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Néng do NaOH anh huéng dén su thay thé nhom carboxylmethyl trong chudi polysaccharide va
kha nang tiéu hoa cua tinh bot chudi. Qua trinh carboxymethyl héa thé hién do thé DS cao tir
0,31 - 0,63, ham luwong tinh bot khang tiéu RS tang tir 29,84% lén 41,67% khi taing ham luong natri
hydroxit ttr 5 - 10%. V6i ham luong NaOH 12%, cdu truc hat bi pha vo, do két tinh gidm dang ké (tir
25,18% xuong 3,72%) dan dén DS va ham luong RS gidm (0,52 va 35,28%). Do d6, tinh bot chudi
duoc xtr 1y voi 10% theo khoi luong tinh bot 1a ham lwong NaOH t6i wu. Tai ham lwong nay, cac
tinh chat chttc ning cta tinh bot cé cac gia tri cao nhat nhu: Kha nang truong né (35,14 g/g,
90°C), do hoa tan trong nudc (32,01%, 90°C), d6 bén lanh dong - tan gia (19,71% sau 4 chu ky lanh
dong - tan gia) va kha nang hap thu dau va nuéc (OAC 1,78 mL/g va WAC 1,95 mL/g).

T khoéa: Carboxymethyl hoa, tinh bot khang tiéu RS4, tinh bot chudi xanh.

1. DAT VAN BE

Tinh bot 1a mot nguyén liéu quan trong va
tuong doi ré tién duoc st dung nhiéu trong
nganh thuc pham. Khi di vao co thé, tinh bot tiéu
hoéa bi phan hiy (thty phan) bdi cac enzyme o-
amylase, glucoamylase va sucrase — isomaltase
trong rudt non dé tao ra glucose tu do sau do
duoc hép thu. Tuy nhién, khong phai tat ca tinh
bot trong thitc an déu duoc tiéu hoa va hap thu &
rudt non [1]. Dua vao kha ning tiéu hoa, tinh bot
thuong duoc chia thanh 3 phan: Tinh bot tiéu
hoéa nhanh (RDS), tinh bot tiéu héa cham (SDS)
va tinh bot khang (RS). RDS va SDS 1a nhimg
phan tinh bot duoc thiy phan thanh glucose bai
a-amylase trong vong 20 - 120 phut sau khi an,
twong tmg. RS 1a phan khong bi thiy phan sau
120 phut va tiép tuc di tir ruoét non dén ruot gia,

tai d6 no6 co thé duoc lén men boi hé vi sinh
duong ruot [1, 2].

RS ¢6 thé duoc phan thanh 5 loai, trong do
RS1 va RS2 1a tinh bot khang tiéu tu nhién, RS3
la tinh bot khang tiéu bi bién déi vé mat vat ly,
R$4 1a tinh bot khang tiéu bi bién tinh héa hoc
va RS5 la tinh bt khang tiéu dang phac hop
amylose va lipid [3]. Trong d6, RS4 c6 cau truc
phan tir kha céng kénh do cac nhom hydroxyl
duwoc thay thé thanh cac nhom dac trung cho
qué trinh bién tinh nhu: Nhom phosphate (phan
tng phosphoryl hoéa), nhém carboxymethyl
(phan tng carboxymethyl hoéa), nhom actetyl
(phan tng acetyl hoa)... Chinh diéu nay la
nguyén nhan ngan can sy ti€p xuc clia enzyme
voi tinh bot [4].

Ngoai ra, RS4 c6 do 6n dinh kha t6t trong
ché bién thuc phdm ciing nhu RS 1a thanh phan
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¢6 loi cho stic khoe, gidp giam do pH cua ruot
két, ngan ngtra ung thu dai trang, giam luong
duong huyét va cholesterol trong mau, tc ché su
tich lay chat béo [1, 3]. Vi vay, nghién cttu RS4
dang thu huat duoc nhiéu sw quan tam, dac biét 1a
RS4 duoc tao ra tir phan tng carboxymethyl hoa
[5, 6].

Tinh bot carboxymethyl (CMS) duwoc tong
hop tx phan Gng gita tinh bot va natri
monocloaxetat (SMCA) hoiac monocloaxetic axit
(MCA) trong su c6 mit cta natri hydroxit
(NaOH) [7]. Su hién dién cia nhom chic
CH,COO  gay can trd cau trac khong gian, ting
kha ning khang tiéu hoa [5], ciing nhu cai thién
kha nang truong nd, do tan cta tinh bot va do 6n
dinh ctia gel [5 - 7]. Do d6, CMS véi do thé (DS)
nho hon 0,4 c6 thé st dung trong thuc phdm nhu
chat 6n dinh, chat lam dac, chat nhi hoa [6, 8].

Cac nghién ctu trudc day tap trung vao anh
hudéng ctia diéu kién phan tmg dén do thé (DS)
cta tinh bot va déi tuong nghién ctu 1a tinh bot
khoai tay [6, 9], ngo [10], san [11, 12], dau xanh
[13], san day [14] va gao [15], c6 rat it nghién
ctru vé moi lién hé gitta DS, nong do NaOH va
kha nang tiéu hoa cia CMS. Nghién cttu ctia Liu
va cs (2012) [6] cho thay, khi DS tang tir 0,05 lén
0,32, ham lwong RS trong tinh bot khoai tay
CMS duoc téng hop trong 10 vi séng ting tir
14,6% len 20,0%, cao hon nhiéu so voi tinh bot tu
nhién (10,8%). Kha nang khang tiéu hoéa trong
ong nghiém tinh bot khoai lang carboxymethyl
kha cao (RS = 57,8%) va sau khi ghép quercetin,
tinh bot co6 DS > 0,074 va RS tang nhe (RS =
67,5%) [4]. Ha va cs (2024) [5] da tong hop tinh
boét hat mit carboxymethyl c6 DS = 0,57 va RS =
40% khi phan tmg carboxymethyl héa xay ra &
noéng do NaOH 10%.

Viéc nghién cttu va tng dung tinh bot it pho
bién dang la xu huong khi su gia ting nhu cau
tinh bot ngay cang cao va chudi xanh dugc biét
dén 1a nguédn tinh bot doi dao (60 - 80%). Ham
lwong RS2 trong tinh bot chudi xanh khoang 50%
[16], nén chudi xanh rat cé loi cho sttc khoe,
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ngin ngtra cac bénh man tinh nhu: Ung thu rudt
két, cholesterol cao, dai thao duwong va béo phi.
Tuy nhién, RS2 dé bi bién mat trong qua trinh
nghién va ché bién [3], vi vdy mot s6 phuong
phap da duoc 4p dung nhiam ting ham luong RS
trong tinh bot chudi xanh nhu: Phuong phap vat
ly (chi€u xa vi song [17], xtt ly nhiét - 4m [18]),
hoa hoc (hydroxypropyl héa) [19], phosphoryl
héa [20]), hodc phuong phap xtt ly bing enzyme
[21]. Ngoai ra, viéc bién tinh tinh bt chuéi xanh
khong chi cai thién RS ma con cai thién do on
dinh khi dong lanh - ra dong, gelatin héa, do
trong, m& rong kha niang tng dung trong thuc
phim.

Hién nay, chua c6 nghién ctiu nao vé qua
trinh carboxymethyl hoa tinh bot chuéi xanh. Vi
vay, trong nghién ctru nay, da tién hanh
carboxymethyl hoéa tinh bot chuéi xanh va
nghién ctru anh hudng cta néng do NaOH dén
do thé DS va kha nang tiéu hoa, dong thoi danh
gia cac tinh chat ly hoéa, tinh nang cta tinh bot
chudi sau qua trinh xtt ly.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu, hoa chat

Chudi tiéu xanh (Musa sp.) duoc thu hoach
tir cac vuon trong chudi quy mo 16n trén dia ban
tinh Pha Tho, & moc thoi gian 85 - 90 ngay ké tir
khi ra hoa.

Bo kit tht K-RSTAR (x4ac dinh tinh bot
khang tiéu) ctia hang Megazym, Ireland. Sodium
hydroxide, sodium bisulfte, monochloroacetic
axit, isopropanol, acetic axit, chloric axit, sodium
chloride xuat x1t Sigma - Aldrich.

2.2. Phuong phéap nghién cttu
2.2 1. Qud trinh téch, tinh ché tinh bot

Tinh bot chudi xanh (BS) duoc chiét xuat
theo quy trinh ctia Waliszewski va cs (2003) [22]
c6 stra d6i. Sau khi got vo, phan rudt chudi xanh
duoc thai lat mong (2 — 3 mm) va ngam trong
dung dich natri bisulfite 0,5%. Hon hop duoc
nghién nhuyén bang may xay va duoc loc qua
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vai loc dé loai bo phan ba. Huyén phu tinh bot
duoc dé lang, gan rira nhiéu lan véi nudc dé loai
bdé hoa chat du, rira sach tinh bot. Cudi cung,
bun tinh bot dugc sdy kho & 50°C va bao quan
trong tui polypropylene.

2.2.2. Qud trinh carboxymethyl hoa

Phan tmg cacboxymethyl héa dwoc thuyc
hién bang monochloroacetic axit (MCA) véi su
c6 mat ctia NaOH theo Nisit va cs (2011) [7].
Cho 50 g tinh bot vao 250 mL nuwdc cét chira
NaOH (khoi lwong NaOH bang 5 - 12% khoi
luong tinh bot), khudy déu trong 30 phut dé tao
huyén phu. Sau do, 250 mL dung dich MCA
(Mpca = 6% My, b)) duoe thém vao hoén hop
huyén phu va tiép tuc khudy. Két thuc phan tng,
trung hoa hén hop bang CH,COOH. Loc va rita
san pham béng etanol 85%, sdy kho san phidm &
50°C trong 14 gio.

2.2.3. Phuong phdp d4nh gid khd nang tiéu
hoa

Ham luwong tinh bot khang tieu (RS), tinh
bot tieu héa nhanh (RDS) va tinh bot tieu hoa
cham (SDS) duoc xac dinh theo AOAC 2002.02
[23] bang bo kit test tinh bot khang tieu
Megazyme.

* Ham luong RS: 0,1 g tinh bot duoc G trong
4 mL dung dich a-amylase tuyén tuy va
amyloglucosidase & 37°C trong 16 gio. Phan tng
duoc két thuc bang dung dich IMS 50% (ty 1é thé
tich ethanol: methanol: nuwéc 1a 19: 1: 20) va ly
tam dé tach cac thanh phan néi phia trén va can.
Hoa tan can trong KOH 2M trong bé nudc da, bo
sung dung dich dém natri axetat 1,2 M va thay
phan thanh glucose bing amyloglucosidase &
50°C trong 30 phut. Sau d6, b6 sung thudc thir
glucose oxidase/peroxidase (GOPOD) vao dung
dich va 1 ¢ 50°C trong 20 phut. Tién hanh do do
hap thu quang ctia mau phan tich trén quang
phé ké UV-VIS tai budc song A = 510 nm.

* Ham luong RDS U 0,1 ¢ mau véi 4 mL
hon hop o-amylase va amyloglucosidase (AMG)
& 37°C trong 20 phut. Phan tng duoc két thuc
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bang cach thém 4 mL ethanol vao huyén phu sau
do6 ly tam. Pinh muttc 2 ml phan dich chira RDS
bang dung dich natri axetat (100 mM, pH = 4,5)
dén 100 mL. Sau do, thém 0,1 mL dung dich vira
dinh mac vao 0,01 mL dung dich AMG (300
U/mL) & 50°C trong 20 phut. Cuéi cung, théem 3
mL thudc tht GOPOD vao dung dich va a &
50°C trong 20 phut nita. Do hap thu quang cta
cac mau duoc do & buodc song A = 510 nm trén
quang pho ké UV-VIS.

Mau trang 1a hon hop dung dich dém natri
acetate (100 mM, pH = 4,5) v6i thuoc thik
GOPOD. Mau chuén 1a hén hop dung dich D-
glucose chuén véi thudc thit GOPOD.

RS(%) = (AE xF x90)/W

RDS(%) = (AE x F x45)/W

SDS(%) = 100 -(RS + RDS)

Trong do: AE 1a do hap thu (phan tng) doc
trén mau trang; F 1a chuyén déi tir do hap thu
sang microgam (F = 100 pg D-glucose) chia cho
do hap thu GOPOD ctia 100 pg D-glucose nay;
W 1a khoi luong kho ctia mau phan tich (mg).

2.2.4. Do thé cua tinh bot carboxymethyl

Do thé (DS) duoc dinh nghia la s6 nhom thé
trung binh c@la modi don vi anhydroglucose
(AGU). AGU chtra ba nhom hydroxyl, vi thé DS
c6 thé dat toi da la 3. Axit hoa cac nhom
carboxymetyl trong CMS bang dung dich HCI
5%. Tinh bot axit hoa sau do duoc két tia trong
metanol. Loc, rita bang metanol va sdy & 50°C.
Tinh bot kho duwoc hoa tan bing mot luong du
dung dich NaOH 0,1M. Chuén d6 luong NaOH
du bang dung dich HC1 0,1M.

Do thé caa tinh bot CMS duoc tinh theo
cong thtuc:
W, X M,
(100— W) X M_

Trong do: M, 1a khoi luong mol cta 1 don vi
anhydroglucose (162 g/mol); M. 1a khéi luong
mol cia nhom carboxymetyl (58 g/mol); W, la
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ham luong nhém carboxymetyl, tinh theo % khai
luong mau:
CXM_X(V, -V )x107* 100
M X (Ve = V) % 100 X
m,, 100 -W,

Trong do: C 1a néng do dung dich HCI dung
dé chuan do (mol/L); V,, 1a thé tich dung dich
HCl dung dé chuidn mau trang (mL); V,, 1a thé
tich dung dich HCI dung dé chudn mau (mL); M
1a khoi luong ctia mau thi (g); W, 1a do 4m cta
tinh bot CMS (%).

2.2.5. Tinh nang va dic trung Iy hoa cua tinh
bot

* Kha nang truong no (SP) va do tan (WSI):

W, =

Khoang 1 g mau tinh bot duoc tron ky voi 10
mL nudc va dit vao bé 6n nhiét & cac nhiét do
khac nhau (60, 70, 80, 90°C) trong 30 phut.
Huyén pht sau d6 duoc lam ngudi dén nhiét do
phong trudc khi ly tam & toc do 1.600 vong/phut
trong 15 phut. Phan néi phia trén duoc say kho &
nhiét do 110°C trong 24 gio dé xac dinh do hoa
tan. Phan cidn lang phia duéi duoc dung dé xac
dinh kha ning truong no.

SP (g/g) = (m; —my)/m,
WSI %) = (m; / my) 4100

Trong do: m, 1a khéi luong phan hoa tan cua
mau (g); m, 1a khéi luong cia can lang (g); m, la
khoi luong ctia mau kho ban dau (g).

* Kha nang hap thu diau (OAC) va hap thu
nuoc (WAC):

Kha ning hap thu dau/nudéc duoc xac dinh
theo phuong phap ctia Beuchat (1977) [24]. Can
1 g tinh bot cho vao 6ng nghiém, sau d6 thém 25
mL nudc cat (xac dinh WAC) hoic 25 mL dau
thuc vat (xac dinh OAC). Huyén phu duoc tron
ky, sau do dé yén trong 1 gior & nhiét do phong
trude khi ly tam (toc do 1.500 vong/phut trong
10 phat). Phan ndi phia trén duoc dung dé xac
dinh kha nang hép thu nuéc/dau cta tinh bot.
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OAC (WAC) (mL/g) = (V;-V,)/m,

Trong do: V, 1a thé tich dau (hoac nuéc) ban
dau (mL); V, 1a thé tich dau (hoac nuéc) sau ly
tam (mL); m, 1a khoi luong ctia mau kho ban

dau (g).
* Po bén lanh dong - tan gia:

Huyén phu cta tinh bot trong nude (6%,
w/v) duoc gia nhiét cho dén khi hé héa hoan
toan va sau do dé nguoi dén nhiét do phong. Lay
khoang 10 mL mau gel dé tién hanh xac dinh do
bén dong lanh - tan gia. Mau gel duoc dé & nhiét
d0 -20°C trong 24 gio, sau d6 ra dong & nhiét do
phong trong 2 gio. Tiép theo, mau duoc ly tam &
toc do 3.000 vong/phut trong 15 phut, phan dich
noi duoc ldy ra dé xac dinh khoi luong, phan
lang phia du¢i tiép tuc duoc dua vao ta dong.
Chu ky lanh dong - tan gia duoc lap lai 4 lan.

Do bén lanh dong - tan gia (%) = (m;/m,) x
100

Trong do6: m,; 1a khéi luong nuoc thoat ra
sau moi chu ky lanh dong - tan gia (g); m, la
khoi luong mau tinh bot da ho hoa (g).

* Pac trung Iy hoa:

Hinh thai bé mat ctia tinh bot/bot duoc
phan tich SEM tren thiét bi JMS-6510LV (JEOL,
Nhat Ban) caa Vién Ky thuat Nhiét doi, Vién
Han lam Khoa hoc va Cong nghé Viét Nam.

Ph6 hong ngoai FTIR duoc thuc hién trén
may do quang phé FTIR Affinity-1S (Shimadzu,
Nhat Ban) tai Khoa Hoa, Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Quéc gia Ha Noi.

Cau trac tinh thé cta tinh bot/bot chuoi
xanh duoc nghién ctu bang nhiéu xa tia X
(XRD) trén may do nhiéu xa Siemens-D5000 v6i
pham vi quét tir 5 - 80° tai Khoa Hoéa, Truong Dai
hoc Khoa hoc Tu nhién, Pai hoc Quoc gia Ha
Noi.

Do két tinh tuwong déi caa tinh bot duoc tinh
bang cong thic:
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Af
RC (%) = ——— x 100
A, T4,

Trong do: A, 1a viing tinh thé trén anh nhiéu
xa tia X; A, la ving vo dinh hinh trén anh nhiéu
xa tia X.

2.3. Phuong phap xtt Iy s0 lieu

Trong nghién ctru nay, moi thi nghiém duoc
thuc hién ba lan lap lai. Dix lieu thu thap duoc
téng hop va xt ly bing phan mém Microsoft
Excel 2010, sau d6 phan tich phuong sai
(ANOVA) va kiém dinh Bonferroni dé danh gia
st khac biét gitra cac so liéu thuc nghiém voi
muc y nghia duéi 0,05.

8. KET QUA NGHIEN CUU VA THAO LUAN

Tinh bot chuéi xanh bién tinh CMS5, CMS7,
CMS10, CMS12 duogc carboxymetyl héa voi ham
luong NaOH 5%, 7%, 10%, 12% (so voi khoi lwong
tinh bot), twong tng.

3.1. bo thé va kha ning tiéu hoa

Khi ting ham lwong NaOH tir 5 - 10% thi DS
tang (tr 0,31 lén 0,63), diéu nay ching to6 moi
truong kiém dong vai tro 1a chat treong né tao
diéu kién thuan loi cho sy khuéch tan va xam
nhap ctia cac chat ethylene dén cau truc hat ctia

tinh bot [25]. Tuy nhién, khi taing ham luong
NaOH len 12%, DS c6 xu huong giam (DS =
0,52), do moi truong kiém manh gay ho hoéa tinh
bot, ngan can ti€p xuc gitta MCA va tinh bot
trong hon hop phan tng [5]. Mit khac, néng do
NaOH cao sé lam tang kha nidng tao san phdm
phu 13 sodium glycolat lam can tr& su tiép xuc
gittra MCA va tinh bot trong hén hop phan tmg
lam gidm hiéu qua ctia phan tng.
70 1 0.8

. ——RS (%) —=—RDS (%) ——SDS (%) ——DS
60 b a

= w N o
S 1= =) S
o

Kha nang tiéu hoa (%)
o

—_
o

0 2 4 6 8 10 12
Ham lrong NaOH (%)

Hinh 1. Do thé (DS) va kha ning tieu héa (RS,
RDS, SDS) ctia tinh bot chuéi carboxymetyl voi
ham luong NaOH khac nhau

NaOH + CICH,COOH — CICH,COONa + H,0

HOH,C JHomG
) 0 —
- +NaOH —= + H,0
H&o/ : MO/ ?
OH ONa
HOH,C 10 HOH,C
O O ® €] a —
“ b _+ €000 N o NaCl
@ -
ONS H H E——coo’
A\
H H

NaOH + CICH,COONa — HOCH,COONa + NaCl
Hinh 2. So d6 phan tmg carboxymethyl héa gitra tinh bot va monochloroacetic axit [25]

DS cang cao chiing t6 nhoém carboxymethyl

triuc khong gian, ngan can su tiép xuc ctia enzyme

trong chudi polysaccharide cang nhiéu, do do cau voéi tinh bot [5, 6], do d6 ham luong RS trong tinh
truc tinh bot cang tré nén cong kénh, can tré cdu  bot ting len. Vi ham lwong NaOH 10%, ham
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luong RS va SDS dat gia tri cao nhat (42,36% va

19,27%), RDS dat gia tri thap nhat (38,37%).

e. CMS12

3.2. Pac trung ly héa
3.2.1. Hinh théi hoc bé mat

d. CMS10

Hinh 3. Anh SEM (x 500) ciia tinh bét chuéi xanh truéc va sau qua trinh carboxymethyl héa

Hat GB c6 hinh bau duc hodc thuon dai tu
do voi kich thuéc khac nhau, bé mat twong doi
nhén, cac hat tdch roi nhau (Hinh 3a). Cac hat
tinh bot CMS5, CMS7, CMS10 khong c6 su thay
d6i nhiéu so véi hat GB giong nhu hat tinh bot
CMS12. Khi ham luong NaOH trong qua trinh
bién tinh cang cao, hién tuong két tu thanh khoi
va gel hoa xuat hién cang nhiéu (Hinh 3b, c, d),
dac biét & ham lwong NaOH 12%. Viéc ting ham
luong NaOH dan dén hién tuwong ho hoa kiém

Lin (Cps)

lam héng bé mat caa hat tinh bot, gdy mat hinh
thai va tinh 6n dinh ctia c4u triac phan tit ctia hat
tinh bot [5, 15].

Mit khac, su pha vo cdu trac hat & ham
luong 12% lién quan dén su cat chubi va giam do
thé cuaa tinh bot, tao diéu kién dé enzyme xam
nhap [5]. Diéu nay giai thich ly do RS giam &
CMS12.

322 NhiduxatiaX

cMsi2, 3.72%

Lin (Cps)

15 25 35 45
2-Theta-Scale

2-Theta-Scale

Hinh 4. Gian @6 nhiéu xa tia X ctia tinh b6t chudi xanh truéc va sau qua trinh carboxymethyl héa
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Cac peak & ~15°, ~17°, ~22 - 24° trén mau GB
dac trung cho cau tric két tinh kiéu “B” ¢6 cuong
do giam dan khi tang ham luong NaOH tir 5 - 12%.
Ham luong NaOH cang cao thuc ddy qua trinh
thiy phan cac chudi amylose dan dén su bién
dang ctia hat tinh bot [5], két qua 1a do két tinh
giam tur 25,18% (GB) xudng 3,72% (CMS12). Diéu
nay chimg t0, cau truc hat ctia tinh bot gan nhu bi
pha vo, phit hop vo6i két qua SEM (Hinh 3).

3.2.3. Pho hong ngoai FTIR

CMS12

W

CMS5

GB 1.742

Transmittance (%)

1.641
2.943 Lo

3.378

4.000 3.500 3.000 2.500 2.000

Wavebumbers (cm-)
Hinh 5. Phé FTIR ciia tinh bot chudi xanh ban
d4u va tinh bot carboxymethyl hoa

Vé co ban, phé hong ngoai cta tinh bot tu
nhién (GB) va cac CMS khong khac nhau nhiéu,
cac phé déu xuat hién peak rong 3.378 cm™ va
2.943 cm’! dic trung cho dao dong hoéa tri nhom -
OH va dao dong hoa tri khong déi xtmg cua lién
két —CH, no; peak 1.422 cm™ dac trung cho dao
dong bién dang cua lién két — CH- no. Cac dinh &
1.036 cm ! va 1.162 cm ! déc trung cho dao dong
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cuia cac nhém hydroxyl va cac nhom C-O-C cta
anhydroglucose. Peak 1.641 cm™ biéu thi sy bién
dang rung dong cta nudc hap thu.

Su khac biét ro rang nhat caa GB va CMS la
st xuat hién thém vai peak 1.742 cm™ bén canh
peak 1.641 cm?! dac trung cho dao dong hoa tri
ctia nhom C = O va khi ham luong NaOH tang,
cuong do ctia peak 1.742 cm! cang manh con
peak 1.641cm™ cang giam, diéu nay chimg to da
xay ra phan tng carboxymethyl hoa [5, 13].

3.3. Tinh néng cta tinh bot

bo truong n& (SP) va do tan trong nudc
(WSI) caa tinh bot duwoc khao sat & cac nhiét do
khac nhau (60°C, 70°C, 80°C, 90°C). Nhiét do
cang cao, SP va WSI cua tinh bot ting 1én va cac
mau tinh bot c6 sy thay d6i dang ké. Qua trinh
carboxymethyl héa da lam tang SP va WSI cua
tinh bot. O 90°C, SP cta tinh bot CMS tang tir
4,14 -12,30 g/g so voi GB (22,84 g/g). Cu thé, SP
cia CMS5, CMS7, CMS10, CMS12 lan luot la
26.,98, 29,63, 35,14, 132,52 g/g. Tuong tw, WSI
cuia tinh bot CMS tiang 4,89 — 11,55% so voi GB
(20,46%), WSI ciia CMS5, CMS7, CMS10, CMS12
lan luot 1a 25,35, 27,94, 32,01, 30,82%. Nhu vay,
kha nang truong nd va do tan trong nudc duoc
siap xép theo tht tu: GB < CMS5 < CMS7 <
CMS12 < CMSI10.

—%— GB
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Hinh 6. M6t s8 tinh néng cta tinh bot chudi xanh ban dau va tinh bt carboxymethyl héa
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Su xuat hién ctia nhéom carboxylmethyl
(-CH,COOQ) lam ting @ phan cuc trong tinh bot
do luc ddy tinh diéen gitta cac chubi
polysaccharide [26] va su bién dang cta cac hat
tinh bot (Hinh 2) c6 thé lam tang kha nang thim
thau cta cac phan tir nudc [5]. Diéu d6 lam tang
do truong nd va do hoa tan trong nudc cia CMS,
cting nhu giai thich ly do tai sao CMS10 c6 SP va
WSI 16n nhat.

Kha niang hip thu nuéc va dau (WAC va
OAC) cua tinh bot CMS cao hon nhiéu so voi
tinh bot chu6i ban dau (WAC va OAC lan luot 1a
1,21 va 1,12 mL/g). WAC tang manh (tir 1,42 lén
1,95 mL/g) khi ham luong NaOH tang tir 5 - 10%,
sau d6 giam khi ham luong NaOH la 12%. Xu
huwong ctia OAC ciing tuwong tu WAC, OAC cua
CMS5, CMS7, CMS10 va CMSI12, lan luot la
1,28,1,44,1,78 va 1,62 mL/g.

Kha nang hap thu dau va nudc cia tinh bot
CMS ty lé thuan v6i do thé cta qua trinh
carboxymethyl hoa do nhom carboxylmethyl
(-CH,COO) lam tiang kha ning hap thu chat
long. Ngoai ra, moi truong kiém manh thuc ddy
su phan cat chudi polysaccharide dan dén su gia
tang ving vo dinh hinh. Diéu d6 lam ting sy hap
thu chat 16ng ctia tinh bot bién tinh bang luc hat
mao dan [8].

Viéc giai phong nuéc trong méi chu ky lanh
dong - tan gia c6 lién quan dén su 6n dinh cta
gel tinh bot. Luong nudc gidi phong ctia mau GB
tang nhanh tir 15,24% (chu ky 1) dén 47,83% (chu
ky 4). Cac mau CMS c6 do bén lanh dong - tan
gia cao hon so v6i GB va ty 1é thuan véi DS. Sau
4 chu ky, do bén lanh dong - tan gia ctia cAc mau
CMS duoc sap xép theo thir te ting dan: CMS5
(35,25%) < CMS7 (29.94%) < CMS12 (24,04%) <
CMS10 (19,71%).

Do bén lanh dong - tan gia duoc cai thién
ctia CMS c6 thé do su sap xép chudi tinh bot bi
cham lai, diéu nay lién quan dén nhom hydroxyl
c6 trong tinh bot. Tinh bot CMS c6 it nhom
hydroxyl, do bén lanh dong - tan gia cang cao
[6]. Ngoai ra, nhiéu nhom wa nuoc -COO- trong

cac mau CMS gép phan tang kha ning git phan
tt nudc trong cau trac [5].

4. KET LUAN

Qua trinh carboxymethyl héa véi ham luong
10% cho do thé cao nhat (0,63), ham luong tinh
bot khang tiéu dat 41,67%, cao hon so véi tinh
bot ban dau 16,11%. Cau trac hat bi bién dang
nghiém trong khi tang ham luong NaOH 1én 12%
dan dén do két tinh giam manh (tir 25,18% xudng
3,72%). Tinh bot chuoéi carboxymethyl c6 kha
ning truong nd, do tan trong nudc, kha ning
hép thu dau/nuéc va do bén lanh dong - tan gia
duoc cai thién ro rét, dac biét 1a tinh bot duwoc xtr
1y v6i ham luong NaOH 10%. O 90°C, SP va WSI
ctia CMS10 lan luot 12 32,52 g/g va 30,82%. Sau 4
chu ky lanh doéng - tan gia, luong nuwéc CMS10
gidi phong ra khoang 24%, thap hon dang ké
lwong nudéc GB giai phong ra (47,83%). Su thay
do6i tinh niang va ham luong RS giup mé rong
kha niang tng dung trong nganh thuc phdm cua
tinh bot chuoi carboxymethyl.

LOT CAM ON

Cong trinh nghién cuu ndy dwoc thuc hién
voi sir ho tro kinh phi cia Bo Khoa hoc va Cong
nghé thong qua dé tai ma so-DTDL.CN-115/21.
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STUDY ON THE MODIFICATION OF GREEN BANANA STARCH BY
CARBOXYMETHYLATION METHOD
Nguyen Phan Hang?, Vu Minh Tan?, Nguyen Thi Kim An?,
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Nguyen Trung Duc?*, Nguyen Thanh Tung’*
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Institute of Chemistry, Vietnam Academy of Science and Technology
Abstract

The content of NaOH influences the substitution of carboxymethyl groups in the polysaccharide
chain and the digestibility of banana starch. The carboxymethylation process exhibits a high
degree of substitution (DS) ranging from 0.31 to 0.63 and the resistant starch (RS) content
increases from 29.84% to 41.67% as the sodium hydroxide concentration rises from 5% to 10%. At a
NaOH concentration of 12%, the granular structure is disrupted and the crystallinity significantly
decreased (from 25.18% to 3.72%), lead to a reduction in both DS and RS content (0.52 and 35.28%,
respectively). Therefore, banana starch treated with 10% NaOH relative to starch weight is
considered optimal. At this concentration, the functional properties of the starch reached their
highest values, such as swelling capacity (35.14 g/g at 90°C), water solubility (32.01% at 90°C),
freeze-thaw stability (19.71% after four freeze-thaw cycles) and oil and water absorption capacities
(OAC 1.78 mL/g and WAC 1.95 mL/g).
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