do m (%) Ham luong Kha ning khang
(%) ; ’ betacyanin (mg/g) oxy hoéa (%)
Loai vat liéu
MD 79,910 £+ 0,890* | 5,060 + 0,046° 60,293 + 0,281? 82,212 + 1,117*
GA 47,700 £+ 0,436° | 5,410 £ 0,101 44,867 + 0,403¢ 66,703 + 3,163°
MD+GA 70,710 + 1,400° 5,280 %+ 0,066* 48,740 4 0,898 69,037 £+ 0,262°

(cdc chit cdi khdc nhau tir a-c trong cing 1 gt biéu thi sw khac biét c6 ¥ nghia théng ké & mirc p<0,05)

Tir két qua thuc nghiém cho thiy ring & ciing nhiét do dau vao nguyén liéu chat mang khac nhau
s& anh hudng rd rét dén hiéu sudt thu hoi cling nhu chét lvong bot betacyanin thanh pham (cac két qua
nay c6 sy khac biét vé mat thong ké). Hiéu sudt thu hdi cao nhét (79, 91+ 0,890%) khi sir dung chét
mang la MD va thip nhat (47,7+ 0,436%) khi st dung chit mang GA. D6 4m cac mau say phun dat yéu
cau theo TCVN 9739:2013. Ham luong betacyanin va hoat tinh khang oxy hoa cao nhit v6i mau st
dung chit mang MD: 60,293+ 0,281 mg/g ; 82,212+1,117% va thap nhét 1a mau sir dung GA. Két qua
nay chimg to MD c6 kha ning bao goi tét. Khi sir dung GA, két qua thap nhat trong 3 loai chat mang.
Diéu nay co thé do su dung GA, d6 nhét cao dan dén viéc tao ra cac giot tho vai do két tu cao nén han
ché kha ning tao hat va bao goi. Pong thoi, trong ciu triic hda hoc clia GA ¢ nhiéu phan nhanh véi
céc nhom ua nude va do do, co thé dé dang hap thu d6 4m tir khong khi xung quanh. Két qud nay tuong
ddng véi [9], cac tac gia khuyén nghi sac t6 cu den thu dugce véi MD 1am chat mau thuc phim tu nhién
cho thuc pham Do 4m cua bot siy phun dat yéu cau theo TCVN 9739:2013. Kha nang khang oxy hoa
ctia bot sdy phun bang MD 1a 82,212 +1,117%, két qua nay gan tuong dong v6i nghién cuu quy trinh
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tao bot mau betacyanin tir vo qua thanh long (Hylocereus undatus), kha nang khang oxy hoa cua bot

sdy phun 1a 88,12% [12].

3.2. Khio sat ndong d chit mang

Nghién ctru tién hanh khao chat mang MD (t6i wu tir thi nghiém trén) véi cac nong d¢ khac nhau

(15, 20, 25% w/v). Két qua thu dugc & Bang 2.

Badng 2. Anh hudng cuia n6ng do chét mang dén hiéu suét thu hdi va chét luong bot

Chi tiéu theo
doi|  Higu suat thu : Ham luong Kha nang khang
N N v A A 0, g

Nong do hdi (%) B am (%) betacyanin (mg/g) oxy héa (%)
chat mang
MD (%w/v)

15 77,600 + 0,353° 5,203 £ 0,351* 58,870 + 0,288 82,797 £+ 0,306*

20 78,000 + 0,500P 5,107 £ 0,021° 53,713 £ 0,671° 80,793 + 0,105°

25 79,040 + 0,3532 5,057 + 0,050° 41,016 £ 0,508° 77,647 + 0,752°¢

(cdc chiF cdi khdc nhau tir a-c trong cimg 1 cét biéu thi sw khdc biét ¢6 y nghia thong ké ¢ mirc p<0,05)

Khi nong d6 MD thap (15%w/v) tao it hat, ddng thoi bam bt siy phun bam nhiéu vao thanh thiét
bi, lam giam kha nang thu hoi bot va hiéu suat thu hoi thap (77,6+0,353%), nhung ham lugng betacyanin
(58,870 + 0,288 mg/g) cao hon cac miu con lai. Khi ting ndng d6 MD thi qua trinh sdy phun duoc thuc
hién d& dang hon, hiéu suét thu hoi ting dan nhung khong dang ké, hiéu suit cao nhat dat dugc l1a
79,04+0,353% khi b6 sung MD (25% w/v), nhung nguoc lai ham luong betacyanin giam xudng con
(41,016 + 0,508 mg/g). Nguyén nhén do b6 sung chét mang nhiéu trén cung mét lugng betacyanin trude
khi sdy nén sau khi siy ham luong s& giam va hiéu sut thu hdi tang. Két qua nay kha tuong ddng vai
nghién ciru khi ting ham lwong MD b sung vao dich chiét tir hat ciy tha du (Rhus typhina) thi ham
lwong chit mau anthocyanin trong san pham sdy giam di nhung nguoc lai, qua trinh sdy phun dién ra
thudn loi hon va mau sic bot sdy ciing trd nén tuoi va sang [17].

Tang ndng do chat mang MD tir 15-25% w/v thi bot betacyanin tao thanh c6 do am giam tir
5,203+0,351% xubng con 5,057+0,05% (dat yéu cau theo TCVN 9739:2013). Nguyén nhan lam cho do
4m cua bot giam 1a do tong lwong chét rén trong dich chiét truée khi sdy ting, lam giam ham luong nuée
ctia giot dich khi vao thiét bi sdy phun. Két qua nay tuong ddng véi nghién ctru khi ting ndng d6 MD thi
d6 4m cua bot dua hau (Citrullus lanatus) giam [18].

Kha ning khang oxy hoa cua bot sdy phun ciing giam dan (82,797 + 0,306% xudng 77,647 +
0,752%) khi tang ndng do MD (15% 1én 25 %w/v) nguyén nhan do ham luong betacyanin giam. Két
qua cho thiy MD 20% (w/v) la nong do phu hop dé thu hdi bot hiéu qua, dam bao chat lugng
(betacyanin, d6 am) va hiéu qua kinh té trong siy phun.

3.3. Khio sat anh hwéng cia nhiét do siy phun

 MD dugc bo sung & mirc 20% (w/v) khi khao sat anh huong cua nhiét do sy dén higu suat thu
hoéi va dic tinh cta bdt betacyanin dugc trinh bay tai Bang 3.

Bdng 3. Anh huéng ctia nhiét do siy phun dén hiéu suét thu hdi va chit luong bot

Chi tiéu theo

doi Hiéu suét thu hoi Ham lugng Kha nang khang

Do 4m (%)

Nhiét d¢ sdy (°C)

(o)

betacyanin (mg/g)

oxy hoa (%)

145 65,400 +0,346" | 6,383 % 0,220° 59,677 + 0,641° 81,887 + 0,179®
155 79,433 +1,789% | 5,097 + 0,042 60,747 + 0,378 83,106 + 0,633
165 72,967 + 0,462° | 5,033 + 0,021 57,643 + 0,323 76,51 + 1,194
175 60,033 +0,808° | 5,023 + 0,025 56,880 + 0,750 70,263 + 0,686°

(cdc chiF cdi khdc nhau tir a-c trong cing 1 cét biéu thi sw khdc biét c6 y nghia thong ké ¢ mirc p<0,05)
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Khi nhiét d6 quéa thap hay quéa cao déu bt lgi cho san phdm trong qua trinh sy phun. Khi ting
nhiét d¢ khong khi dau vao tir 145-175 °C thi hiéu suét thu hdi, ham lwong betacyanin, kha nang khang
oxy hoa san pham ting va dat cao nhat 79,433 + 1,789%, 60,747 + 0,378 mg/g, 83,106 + 0,633% khi
se‘iy 155 °C, sau d6 giam con 60,033 + 0,808%, 56,880 + 0,750 mg/g, 70,263 £+ 0,686% khi séy 175
°C. Tuy nhién, v6i nhiét do sdy 145 °C d6 am >6% (khong dat yéu cau theo TCVN 9739:2013), khi
tang nhiét do sdy 155-175°C d6 am <6% (dat yéu cau theo TCVN 9739:2013).

Diéu nay duoc giai thich 1a do nhiét do khong khi dau vao tang lam tang toc do truyén nhiét, cac
phan tir nude bde hoi mot cach dé dang va triét dé hon dan dén giam d6 4m san pham sau khi say.
Khong khi dau vao thap thi 6 am cac hat vét lidu say van con kha cao, nén bam nhiéu Ién thanh budng
sdy lam giam hiéu suat thu hoi san pham, d6 4m bot sau sdy cao. Do d6, khi ting nhiét do khong khi
dAu vao, nhiét d6 cao lam luwong nudce bdc hoi nhanh, cc giot dich khi dugc phun ra tu dau phun s€
nhanh chéng dugc lam khé thanh hat bot, lam giam kha ning bam dinh cuia san pham 1én thanh thiét bi,
diéu nay mang lai hiéu suét thu hoi cao hon, dd 4m giam. Khi tang nhiét do siy 165-175°C, am ciia bot
giam dang ké (5, 03%) va hd trg qué trinh hinh thanh bot nhung ham lugng betacyanin giam do tac dong
cta nhiét do, san pham chuyen sang mau nhat din. Nguyén nhan do nhiét do cao lam b1en tinh
betacyanin va anh hudng dén kha ning tao mang, 1am v& 16p mang, 161 vi bao s& tiép xtc truc tiép véi
nhit cling lam giam ham luong va kha nang oxy hoa. Ngugc lai khi nhiét d¢ qua thip thi tao mang kem
dan dén ham lugng va kha ning khang oxy hoa thip. Két qua nay phu hop nghién ctru khi say bot thanh
long tang nhiét do dau vao tir 145°C dén 175°C 1am tang tdc do truyen nhiét, ting toc do bbc hoi nude
lam giam d6 4m san pham sau khi sdy [7]. Mot nghién ctru khéc, khi sdy phun bot chanh day da két luan
rang ting nhiét 4o khong khi dau vao tir 135-185 °C lam tang hiéu suét thu hdi bot chanh day (Passiflora
incarnate) tir khoang 54% dén 64% dong thoi ham am giam tir mirc 5,5% con 4% [8]. Nhu vay, nhiét
d6 sdy phun 155 °C 1 phu hop dé tién hanh thi nghiém tiép theo.

3.4. Khao sat anh hwéng ciia toc dd dong nhip liéu

Bdng 4. Anh huéng ciia téc dd nhap lidu dén hidu suét thu hdi va chit luong bot

Chi ti€u theo | piay sudt thu hdi . Ham luong Kha nang khéng
doi Do am (%) .
Tée d6 nhap g (%) betacyanin (mg/g) oxy hoa (%)
(mL/phut)
4 65,833 +0,777° 5,177 +0,050° 62,133 +0,046° 82,157+ 0,150°
5 79,400 £ 1,014° 5,267 +0,035° 63,587 £ 0,046° 83,443 +£ 0,058
6 63,067 +£0,602° 6,207 £ 0,0772 60,640 £ 0,692° 82,127 + 0,063
7 58,067 +1,0074 6,300 + 0,0522 59,163 +£0,230° 81,606 + 0,063°

(cdc chit cdi khdc nhau tir a-c trong cing 1 ¢gt biéu thi sw khac biét c6 ¥ nghia théng ké & mirc p<0,05)

Két qua Bang 4 cho thiy, tbc dd dong nhap liéu anh huéng dén hiéu sudt thu hdi bot betacyanin
sau sdy phun. Khi ting tdc d6 dong tir 4-7 mL/phat thi hiéu suat thu hdi, ham lugng betacyanin, kha
ning khang oxy hoa tang dat cao nhét 79,400 = 1,014%, 63,587 + 0,046 mg/g, 83,443 + 0,058% khi toc
dd dong nhép liéu 5 mL/phut, sau d6 giam dan va thip nhat 58,067 + 1 ,007%, 59,163 + 0,230 mg/g,
81,606 =+ 0,063%, khi toc o dong nhap liéu 7 mL/phut. Nguyén nhan khi toc d6 dong 4 mL/phut, thoi
gian tiép xuc véi nhiét d6 qua lau lam v& 16p mang, 16i vi bao tiép xuc truc tiép voi nhiét do lam giam
ham luong betacyanin va giam nang lyc khang oxy hoa. Véi toc d6 dong (5 mL/phut) thi vira du dé tiép
xic tao thanh cac hat bot min, d6 am dat yéu cau va hiéu suét thu hoi cao. Nguoc lai khi toc do nhap
liéu 6 mL/phat va 7 mL/phut qué nhanh anh huéng dén kha ning tao mang, tao mang kém khong vi bao
dugc betacyanin nén ham luong va kha niang khang oxy héa thap. Két qua twong ddng vé6i nghién ciru
tao ché phim mau tu nhién betalain dang bot va dang sét thu nhan tir cu dén (Beta vulgaris) [19].

D6 4m tang tir 5,177 + 0,050% 1én 6,300 + 0,052%. Véi toc d6 d6 nhap liéu 4-5 mL/phut d6 am
<6% (dat yéu céu theo TCVN 9739:2013), khi ting toc do dong nhap liéu 6-7 mL/phut thi do am >6%
(khong dat yéu cau theo TCVN 9739:2013). Nguyén nhan khi toc do dong ¢ 4 mL/phut thi dong dich
di qua it va chdm nén thoi gian tiép xtic v6i nhiét do sdy lau hon do d6 doa am cua bot thap, nguoc lai
khi toc do dong tang thoi gian dong dich di qua nhanh nén kha ning tiép xtc véi nhiét ¢ nhanh lam
cho d6 4m cuia bot tuong ddi cao.
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3.5. Két qua chay phé FTIR ciia miu bjt betacyanin

Betacyanin thu6c nhom dan xuét’indole thom, dic trung boi mang céac lién két d6i lién hop (C=C)
va nhém carbonyl (C=0), dong thoi gan cac nhom hydroxyl (-OH) trén nhan thom.

Bdng 5. Két qua phan tich FTIR mau bt sdy phun va so sanh va bai bao ddi chimg

. , Rodriguez-Félix va cong su, Sehajveer Kaur va cng su, x
Nhom chire 2022 2021 Mau
-OH 3200 cm’! 3302 cm’! 3362,53 cm’!
Cc=0 1600 cm™! 1631 cm™ 1634,03 cm’!
Cc=C 1414 cm’! 1406 cm’! 1384,38 cm’!
© 1000 cm’! 1050 cm’! 1024,32 cm’!
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Hinh 1. Két qua FTIR ctia bot sdy phun
(Ket qua nay do Vién Cong nghé hoa hoc Q.12, TP.HCM thuc hién)

Phd FTIR c¢6 truc tung thé hién cudng do hap thu cia cac miii phd, truc hoanh 1a vi tri cac mii
hap thu duoc biéu dién dudi dang s6 soéng (cm™).

Sau khi phan tich phé FTIR cia bot siy phun cho thiy dwoc 4 dinh hip thy. Pinh 1 cho thiy bot
sdy phun c6 lién két -OH & peak 3362,53 cm™! va dinh 2 ndm & peak 1634,03 cm™! twong (g véi lién
két C=0, dinh 3 xuat hién & peak 1384,38 cm'! dai dién cho nhom C=C, dinh cudi xuét hién vong thom
¢6 kha ning hép thu & peak 1024,32 cm™ twong tmg vdi cdu tric cia betacyanin. Két qua niy twong
ddng v6i nghién ctru dic tinh hoa 1y va cdu trac betalain trich ly tir ct cai dudng [20] va nghién ctru cac
hop chét hoat tinh sinh hoc, hoat tinh chéng oxy hoa va kha ning giit mau cia bot ci cai duong (Beta
Vulgaris L [21]. Nhu vay trong bot sdy phun c6 betacyanin.

3.6. Két qua chup SEM miu bjt siy phun

Su dupg kinh hién vi dién tir quét SEM (Ji SM —7401F, Jeol, Tokyo, Nhat Ban). Hinh thai hat dugc
quan sat kiém tra & cac d phong dai khac nhau bang cach sit dung SEM hoat dong & di¢n ap 10 kV.

Két qua chup SEM bot siy phun betacyanin c6 bd sung vat liéu tro sdy MD20 c6 kha nang tao hat

v6i s6 lugng 16m, hinh dang ctia bot betacyanin thuong c6 hinh cAu, kich thudce twong dbi dong déu, bé
mit hat da phdn tron, cang, s it co cac mat 16m do sy co rit trong qua trinh sdy khi tiép xuc nhiét,  giip
han ché xu huéng két dinh céc hat bot vao nhau. Két qua thu duge phi hop véi cac nghién ctru vé quy
trinh tao bot mau betacyanin tir vo qua thanh long (Hylocereus undatus) [12] va tir hat mong toi (Basella
rubra) [10]. Ngoai ra, trong nghién ctru sdy phun betacyanin tich chiét tir rau dén (dmaranthus) véi
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chét trg séy la maltodextrin (MD), viéc sir dung MD c6 chi s6 DE cao hon cho the"iy bé mat bot dat do
hoan thién hon [11].

, Hinh 2. Két qua chup SEM cua bot say phun x1.000 va x5.000
(Két qua nay do Trung tdm Phdn tich Quoc te, Truong Dai hoc Cong Thuwong TP.HCM thuc hién)

3.7. Ung dung 1am banh

Khi b sung betacyanin vé6i cac luong khac nhau cho két qua khac nhau vé ham luong va danh
gia cam quan (Bang 6).

Bdng 6. Két qua ham lugng betacyanin va dénh gia cam quan banh bong lan

Ty 1 bd sung betacyanin (%) | Ham luong betacyanin (mg/g.10-") | Phan hang Frest Fira bang
A (5%) 49,623+0,2014 26°
B (10%) 58,977+0,201¢ 392
22,2 7,67
C (15%) 64,970+0,560° 230
D (20%) 77,000+0,5002 12¢

Két qua Bang 6 cho thdy ham lugng betacyanin tang dan khi bo sung lan luot 5, 10, 15, 20% bot
betacyanin vao banh bong lan. Khi ty 1¢ b6 sung 20% ham lugng betacyanin cao nhat vi bd sung cang
nhiéu bot betacyanin thi thu duoc ham luong cang cao. Tuy nhién, theo két qua danh gi4 cam quan bang
phuong phap so hang thi hiéu cho thay khac bi¢t c6 y nghia vé mirc d6 ua thich cua ngudi dung veé 4
mau thir. Mau B (b6 sung 10%) dat tong hang cao nhat va dugc ua thich hon ciac mau con lai. Bén canh
d6, mau bd sung 15-20% bot sdy phun thi banh cimg va kho, mau bd sung 5% thi mau hoi nhat.

!

Hinh 3. Banh bong lan c6 bd sung bot siy phun betacyanin véi cac ty 16 khac nhau

4. KET LUAN

Nghién ctru di chimg minh tinh kha thi ctia viéc tao bot betacyanin tir cu dén bang phuong phép
séy phun véi chét tro séy MD. Phé FTIR cta bot séy phun xac nhan sy hién dién cia betacyanin, trong
khi anh SEM cho théy hat bot ¢6 hinh dang va ciu trac 6n dinh. Pong thoi, bot sdy phun ciing thé hién
kha nang khang oxy hoa cao. Vi¢c ing dung bot betacyanin vao san xuét banh bong lan khong nhimg
mo ra trién vong phat trién cac san pham thyc phiam chirc ning ma con gop phan tao ra ngudn chit mau
ty nhién an toan cho nguoi ti€u dung.
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Loi cam on: Tran trong cam on sinh vién Dwong Thi Tam Nhu va Tran Thi Cam Duyén hd trg qua
trinh thuc hién nghién ctru. Pong thoi, xin gii 161 cam on Truong Pai hoc Cong Thuong TP.HCM da
ho tro trang thiét bi phuc vu thuc hién nghién ciru nay.
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ABSTRACT

STUDY OF CREATING BETACYANIN POWDER FROM Beta vulgaris BY SPRAY
DRYING METHOD AND APPLICATION IN CUSTARD PRODUCTS

Do Thi Hien*, Huynh Phan Phuong Trang
Ho Chi Minh City University of Industry and Trade
*Email: hiendt@huit.edu.vn

This study was conducted to investigate the factors affecting the process of betacyanin powder,
which was extracted from Beta vulgaris - a food coloring agent with antioxidant properties, and its
application in custard cakes. The process of betacyanin powder was carried out by using a spray drying
technique. This study aimed to investigate the effects of maltodextrin (MD), gum arabic (GA), the
combination of MD+GA at concentrations of 15, 20, and 25% (w/v) and the inlet air temperature of
spray drying (145, 155, 165, and 175 °C), the feeding flow rates (4, 5, 6, and 7 mL/min). Betacyanin
powder was applied to custard cakes with the ratios of wheat flour and betacyanin powder (95:05, 90:10,
85:15, and 80:20 w/w. The results showed that the highest values of recovery efficiency, the betacyanin
content and the antioxidant capacity 79.400%, 63.587 mg/g and 83.443% were successfully obtained at
MD concentration of 20% w/v, inlet air temperature of 155°C, and the feeding flow rate at SmL/min.
Under those conditions, the betacyanin powder was examined by scanning electron microscopy (SEM)
and it is confirmed that the microparticles were present in large quantities, had spherical shapes, and
were fairly uniform in size. Besides, when examined by FTIR spectroscopy of betacyanin powder
showed the appearance of 4 typical absorbing peaks of betacyanin as 3362.53, 1634.03, 1384.38, and
1024.32 cm™! corresponding to the functional groups as -OH, C=0, C=C and aromatic rings. The custard
cakes with betacyanin powder added were evaluated by the goods comparison method at the ratio of
90:10 w/w, which showed the best result. It could be concluded that betacyanin powder could be created
successfully and its application to some food products could be studied more.

Keywords: Betacyanin, custard cake, maltodextrin, gum arabic, spray drying.
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