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ABSTRACT

Purple sweet potato is known as an important crop containing a lot of
nutrients such as protein, glucose, starch, vitamins, mineral and bioactive
coumpounds (fibers and anthocyanin). The purple sweet potato roots are
still very cheap if the roots are out of sizes (too big or too small) and
broken. This research showed the processing technologies (aging and
drying) affecting on quality and storage time of milky sweet potato paper.
The aim of this study was to investigate effects of (i) aging process and (ii)
drying conditions (temperature and time) on quality of the product. During
aging time, moisture content and colour values (L*, a* and b*) decreased
but the hardness of the product increased. The Lewis-Newton model
could predict very well the moisture reduction in the product during
drying process at different temperatures and time. The milky purple
sweet potato paper had good quality sensory attributes (color, flavor, taste
and texture) and long term storage if it would be aged for 5 hours and
dried at 50°C for 90 minutes.

TOM TAT

Khoai lang tim dwoc biét la logi cdy lwong thuc quan trong chita nhiéu
chdt dinh dwéng nhu protein, glucose, starch, vitamins, khodang chdt va
hop chat hoat tinh sinh hoc (chat so va anthocyanin). Khoai lang tim ciing
rdt ré néu kich thudc khong dat yéu cau, bi gdy va vé. Nghién ciu nay
trinh bay vé cong nghé ché bién (qua trinh ldo héa va sdy) san pham banh
trang khoai lang sita voi gia tri cam quan cao, dinh duong va bao qudn
ldu. Muc tiéu cua nghién ciru la khdo sat (i) qua trinh ldo hda va (ii) nhiét
dg va thoi gian sdy anh hwéng dén chdt heong banh trang sita khoai lang
tim. Trong qud trinh ldo héa, d¢ am giam, do mau (L* a* va b*) giam
nhung dg citng banh tang. M6 hinh Lewis-Newton c¢6 thé mé ta rat tot
qud trinh giam dm khi sdy ¢ diéu kién nhiét dg va thoi gian khéc nhau.
Bdnh tring sita khoai lang tim c¢6 chdt lwong tot, ham lwong
anthocyanin cao va bdo quan ldu néu banh dwoc ldo héa 5 gio va dwoc
sdy ¢ nhiét dp 50°C trong thoi gian 90 phiit.

1 GIOI THIEU

Dong bing song Cuu Long la ving san Xuét
lwvong thyc 16n nhat ca nude. Bén canh cay lua
duogc trong phd bién va rong rai thi khoai lang cling

dugc trong véi san lugng 16n. Tuy nhién, gid ca
ctia khoai lang tim khong 6n dinh. Nguyén nhan
khac 1a do khi trang mua thi cung vuot cau, thuong
nhan ép gia khi mua cu khoai lang tuoi. Bén canh
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6, ct khoai lang tim gia rat ré néu khoai bi giy v&
do thu hoach, do vén chuyén hoac do khong dat
kich ¢&. Do d6, vin dé dat ra 1a can phai tan dung
ngudn nguyén liéu khoai lang twoi sin c6, khoai
gdy v& va ci khoai khong dat kich ¢& dé san xuét
thanh banh trang khoai lang stta. Cac nghién ctu
cho thay rang san xuit banh trang sira tir khoai lang
tim c6 do déo, dai va mau sic dep hon so véi khoai
lang tring, sira va bi. Hon nita, khoai lang tim c6
gid tri dinh dudng cao vi nhidu khoang cht,
vitamin va dédc biét 1a anthocyanin. Cac nghién ciru
cho thiy rang khoai lang tim chira ham lugng
anthocyanin rat cao nén c6 tac dung chdng oxy hoa
cao, chdng ldo hoa, phong ngira bénh tim mach,
ngin ngira ung thu, giam huyét ap, ngan nglra cac
bénh 1y do gbc tu do gay ra (Suda et al., 2003).

Tuy nhién, nhiéu yéu t6 trong qua trinh ché
bién anh huong dén chat luong banh (cu triic, mau
sic, ham lugng anthocyanin,...). Do d6, nghién
clru cac bién do6i vé chit luong cua banh trang sita
khoai tim trong qua trinh 1am rao va siy la muc
tiéu cua dé tai. Tur do, cac thong sb thich hop cho
qué trinh ché bién dugc chon lua de banh trang sira
khoai lang tim dap tng yéu céu vé gia tri cam quan
t6t, dinh dudng cao va bao quan lau.

2 NGUYEN LIEU VA PHUONG PHAP

2.1 Nguyén li¢u

Gidng khoai lang tim dwoc trong ¢ huyén Binh
Tén, tinh Vinh Long. Cu khoai lang dugc thu
hoach trong thang 9 nam 2013. Cu khoai lang duoc
rira sach, lam rédo va bao quan trong kho mat 10°C
dé chuan bj thi nghiém.

Stia tuoi tiét trung khong duong, duong RE
cia cong ty Puong Bién Hoba, tinh bot nép
dugc mua ¢ siéu thi Co-opmark Céan Tho.

2.2 Qui trinh ché bién

Cu khoai lang tim dugc rtra, got vo, cit nho 2
cm x 2 cm x 2 cm), hép chin va nghién min. Hon
hop bot gém bt min khoai lang chin: tinh bot nép
v6i ti 18 4:1. Khudy déu hdn hop bot véi 15% sita
tuoi va 5% dudng dé thanh hdn hop bot nhio. Ly
15 g hdn hop bot nhido dé trang trén khung vai
cang. Trang déu dich bot dé banh co hinh dang tron
va kich thuéc ddng nhét (duong kinh 20cm). Sau
d6, dich bot dugc hap ¢ 100°C trén khung vai trong
thoi gian 4 phit. Banh dugc 1am réo on dinh trudc
khi tach banh. Banh tach xong thi dugc sdy & nhiét
d6 va thoi gian nhu b tri thi nghiém.
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2.3 Phwong phap thi nghiém
2.3.1 Xac dinh ham luong am

~ Ham luong 4m duoc xac dinh bing cach siy
dén khoi luong khong déi ¢ 105°C theo phuong
phap AOAC (2004).

2.3.2 Xdc dinh ham luwgng anthocyanin

Ham lugng anthocyanin dugc xac dinh theo
phuong phap vi sai (Lee et al., 2005). Do hap thu
mau anthocyanin trong dung dich dém khéac nhau
(pH 1 va 4,5) dugc do tai cac bude song tuong ing
510 va 700 nm bang may hip thu quan phd U-
2800(Simadzu, Japan). Ham lugng anthocyanin
téng duoc tinh theo cyanidin-3-glucoside:

3
_ AxM xDF xV x10 1
C exLxm (mg/L) [1]

Trong do, 4 do hép thu, M khéi lugng phan tir
cyanidin-3-glucoside (449,2 Da), DF h¢ s6 pha
loang, V thé tich dung dich cubi cung (mL), 10° hé
sO chuyén doi tir g thanh mg, & hé s6 hap thu phan
tr cyanindin-3-glucoside (26.900), L bé day cua
cuvet (1 cm), va m khdi lugng méu (g).

2.3.3 Do cirng cua banh trang

Do cimg cua banh trang duge xac dinh bing
méay do cdu tric Rheotex. Banh trang duoc cing
phéng trén khung théu va dugc dat ¢b dinh 1én cbc
hinh tru dé do do cung tai 5 vi tri cua banh béng
dau do c6 tiét dién tron véi duong kinh 1,0 mm.

2.3.4 Do do mau

Mau L*, a* va b* duogc do béng colorimeter
(Minolta, Nhat).

2.4 BH tri thi nghiém

24.1 A7n’h hwong cua quda trinh lam rao (ldo
hoa) den chat lwong banh

Sau khi trang va dwgc hap chin, banh dugc
chuyén sang giai doan 1am rdo & nhiét do phong dé
qué trinh 130 hod dién ra va dé thao banh. Banh
duogc kiém tra d6 4m (%), do cung (gam lyc) va
mau sic (L*, a*, va b*) theo thoi gian lam rao.

2.4.2 Anh huong ciia quda trinh sdy dén chdt
lwong banh trang siva khoai lang tim

Sau khi banh da dugc lam rao, banh (xem muc
2.3) dugc sy trong ta sdy Hitachi (Japan, 60 cm x
60 cm x 120 cm) & cac nhiét d6 40, 50 va 60 °C. O
ting nhiét do séy, mau duge léy ra, can va xac dinh
d6 am (M) theo thoi gian.



Tap chi Khoa hoc Truong Pai hoc Can Tho

2.5 Xirly s6 li¢u va thong ké
2.5.1 Tinh todn toc do siy

Hing sb tbc do sdy duoc tinh theo cac md hinh
sdy [2]. Cac mo hinh nay 1a cac phwong trinh biéu
dién sy thay d6i 4m theo thoi gian dugc sir dung dé
tinh toan va dy doan qua trinh séy thuce phém dua
trén 1y thuyét sy khuéch tan 4m (VS Tén Thanh va
Vi Trudng Son, 2011).

+ Phuong trinh Newton va Lewis.
M-M -
MR=—_ "¢ _p kt [2]
M; -M,
Voi:

M, M;, M,: d am tai thoi diém t, d6 4m ban dau
va d¢ am can bang (% am can ban kho).

t: thoi gian (phut)

k: hing s6 tbc do sdy (phut™).

2.5.2 Phan tich thong ké s6 liéu

S6 liéu thu duoc tir cac thi nghiém véi 3 1an lap
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lai va thong ké bang chwong trinh Statgraphics
Centurion (Version 15.2.11). S liéu dugc phan
tich ANOVA (Multiple Range Test) va tinh LSD
(p < 0,05). Gia tri trung binh, do léch chuan va
hinh anh dwgc xir Iy bang Microsoft Excel 2010.

3 KET QUA VA THAO LUAN

3.1 Anh huéng ciia qua trinh lam rio dén
chat lugng banh

3.1.1 Swthay doi dm va dg cirng banh theo
thoi gian lam rdo (ldo hoa)

Khi 1am rao banh thi 14 qué trinh 130 hoéa tinh
bot dién ra nén do6 am va do cimg banh thay doi
theo thoi gian (Hinh 1). Hinh nay cho thiy ring do
4m va do cimg banh bién ddi nguoc nhau theo thoi
gian 1am rdo. Két qua tinh dugc cho thiy hé sb
quan hé giira do am va do cing banh la r = - 0,98
(p < 0,001). Hé s6 quan hé¢ 4m va cao nghia la
trong qua trinh 1am rao d6 4m giam thi do cimg
tang va ngugc lai.
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Hinh 1: Sy thay d6i Am (%, CBK) va dd cirng banh theo thoi gian 1am rao

Dua vao bién ddi d6 4m va d¢ climg cua banh,
c6 thé chia qua trinh 1am rdo banh thanh bon giai
doan (Hinh 1).

Giai doan 1 (0 + 6 gio) 1a khoang thoi gian ban
ngdy nén nhiét d6 phong twong ddi cao (28 + 30
°C) va do am khong khi tuong dbi thap (70+ 72%).
Luc nay, d6 4m cua banh giam nhanh do gradient
4m giira banh va moi truong con cao. Mic du do
4m giam nhanh nhung d6 cimg ting cham. Giai
doan nay banh c6 d6 4m cao nén lién két giita cac
phan tir tinh bot chwa nhiéu va qua trinh hinh thanh
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mang méi bit dau (Lé Ngoc Tu va ctv., 2003;
Hoang Kim Anh, 2007) do d6 cau tric banh con
rat mem.

Giai doan 2 (6 + 9 gi0) 1a khoang thoi gian ban
ngay nén nhiét d6 phong van con cao (28 = 30 °C)
va d6 4m khong khi van con thp (70 + 72%). Tuy
nhién, d6 4m cta banh giai doan 2 giam chdm hon
giai doan 1 do gradient 4m giita banh va khong khi
nho. Mic dit d6 4m giam cham nhung do cimg ting
nhiéu do ndng do amylose ting nén cac lién két
mang amylose tang lam d6 cung gel va d6 cing
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mang ting (Tang va Copeland, 2007; Mason,
2009).

Giai doan 3 (9 + 24 gio) la khoang thoi gian
ban dém nén nhiét do giam (25 + 27 °C) va d6 4m
khong khi ting (73 + 76%) nén banh hap thu hoi
nuée tir khong khi. Do 4m banh ting dwa dén do
cuing banh giam.

Giai doan 4 (24 + 33 gio) 1a khoang thoi gian
ban ngay hom sau khi d6 nhiét d§ phong tang lén
(28 + 30 °C) va d6 am khong khi giam (70 = 72%)
nén banh nha hoi nudc lai (V& Tan Thanh va Vil
Truong Son, 2011; Heldman ef al., 2008) do chénh
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léch 4m. P6 4m banh giam it nhung do cimg banh
tang nhiéu. P clg banh tang nhiéu 1a do sy ldo
héa cua tinh bot nhiéu (Lé Ngoc T va ctv, 2003;
Hoang Kim Anh, 2007).

3.1.2 Sw thay doi mau sdc theo thoi gian lam
rdo banh

Cung v6i sy bién d6i vé d6 am va ciu trac banh
thi mau sic cta banh ciing c6 su bién ddi theo thoi
gian lam rdo do sy giam 4m va sy oxy hoa
anthocyanin. Vi mau cua banh trang khoai lang tim
chi yéu 1a mau cua anthocyanin. Sy bién d6i mau
(L*, a* va b*) cua banh trong thoi gian lam rao
duoc trinh bay ¢ Hinh 2.
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Hinh 2: Sy thay d6i mau (theo L*, a* va b*) theo thoi gian lam rao

Hinh 2 cho thdy d6 mau L*, a* va b* cta banh
déu giam theo thoi gian 1am rao. Gia tri L* giam
dan nghia 1a banh sim mau dan theo thoi gian lam
rdo. Gia tri a* (+) cang nho tuong ng véi mau do
¢6 xu huéng giam xudng. Gia tri b* (-) cang nho
twong tng vdi xanh duong c6 xu hudng cang dam.
Theo nguyén tic phdi tron mau, khi mau do nhat
dan (giam gia tri a*+) va khi mau xanh duong tang
dam dan (giam gia tri b* -) thi mau hon hop cua
chung 12 mau tim chuyén déi tir tim nhat sang tim
dam. Vi mau cua khoai lang tim chii yéu 1a mau
cua anthocyanin (Suda et al., 2003), cho nén khi
ham lugng anthocyanin ting do mét nudc thi san
phim c6 mau tim dam hon trong thoi gian 1am réo
(Hinh 1).

Do d6, thoi gian 1am rdo thich hgp cho banh
trang stra khoai lang tim 1a 5 gio. Khoang thoi gian
nay mang tinh bot hinh thanh, d6 ctiing thich hgp
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¢6 thé thao banh khong rach. Néu thoi gian 1am rao
kéo dai thi banh c6 mau sdm hon va cung hon.
3.2 Anh huéng ciia qua trinh sdy dén chit
lwgng banh trang sira khoai lang tim
o321 Anh hiong ciia nhiét dé sdy dén hang sé
toc do say banh trang sita khoai lang tim

Sau khi 1am rdo 5 gio, banh dwoc chuyén sang
cong doan sdy. Trong qua trinh sdy, d6 am (theo
can ban khd, CBK) cua banh dwgc phan tich theo
thoi gian va dugc trinh bay trong Hinh 3A. P 4m
(%, CBK) dugc md ta theo moé hinh Lewis —
Newton va dugc trinh bay trong do thi & Hinh 3B
dé tinh hing sb toc do say.

Hinh 3A cho thiy ring d6 4m cua banh trang
sita khoai lang giam nhanh trong 30 phut dau tién
vi do am trong san pham ban dau cao. Sau d6 am
cua san pham giam cham dan va dat dén trang thai
cin bing 4m giira vat lidu sdy va moi truong sdy
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(Vo TéAn Thanh va Vi Truong Son, 2011; Heldman
et al., 2008). Khi say ¢ nhiét d6 cao (60°C), do am
khong khi say kho nhat nén d6 am san pham giam
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nhiéu nhit va can bang & d6 4m thap nhat. Nguoc
lai, banh trang sira khoai lang can bang & d6 am
cao nhat do say ¢ nhiét d6 thap nhat.

60 - A

LA
L]

&

M (D§ im, CBK %)
&

20 -
10 -
0
0 50 100 150
t (thol glan, phaf)

B o
100

-0.5

= L

E. 1
=

= -1.5
S
&

= 2
5

-2.5

-3

t (thol gian, phit)

Hinh 3: Su thay ddi 4m (A) va dé thi (B) theo md hinh Lewis — Newton trong qua trinh siy

Tir Hinh 3B, hing s6 toc do sdy cua banh trang
sita khoai lang c¢6 thé dugc tinh bang mé hinh
Lewis — Newton (Cong thitc [2]) va dugc trinh bay
trong Bang 1.

Bang 1: Anh hwéng nhiét d sy dén hing sb toc
dd siy dwogc tinh toan theo mé hinh
Lewis- Newton

Nhiét 36 (°C) 40 50 60
k 0,023 0,026 0,028
R? 0,999 00995 0,995

Ghi chit k: hdng s6 toc do sydry‘vd hang s6 thire nghiém
(xem muc 2.4.1). R2: H¢ so hoi qui

Céc hé s6 hoi qui R%> 0,99 cho thiy ring mo
hinh Lewis - Newton c6 thé sir dung dé tinh hang
s6 toe do séy v6i do chinh xac cao cho qué trinh
sdy banh trang stra khoai lang. Két qua ¢ Bang 1
ciing cho thy ring nhiét d6 cang cao (60 °C) thi k
cang 16n (0,028 1/phut) nghia 1a tc do giam 4m
cang nhanh.

3.2.2  Anh hwéng ciia nhiét dé va thoi gian sdy
dén do cimg va ham lwong anthocyanin ciia san pham

O diéu kién nhiét do séy khac nhau, banh dugc
do d cung va phan tich ham lugng anthocynin
theo thoi gian. Két qua do ctimg va ham lugng
anthocyanin dugc trinh bay trong Hinh 4A va 4B.
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Hinh 4: Anh huéng ciia qua trinh siy dén d cing (A) va ham lwong anthocyanin (B) ciia banh trang
stra khoai lang tim
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Hinh 4A cho thdy rang nhiét do siy cang cao va
thoi gian sdy cang dai thi do cing cta banh trang
stra khoai lang cang ctng. B¢ cung tang do d6 4m
cua san pham giam theo nhiét 6 say va thoi gian
sdy (Hinh 4A). D6 cimg ting con do ham luong
amylose tang va qué trinh ldo hoda tang (Tang va
Copeland, 2007; Mason, 2009).

Ham luong anthocyanin ciing giam theo nhiét
d6 va thoi gian (Hinh 4B). Béi vi anthocyanin dé
bi phadn huy boi nhiét d6 (Torskangerpoll va
Andersen, 2005; Liu et al., 2013; Nhan Minh Tri et
al., 2014). O nhiét d6 sy thap (40°C) ham lugng
giam cham theo thoi gian sdy nhung khi nhiét do
sdy cao (60°C) thi ham lugng anthocyanin giam
nhanh theo thoi gian sdy.

3.2.3 Anh hiong cia nhiét do va thoi gian sdy
dén gid tri cam quan san phdim

O mdi nhiét do va thoi gian sdy, banh trang stra
khoai 1ang dugce liy ra va danh gi4 cam quan vé
mau, mui, vi cau triic dé chon banh cé gia tri cam
quan cao nhit. Banh dwoc cam quan bang cach an
tuoi (vi banh d qua coéng doan hép chin). Gi tri
cam quan cua banh trang tuoi ¢ ting nhiét do va
thoi gian say dugc danh gia va phan tich thong ké
trong Bang 2.

Bang 2: Anh huwong cia nhiét do va thoi gian

siy dén gia tri cdm quan vé mau sic,
mili, vi va cdu tric ciia sin phim

Thoi gian Nhiét do (°C)
(phiit) 40 50 60
30 3,000 4,400 3,15°
Mau 60 3,30 3,90 3,75%
90 4200  430° 4,000
120 3,85® 340° 3,55
30 3,55 350> 3,55
Mid 60 3,75 3,60 3,70
90 4,000 4,05 4,25°
120 3,90® 355> 350
30 3,50°  3,95° 3,90
Vi 60 3,80°  4,10® 3,85%®
: 90 420° 435  4,05°
120 4,00 4,15% 385
30 4,25®  400° 3,67°
Ciu 60 435° 4,05 3,83°
tric 90 420° 4,600 4,37
120 3,75  3,80° 3.72°

Ghi chi: nhitng chit cai giong nhau trén ciing mot cét
hodc cung hang biéu thi khong khac biét y nghia 5%

Tur bang thong ké vé gia tri cam quan (Béang 2)
cho thay rang banh trang sita khoai lang tim nén
say ¢ nhi¢t do 50 °C trong thoi gian 90 phut thi
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banh c6 gia tri cdm quan vé mau sac, mui, vi va
cau truc (déo dai) tot va bao quan lau (30 ngay
chua hu).

Néu nhiét do se‘iy cao hon 50°C va thoi gian dai
hon thi mau sdc sim hon (46 mau L* thap, két qua
khéng trinh bay ¢ day), giam bot mui dac trung
(mui sira va mui khoai), banh hoi ngot qua (do d6
am thap, chat kho cao) va cdu tric cling (do do am
thip). Nguoc lai, néu sdy ¢ nhiét do thap hon

50°C, tuy 14 mau séc sang, mui vi tot va cdu trac tot
nhung bdo quan khong lau.

4 KET LUAN

Trong qua trinh 1am rao banh, do am va do sang
(L*) cua banh giam nhung d¢ cing banh tang. Sy
thay d6i do 4m va do ctng ctia banh ¢ hé sé quan
h¢ am va cao (r = -0,98). Trong qua trinh sdy, mo
hinh Lewis-Newton ¢ thé mo ta rat tét sy giam
am cua banh trang sita khoai lang tim theo nhiét
do va thoi gian siy khac nhau. Khi siy banh
trang stra khoai lang tim, d§ cung banh tang
nhanh va ham luong anthocyanin gidm nhanh
trong banh trang stra khoai lang tim khi nhiét d6
sdy cao. Banh trang sita khoai lang tim co chat
lugng tdt va bao quéan lau néu banh duoc lam rao
5 gioy va duoc sdy o nhiét 6 50°C trong thoi gian
90 phut.
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