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Abstract
Malto-dextrin, the mixture of glucose, maltose and dextrin is used in food industry, as bulking agent, fat replacer, and for
medical/nutritional purpose. It is generally produced from cane sugar, maize (starch) etc. by acid or enzymatic hydrolysis. But
presently its production rate is not so high. Malto-dextrin production from broken rice, a waste, is very beneficial because of its low

cost and availability.

In this paper, the objective of this study was to maximize the malto-dextrin production from rice starch by acid hydrolysis and also the
effect of particle size on production of malto-dextrin. The rice starch was hydrolyzed by Hydrochloric acid (HCI). The range of the
factors employed were particle mesh size, gelatinization pressure and time, saccharification time. The optimized gelatinization
condition was 15psig for 30 minutes. The optimized acid hydrolysis condition was 67°C for 30 minutes. The optimized particle size
was 18 meshes both for raw and parboiled rice. Maximum yield was 90.434% (before separation of proteins), and 94.43% (after

separation of proteins).
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1. INTRODUCTION

Malto-dextrin (GH1¢0s)n.H-O is a mixture of saccharides with
a molecular weight between
oligosaccharides with DE lower than 20 (not swest)ich is
available as white powders mostly or concentrateldtion
[1]. Its physical and functional properties suchsageetness,
compressibility and viscosity vary depending upbe éxtent

of starch hydrolysis, which is characterized by DE

determination [2]. It is used in food industry,kadking agent,
fat replacer, medical/nutritional purpose etc.

Rice starch granules (with diameters of ca. 5 poapsist of
two a-D glucose polymers: nearly linear amylose and lgigh
branched amylopectin. Within starch granules, titiéferent
regions are distinguished, i.e. alternating amoughdlow
electron density) and semi-crystalline growth riiflsckness
120-400 nm). The latter consist of crystalline thiglectron
density) and amorphous (low electron density) ldmeelvith a
repeat distance of 9-11 nm (R.E. Cameron et atyst@lline
lamellae result from double helix formation of awmyyéctin
side chain chains which aggregate to form crystatsreas
amorphous lamellae mainly contain amorphous amytape
branch points [3].

Gelatinization is the irreversible melting proce$starch. It is
an endothermic process, and the peak temperatuihiah

starch absorbs heat is called gelatinization teatpes (GT).
It is important because it affects the textureasfled rice and
it is said to be related to the cooking time oérigvhen starch

polysaccharides and

granules are heated in excess water above thenggdbn
temperature, the supramolecular order (crystajiirand 9-11
nm repeat are lost. Apart from this phenomenon,ewat
absorption and thus swelling of the granule and lasey
leaching occur during gelatinization [4].

Acid hydrolysis is generally done by 6(N) HCI. Aaénerally
breaks dowrn (1—4) anda (1—6) linkages of amylose and
amylopectin present in gelatinized starch and predumalto-
dextrin after saccharification.

Production of malto-dextrin from broken riGwaste, is very
beneficial because of its low cost and availabilityindia as
well as in West Bengal. In this study gelatinizatiof rice
flour is the function of pressure, time and paeisize and
type and composition of starch and saccharificatéen a
function of time. The parameters were optimizethia study.

2. MATERIAL AND METHOD
21 Material
Preparation of Raw Material

Both broken raw and parboiled rice were collectennf local
market of Kolkata. The rice samples were grinded iball
mill and grinded samples were separated by a sbaker on
the basis of their particle size. Rice flour witarticle size of
18, 30, 44, 60 mesh was used for farther experisnertept
raw material study in which samples before grindid
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sieving was used. The chemicals used in these ,studse
obtained from the Merck India Ltd.

2.2 Methods

2.2.1 Proximate Composition Analysis

Moisture, fat, ash, protein and amylose content ewer

determined.

Moisture was determined gravimetrically in hot aien at
130C for 2 hrs. and then to constant weight. Detertionaof
fat by solvent (n-hexane) extraction, ash by asimmeghod at

550°C for 5 hrs., protein by digestion and distillation
(Kjeldahl) method andmylose content by spectrophotometric

methodas described by Sadasivam & Manickam, 2005[5].

2.2.2 Optimization of Gelatinization Process

Gelatinization was carried out at 10psig for 10 utés, at
15psig for 30 minutes and at 15 psig for 45 minuesl
saccharification time (20 minutes) temperature®@7was
constant.

5gm of sample from each of four mesh size (18,430and
60) of raw and parboiled rice was taken in différeanical
flasks and followed by gelatinization at 10 psigrhihutes, at
15psig for 30 and at 15psig for 45 minutes. AftexdvdOml
6(N) HCl was added in each of the flasks and plaiced
water bath at 67°C for 20 minutes for inversion #oltbwed
by neutralization of pH by sodium hydroxide soluati®40%
w/v) volume was made up to 200ml in each of conilzaks.
Then the samples were taken for assay of maltaddext

2.2.3 Optimization of Saccharification Process

From the optimized gelatinization time-temperatprefile 15
psig 30 minutes saccharification time was varied(gt30 and
45 minutes at 6C.

5gm sample from each of four mesh size (18, 30a4d, 60)
of parboiled and raw rice was taken in differentical flasks
and 100 ml distilled water was added in each of fthgks.
Then the conical flasks were placed in an autoclawd
autoclaved at 15 psig for 30 minutes. After th@m# 6(N)
HCI was added in each flask and inversion was edrout at

67°C for 20, 30 and 45 minutes and after inversion,

neutralization of pH of the hydrolyzed mass was eldry
sodium hydroxide solution (40%w/v) and then volumas
make up to 200 ml in each flask. Then the sampl® waken
for assay of malto-dextrin.

2.24 Separation of Proteins and Production of
Malto-Dextrin

Rice protein consists of four fractions with difet solvent
solubility: albumin (water-soluble), globulin (sa#oluble),
glutelin (alkali-soluble), and prolamin (alcoholksble).
Globulin (about 12%) and glutelin (about 80%) ane two
major proteins, and albumin (about 5%) and prolafaiout
3%) are minor ones [6].

Rice proteins were separated from defatted 18 rmpadboiled
rice flour according to the method described by.Z¥ et al.,
2001 [6]

Rice Flour (100g)
{
Defat with hexane (400 ml)
{
Air-dry (under hood for 24 h)
l

Water Extract (400 ml, 20°C, shaking 4 h)
il

Supernatant Residue
(Albumin) v
Salt Extract

(400-ml 5% NaCl, 20°C, shaking 4 h)
{

Supernatant Residue
(Globulin) 1
Alkali Extract
(400-ml 0.02 M NaOH, pH to 11.0, 20°C, shaking 30 min)
v

Supernatant Residue
(Glutelin) {
Alcohol Extract
(300 ml 70% alcohol, 20°C, shaking 4 h)
¥

Supernatant Residue
(Prolamin) (Crude starch)

Proteins separation flow sheet

Malto-dextrin was produced from protein separafed flour
by gelatinization at 15psig for 30 minutes and badfication
for 30 minutes at 6C by 6(N) HCI.

225 Assay Method of Malto-Dextrin (Reducing
Sugar)

2.2.5.1 Dextrose Equivalent Titration Method
Materials.

» Standard dextrose solution: (2mg/ml)
» Fehling reagent: (Fehling A & Fehling B solution)
*  Methylene blue
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M ethod:

» Pipetted out 1ml of Fehling A and 1ml of Fehling B

in a conical flask.
« Heated the solution until to boil.
» Titrated against standard dextrose solution ungiak

red colour developed using methylene blue as
indicator till the brick-red colour developed and

burette reading was recorded.

Again the first two steps were followed for diffatesamples
for determination of reducing sugar and titratedaiast
different samples and burette reading was recorded.

Calculation:

% of reducing sugar (per 100 gm of rice flour) £bi§rette
reading for standard titratis@)burette reading for sample
titration}*volume of content in conical flask*100}eight of

sample taken.

2.2.5.2 Dinitrosalicylic Acid Method [5]
Materials:

» Dinitrosalicylic acid reagent (DNS reagents):
Dissolved by stirring 1 gm dinitrosalisylic acid,
200mg crystalline phenol and 50 mg sodium
sulphite in 100 ml 1% NaOH and Stored ¥4

e 40% Rochelle salt solution (potassium sodium
tartrate)

» Standard solution of dextrose (2mg/ml)

M ethod:

0.2, 0.4, 0.6, 0.8, 1ml of the standard solutiod an
1ml of sample solution was pipetted out in diffdren
test tubes and 2mL of DNS reagent was added in
each of the test tube.

The content was heated in a boiling water bathbfor
minutes.

1 ml of 40% Rochelle salt solution was added tdeac
of the test tubes while the contents were stillnuar

The test tubes were brought down to room
temperature.

After cool, the volume was made up to 11ml in each
of the test tube.

The absorbance of the cooled content dark red
solution at 560nm was taken by spectrophotometer
(Manufactured by-Systronic, Model no.-2202).
Standard curve was prepared with 0-2 mg dextrose
solutions absorbance (Fig-6).

Calculation:

From

absorbance of sample

deter

the standard graph equation by putting thelevaif
reducing sugar percentage was
mined.

3. RESULT AND DISCUSSIONS

3.1 Proximate composition of raw and parboiled rice

Table 1: Proximate composition of raw and parboiled rice

Parameters Raw rice (%) Parboiled rice
(%)
Wet Dry Wet Dry
basis basis basis basis

Moisture 13.38 - 10.78 -
Ash 0.98 1.12 2.02 2.26
Protein 5.64 6.51 5.05 5.66
Fat 1.02 1.18 1.12 1.25

Parboiled rice contains gelatinized starch andassde certain
amount of moisture during processing (boiling). 8misture
content of parboiled rice is less than raw rice dmhce
percentages of protein, fat, ash content are algheh in
parboiled rice. Ash content of rice depends orbitaa present
in it, which is not dependent on boiling of paddynylose
content of parboiled rice was determined from ttendard
graph (Figl). Figure 1: shows that amylose corigeB7.34%.

Standard amylose curve
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Fig 1: Standard curve of Amylose.

3.2 Optimization of Particle Size

Different rice flour, both raw and parboiled, weaskeén for
gelatinization and saccharification under a speafndition.
After saccharification the reducing sugar was mesbwand
flour with particle size 18 mesh shown maximum prctevity
72.98 % and 90.43 % for raw and parboiled rice [@aRB)
respectively. Parboiled rice gets gelatinized presiy so it its
productivity is higher than raw rice.

3.3 Optimization of Gelatinization Process

The gelatinized process was carried out at diffepgassure
and time, 10 psig and 15 psig. Gelatinization tivees varied
from 10 minutes to 45 minutes. From table: 2, gli®@wn that
optimized condition is 15 psig and 30 minutes.
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3.4 Optimization of Saccharification Process 44 70.58
The saccharification process was carried out &€ 6dr 20, 30 60 52.66
and 45 minutes. The optimized condition was &C6for 30
minutes.
) ) ) 18 38.9
3.5 Separation of Proteinsfrom Rice Par- 10 psig 10 67°C for 20 5 =
The proteins were isolated from rice flour by abaventioned boiled minutes minutes
process. The total separated protein percentage f® mesh rnce 44 29.16
boiled ri 5.04% t basi
parboiled rice was b (wet basis) 50 5588
3.6 Percentage of malto-dextrin of raw and parboiled 18 83.2
. 15 psig 30
rice minutes 30 75.63
Table 2: Percentage of malto-dextrin at different conditién 44 69.33
gelatinization and Saccharification
60 59.43
Type | Gelatinization| Saccharificatio] Mesh | % of
" " . 18 83.2
of condition n condition size | malto- 15 psig 45
rice d((eg(terrln minutes 30 75.64
100 gm 44 69.33
rice) 60 | 59.43
18 19.8
10 psig 10
Raw minutes 67°C 30 20.8 5 5043
Rice 20minutes '
44 18.9 Par- | 15 psig 30 67°C 30
60 14.85 boiled minutes minutes 30 80
rice 44 | 72.98
18 69.33
15 psig 30 60 60.28
minutes 30 59.42
18 90.43
60 41.6 minutes 30 80
44 72.98
18 69.33
15 psig 45 60 79
minutes 30 59.42
44 69.33 100 1
90
60 52 80 1
70
60 q
Percentage (%) 50 4 O Raw rice
18 71.72 of malto-dextrin 0 ® Parboiled rice
Raw 15 psig 30 67°c 30 30
rice minutes minutes 30 61.17 ig
44 70.51 o0l
1 2 3 4 5
60 53.35
18 72.98 Fig 2: Reducing sugar percentage of 18 mesh size Raw and
67°c 45 0 6117 Parboiled rice at different gelatinization and $erification
minutes ' condition.
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The numbers 1, 2, 3, 4 and 5 of Fig-2 denotesdha@xing

1- Gelatinization at 10psig for 10 minutes and badfication
at 67Cfor 20 minutes.

2- Gelatinization at 15psig for 30 minutes and badcication
at 67C for 20 minutes.

3- Gelatinization at 15psig for 45 minutes and badf€ication
at 67C for 20 minutes.

4- Gelatinization at 15psig for 30 minutes and badfication
at 67C for 30 minutes.

5- Gelatinization at 15psig for 30 minutes and badication
at 67C for 45 minutes.

From figure 2 it is clear that the best yield oflmmalextrin
percentage of raw and parboiled rice i.e. 72.98% ¥h43%
respectively is obtained at gelatinization conditiaf 15psig
for 30 minutes and saccharification condition ofG7or 30
and 45 minutes, as time duration gap of sacchatifin
condition (i.e. 30 and 45 minutes) has no effectioe starch
means there is no enhancement in malto-dextrinepéage.
Hence it can be concluded that the optimized geiatiion
and saccharification condition for 18 mesh size ramd
parboiled rice is 15 psig for 30 minutes and@7or 30
minutes respectively. It is also noticeable that prercentage
yield of reducing sugar of parboiled rice is highlean raw

rice at different conditions of gelatinization and
saccharification.
90 4
£ 80|
8 70
2 60
.g 50 - @ Raw rice
< 40 m Parboiled rice
@ 301
g
c 20 4
@
5 10
'
ol
1 2 3 4 5

Fig 3: Reducing sugar percentage of 30 mesh size Raw and
Parboiled rice at different gelatinization and $eication
condition.

The numbers 1, 2, 3, 4 and 5 in Fig 3 have the same

connotations as in Fig 2.

From Figure 3 it is clear that the best yield ofltmaextrin
percentage of raw and parboiled rice i.e. 70.51% &h98%
respectively is obtained at gelatinization conditiaf 15psig
for 30 minutes and saccharification condition of@G7or 30
and 45 minutes, as time duration gap of sacchatifin
condition (i.e. 30 and 45 minutes) has no effeciparboiled
rice starch rice starch means there is no enhamtémenalto-
dextrin percentage but in case of raw rice thereals
enhancement of 0.07% which is negligible. Henceait be
concluded that the optimized gelatinization and

saccharification condition for 30 mesh size raw padboiled
rice is 15 psig for 30 minutes and °67 for30 minutes
respectively. It is also noticeable that the petaga yield of
reducing sugar of parboiled rice is higher than mroe at
different conditions of gelatinization and saccfieation.

80 -

70 A

60 -

50 +
@ Raw rice

40 A . N
m Parboiled rice

30 o

20 4

10 +

0+ T T T T
1 2 3 4 5

Fig 4. Reducing sugar percentage of 44 mesh size Raw and
Parboiled rice at different gelatinization and $efication
condition.

Percentage (%) of malto-dextrin

The numbers 1, 2, 3, 4 and 5 in Fig 4 have the same
connotations as in Fig 2.

From figure 4 it is clear that the best yield ofltmalextrin
percentage of raw and parboiled rice i.e. 67.17% &0%
respectively is obtained at gelatinization conditiaf 15psig
for 30 minutes and saccharification condition ofG7or 30
and 45 minutes, as time duration gap of sacchatifin
condition (i.e. 30 and 45 minutes) has no effectioe starch
means there is no enhancement in malto-dextrinepéage.
Hence it can be concluded that the optimized gefatiion
and saccharification condition for 44 mesh size ramd
parboiled rice is 15 psig for 30 minutes and@7or 30
minutes respectively. It is also noticeable that prercentage
yield of reducing sugar of parboiled rice is highlan raw
rice at different conditions of gelatinization and
saccharification except gelatinization and sacdication
condition of 15 psig for 45 minutes and°67for 20 minutes
respectively.

90 4
80 -
70 4
60 -
50 - @ Raw rice

40 4 m Parboiled rice
30 A
20 -
10

Parcentage(%) of malto-dextrin

Fig 5: Reducing sugar percentage of 60 mesh size Raw and
Parboiled rice at different gelatinization and $efication
condition
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The numbers 1, 2, 3, 4 and 5 in Fig 5 have the same CONCLUSIONS

connotations as in Fig 2.

From figure 5 it is clear that the best yield ofltmalextrin

percentage of raw and parboiled rice i.e. 53.35% 29 %
respectively is obtained at gelatinization conditiof 15psig
for 30 minutes and saccharification condition ofG7or 30

and 45 minutes, as time duration gap of sacchatifin

condition (i.e. 30 and 45 minutes) has no effectioe starch
rice starch means there is no enhancement in rdaktrin

percentage. Hence it can be concluded that thenized

gelatinization and saccharification condition f@r #esh size
raw and parboiled rice is 15 psig for 30 minutesl &7°C

for30 minutes respectively. It is also noticeablatt the
percentage yield of reducing sugar of parboileé i&higher
than raw rice at different condition of gelatinipat and
saccharification.

3.7 Percentage of malto-dextrin by Dinitrosalicylic

acid method

From the data of table: 2, the optimized particie svas 18
mesh parboiled rice. So, Dinitrosalicylic acid nwthwas
performed only with optimized particle size andeypf rice
that was gelatinized and saccharified at optimizaatition.

Standard Dextrose Graph

J

o
o

y = 0.406x + 0.0934
R?=0.993

Absorbance (nm
o
=

o
)

o

0.5 1 15 2 2.5

Concentration (mg/ml)

o

Fig 6: Standard dextrose curve

From the above standard Dextrose curve the caézlitgdlue
of malto-dextrin is 88.63%.

3.8 Percentage of malto-dextrin from proten

separated rice particle

Protein was separated from 18 mesh parboiled sci was
providing the best yield of malto-dextrin at optied
gelatinization and saccharification condition. “iedf malto-
dextrin from protein separated rice particle wagi9%.

An experimental study of malto-dextrin productioarh different
raw and parboiled broken rice particle under défer
experimental conditions was performed. The infleentfat and
protein separation from optimized rice particle vedso studied.
The results have shown that particle size and dfpéce has an
effect on malto-dextrin production. The particleesmay affect
the leaching out of amylose content and thus boEakn of o

(1—4) anda (1-6) linkage also affect.

The optimized particle size and type of rice was rh8sh
parboiled rice. Best gelatinization and sacchaifan was 15
psig for 30 minutes and B2 for 30 minutes. The highest yield
was 90.43%. For fat and protein separated partiobge was
about 4% increase in malto-dextrin production. phecentage of
malto-dextrin is high and the optimized processpaaters can be
used for an industrial production purpose aftestgplant trial.
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