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ABSTRACT

While a high fiber diet helps to prevent colon camdower the risk of heart
disease, and influences metabolic and inflammditoryel disease, such as diabetes and
diverticulitis, the general population still consesndietary fiber at a rate below
recommended levels. Home-made meals are rarely aeeénare being replaced hy
ready-to-cook and ready-to-eat foods. Wheat nopdbelucts have become one of t
food products that are consumed among people ofagioeconomic levels in bot
urban and rural areas of Thailand particularlyhia form of instant noodles and fre
wheat noodles. However, instant noodles, especihky fried type, are sometimes
classified by academics as “not nutritious” dudheir high salt, fat and carbohydr
contents and inadequate fiber. Therefore, manynatie have been made to add dietary
fiber to various noodle products with differentdibsources such as soy bean hulls,
green and yellow peas, lentils, garbanzo bean,fletar However, high levels of naturgl
fiber in foods impart poor texture and mouthfeell ampleasant flavor and odor to the
product. At present, commercial resistant starcB)(Ras captured the attention of fopd
industries for both functional properties and pttdrbenefits that are similar to dietary
fiber. This study aims to formulate resistant dtaeariched fresh wheat noodles and
instant noodles by using commercial resistant btéi-maiz€) in order to increas
resistant starch content to provide health benafitsell as to add value to fresh wheat
noodles and instant noodles. RS was applied byafrsubstituting it for wheat flou
in the noodles formulation. High levels of RS immparation in noodle products caused
adverse effects to the rheological property of meatbugh as well as the quality of
finished product. To improve the quality of RS-ehed noodle products, it was
necessary to add gluten and an additional amounwvatér. Results from produgt
application testing and sensory evaluation indatétat RS could partially substitute for
wheat flour up to 30%. RS-enriched fresh wheat fesodnd instant noodles in th
study had total dietary fiber (TDF) values of 1&&l 16.7 g/ 100g, respectively. This
was markedly higher than the control noodles (aBotitnes). The TDF content of R$-
enriched fresh wheat noodles and instant noodlesalaut 8 g per reference amouynt
which is equals to 33% Thai RDI.

The cost of Hi-maiZ& was relatively higher than the commercial wheati]
However, due to the high TDF content of RS-enrichembdles, they could b
recommended as an alternative food choice for imea@hscious consumers. This, [in
turn, will enhance dietary fiber intake towards takeommended level.
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CHAPTERI
INTRODUCTION

The concept of resistant starch (RS) has evoked m#arest in the
bioavailability of starch and in its usage as arsewf dietary fiber, particularly in
adults. RS is now considered to provide functigmaperties and find applications in a
variety of foods (1, 36).

According to a number of studies, a lower dietdd¥f) intake is reportedly
associated with several disorders of the human badl as diverticular disease, colon
cancer, constipation, ischemic heart disease amer dliseases of the gastrointestinal
tract (1-4). The survey on DF intake in Thai popiola presented varying results.
According to the study on the DF consumption of iTa@olescents in Bangkok by
Uthang, the average intake of DF in males was @r8¢ g/day and the average intake
of DF in females was only 8.88 g/day (5). While teeidy on the daily DF
consumption of nursing students in Kaukarun NurdGwalage by Supingklud was
8.05 g (6). Generally, adolescents and adultserernmended to eat food containing
25 to 30 g of DF daily (7-8).

Currently in modern Thai society, traditional Tiséaples and side dishes are
being replaced by diets containing larger propodiof fats and animal meat, and
smaller proportions of vegetables and fruits. Comtant with these trends is the
selection of food that requires less time and gkilprepare. Home-made meals are
rarely seen and are being replaced by ready-to-andkeady-to-eat foods (9).

Wheat noodle products have become one of the faodupts that are
consumed among people of all socioeconomic levelsoth urban and rural areas of
Thailand particularly in the form of instant nocsllE10-12) and fresh wheat noodles.
The annual production of instant noodles is 1.89dilpacks (13). However, instant
noodles, especially fried type, are sometimes ifledsby academician as “not
nutritious” due to their high salt, fat and carbdigte contents and inadequate of
protein (10). In addition, it contains 2 g of DFILG edible portion (14) or only 4% of

the recommended level of TDF in one noodle packadough, the label on the
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package suggests adding meat or egg and vegetabtegever because of
inconvenience, this suggestion is seldom practideg consumers (11-12).
Consequently, these products sustain limited gritalue.

Many attempts have been made to add dietary fdb&atious food products
such as bakery products, noodles, snack bars vifdranht fiber sources such as soy
bean hull, pineapple core extract, guava pomac@leapomace, etc. (15-18).
However, high levels of natural fiber in foods impgaoor texture and mouthfeel,
unpleasant flavor and odor to the product (19-21).

At present, commercial resistant starch (RS) is ohéhe most interested
fiber ingredients. Initial clinical studies demtnaged that resistant starch has similar
properties to dietary fiber and shows promising ablpgical benefits in human,
which may result in disease prevention (1, 22). llgagion of resistant starch into
food has shown an improvement in eating qualityhsas crispness, appearance,
texture, mouthfeel, color and flavor over produpteduced with traditional fiber
sources (23-24).

Therefore, this study aims to formulate resistaatch-enriched fresh wheat
noodles and instant noodles by using commercigteag starch (Hi-maize®) in order
to increase resistant starch content for providieglth benefits as well as adding

value to fresh wheat noodles and instant noodles.
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CHAPTERIII
OBJECTIVES

General objective
To develop resistant starch-enriched fresh wheatlles and instant noodles
with acceptable sensory characteristics.

Specific objectives

This study aims:

(1) To formulate resistant starch-enriched fresheathnoodles and instant
noodles with acceptable characteristics by usingirgercial resistant starch (Hi-
maize®) as the source of resistant starch.

(2) To determine the physical and chemical propsrtf the resistant starch-
enriched fresh wheat noodles and instant noodles.

(3) To evaluate nutritional values and sensory ptat®lity of the resistant
starch-enriched fresh wheat noodles and instardlaso

(4) To measure the content of resistant starcheweldped resistant starch-
enriched noodle products.
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CHAPTER 111
LITERATURE REVIEW

I ntroduction

Starch, which is the major dietary source of caybloaites, is the most
abundant storage polysaccharide in plants, and®@sugranules in the chloroplast of
green leaves and the amyloplast of seeds, pulsdgubers (25). The relatively recent
recognition of incomplete digestion and absorptbstarch in the small intestine as a
normal phenomenon has raised interest in nondidesstarch fractions (26, 27).
These are called “resistant starches,” and exterstivdies have shown them to have
physiological functions similar to those of dietdityer (28, 29). The diversity of the
modern food industry and the enormous variety ofifproducts it produces require
starches that can tolerate a wide range of pramgssichniques and preparation
conditions (30). These demands are met by modifyisiigve starches with chemical,
physical, and enzymatic methods (31), which mag teahe formation of indigestible

residues. The availability of such starches theesfleserves consideration.

3.1 Structure of starch

Chemically, starches are polysaccharides, they arecomposed of a
number of monosaccharides or sufgucose) molecules linked together witHL—4
and/ora 1-6 linkages. Two main structural types of stagist: amylose which is a
linear a 1-4 molecule and typicallgonstitutes 15-20% of starch, and amylopectin
which is a larger branched molecule withl—4 ando 1-6 linkages and is a major
component of starch (32). Two crystalline strucsuséstarch have beedentified (an
‘A’ and ‘B’ type), which contain differingoroportions of amylopectin. A type starches
are foundin cereals, while B type starches are found in rsitendamylose-rich
starches. A third type called ‘C typappears to be a mixture of both A and B forms
and is found in legumes (33). In generaljgestible starches are broken down
(hydrolysed) by thenzymesx -amylases, glucoamylase and sucrase-isomadhabe

small intestine to yield free glucose thathien absorbed (24).
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3.2 Structure of resistant starch

The resistance of starch to digestion is influenbgdthe nature of the
association between starch polymers, with higheylase levels in the starch being
associated with slower digestibility rates. BothaBd C type starches appear to be
more resistant to digestion with high-amylose mareducing RS which has been
particularly useful in the preparation of foods }3Retrograded starches refer to
certain structural forms of RS. Retrogradation oesamhen starch is cooked in water
beyond its gelatinization temperature and then esholAmylose is found in the
amorphous parts of the starch crystal, while ansdtip gives starch its crystalline
structure. Upon heating with excess water and fiicgntly high temperatures, the
starch crystalline regions ‘melt’. The starch ghasugelatinize and the starch is
subsequently more easily digested. However, thiesehsgels are unstable and upon
cooling re-form crystals that are resistant to bigsis by amylased.€. are resistant
to digestion). Slow cooling of the gelatinized starffavors Type A crystallization
while slow cooling in excess water favors Type Bstallization. This process is
known as retrogradation (33). In general, starclasin amylose are naturally more

resistant to digestion and also more susceptiblettogradation (24).

3.3 Variouswaysto classify native starches

3.3.1 X-ray diffraction

Three types of starches, designated as type A,Byped type C, have been
identified based on X-ray diffraction patterns. $bedepend partly on the chain
lengths making up the amylopectin lattice, the dgref packing within the granules,
and the presence of water (35). Although type A &ypmk B are real crystalline
modifications, type C is a mixed form. The impottéatures of the types of starches
are as follows (36).

Type A. The type A structure has amylopectin of chain lbagif 23 to 29
glucose units. The hydrogen bonding between theoxytl groups of the chains of
amylopectin molecules results in the formation afeo double helical structure. In
between these micelles, linear chains of amyloseetiee are packed by forming
hydrogen bonds with outer linear chains of amyldiped his pattern is very common

in cereals.
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Type B. The type B structure consists of amylopectin aicHengths of 30
to 44 glucose molecules with water inter-spreads Ththe usual pattern of starches in
raw potato and banana.

Type C. The type C structure is made up of amylopectinhafin lengths of
26 to 29 glucose molecules, a combination of typand type B, which is typical of
peas and beans. An additional form, called typ@d¢urs in swollen granules. X-ray

diffraction diagrams of these starches are show#igare 1.

AN \ n i
,_‘Jllr ";{K "‘:‘)’P‘ ~ ':IIIJ .\\“ IJI 'II FI gure 1
. ="~ = RPN X-ray diffraction diagrams of starches:
r‘.
1' i ' type A (cereals), type B (legumes), and type V
= B /\ = I'| ’,'1‘
2] ad N U ;A | (swollen starch, ¥ water- free, { : hydrated)
= s v’: W, W \ |
= A f‘*\ N Source: Sajilata 2006 (36)
A o |I \

T T T T
14 10 153

3.3.2 Based on the action of enzymes

According to Berry (37), starches can be classifeatording to their
behavior when incubated with enzymes without pexjosure to dispersing agents as
follows.

Rapidly digestible starch (RDS). RDS consists mainly of amorphous and
dispersed starch and is found in high amountsarcky foods cooked by moist heat,
such as bread and potatoes. It is measured chémrasahe starch, which is converted
to the constituent glucose molecules in 20 minnalyene digestion.

Slowly digestible starch (SDS). Like RDS, SDS is expected to be
completely digested in the small intestine, but Taoreason or another, it is digested
more slowly. This category consists of physicaligdcessible amorphous starch and

raw starch with a type A and type C crystallinaistinre, such as cereals and type B
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starch, either in granule form or retrograded fanmcooked foods. It is measured
chemically as starch converted to glucose afterthér 100 min of enzyme digestion.

Resistant starch. The term “resistant starch” was first coined by Eag
and others (38) to describe a small fraction afcbtéhat was resistant to hydrolysis by
exhaustive a-amylase and pullulanase treatment in vitro. RSthis starch not
hydrolyzed after 120 min of incubation (27). Howevieecause starch reaching the
large intestine may be more or less fermented &yth microflora, RS is now defined
as that fraction of dietary starch, which escapgsdtion in the small intestine. It is
measured chemically as the difference between tti@ich (TS) obtained from
homogenized and chemically treated sample anduimecs RDS and SDS, generated
from non-homogenized food samples by enzyme dyesti

RS =TS - (RDS + SDS)

3.3.3 Based on the nutritional characteristics

This classification is based on the extent of digdsgy of the starch as
follows (36).

Digestible starches. These include the starches digestible by bodyraesy
namely the rapidly digestible starches (RDS) ardstbwly digestible starches (SDS).
RDS consists mainly of amorphous and dispersedtstédound in high amounts in
starchy foods cooked by moist heat. Like RDS, SB®xpected to be completely
digested in the small intestine, but for 1 reasoarmther, it is digested more slowly.

Resistant starch. RS is indigestible by body enzymes. It has beassified
into four general subtypes called RS1-RS4 (27, Bable 1 outlines a summary of
the different types of RS, their classificationteria and food sources.

RS1 is the term given to RS where the starch is plajlsicnaccessible to
digestion,e.g. due to the presence of intact cell walls in grase®ds or tubers.

RS2 describes native starch granules that are pratdoben digestion by
the conformation or structure of the starch graradein raw potatoes and green
bananas. A particular type of RS2 is unique agtains its structure and resistance
even during the processing and preparation of niaogs; this RS2 is called high-

amylose maize starch.
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RS3 refers to non-granular starch-derived materiakt tiesist digestion.
RS3 forms are generally formed during the retrogtiad of starch granules. Some
examples of RS3 are cooked and cooled potatoesantlakes.

R$4 describes a group of starches that have been cakynmodified and
include starches which have been etherized, estéof cross-bonded with chemicals
in such a manner as to decrease their digestib®i84 may be further subdivided into
four subcategories according to their solubilityvater and the experimental methods
by which they can be analyzed (34).

Although RS is found naturally in all starch-coniag foods, factors which
influence the net amount of RS present includerti@al quantity and type of starch
present, how the starchy food is processed, coakddstored and how it is ingested
(40). As evident inTable 1, RS1 is made less resistant to digestion by miland
chewing, RS2 by food processing techniquss €ooking) and RS3 by the conditions
of food processing useé.g. during the preparation of bread and cornflake$4 Ras
a result of chemical modification, can resist hygss after food processing;
however, this is dependent upon the starch basd, the type and level of
modification. In addition to the structural factonsentioned above whereby the
presence of water and the chemical structure oftstzan influence the amount of RS
present, other factors intrinsic to starchy foods @ffecta-amylase activity and
therefore starch breakdown. These include the foomaf amylose-lipid complexes,
the presence of nativeamylase inhibitors and also nonstarch polysacdeariall of
which can directly affect a-amylase activity (2Fxtrinsic additives may also bind to
starch making it more or less susceptible to degiawl, e.g. phosphorus (41). In
addition, physiological factors can impact the antoof RS in a food — increased
chewing decreases particle size (smaller partiokseg more easily digested in the
gut), while intra-individual variations in transitme and biological factorseg.
menstrual cycle) also affect the digestibility tdrsh. At present, it is not known how

the various types of RS4 are affected by digestiomvo (24).
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Table 1 Classification of types of resistant starch (R®pd sources, and factors

affecting their resistance to digestion in the oolo

Typeof RS  Description Food sour ces Resistance minimized by
RS1 Physically protected Whole- or pantilled grains Milling, chewing
and seeds, legumes
RS2 Ungelatinized resistant ~ wRtatoes, green bananas, Food psimgeand
granules with type B some leganiegh amylose corn  cooking

crystallinity, slowly
hydrolyzed byamylase
RS3 Retrograded starch ooked and cooled potatoes, bread, Processirdjtizors
cornflakes, food products with
repeated moist heat treatment
RS4 Chemically modified BEsan which modified starches Less susceptibl
starches due to cross- velzeen used (for example, digestybifi vitro
linking with chemical breads, cakes)

reagents

Source: Nugent 2005 (24)

3.4 Functionality of RS

RS has a small particle size, white appearancebkamd flavor. RS also has
a low water-holding capacity. It has desirable ptgshemical properties (42) such as
swelling, viscosity increase, gel formation, andtewdinding capacity, making it
useful in a variety of foods. These properties midkgossible to use most resistant
starches to replace flour on a 1-for-1 basis withsignificantly affecting dough
handling or rheology. RS not only fortifies fiberutb also imparts special
characteristics not otherwise attainable in hidgesfi foods (43). The functional
properties and advantages of commercial sourcedRS¥ and RS3 (24) have been
summarized as follows. They are natural sourcescbin flavor, white in color, with
fine particle size (which causes less interferemdth texture). They have high
gelatinization temperature, good extrusion and -fibmming qualities, and lower
water-holding properties than traditional fiber guots. They allow the formation of
low-bulk high-fiber products with improved textuegpearance, and mouth feel (such
as better organoleptic qualities) compared withliti@nal high-fiber products; they

increase coating crispness of products and the biendf breakfast cereals. They are
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functional food ingredients lowering the calorifialue of foods and useful in products
for coeliacs, as bulk laxatives and in productsdmal rehydration therapy. Some of
these properties of RS have been successfully imsadange of baked and extruded
products as described subsequently (36).
3.4.1 RSasatexturemodifier in baked goods
One way to ensure that the general population veseadequate amounts of
fiber in the diet is to fortify good-tasting foottgat normally do not come to mind with
fiber fortification but are often eaten as breakfé#®ms or snacks. RS were
incorporated in a variety of baked goods, many bictv include batter systems, such
as in cakes, cake-like muffins, or brownies. Ineyah application tests showed that
RS acts as texture modifier, imparting a favordblelerness to the crumb. A low-fat,
loaf cake was formulated with RS and various filierebtain approximately 3% TDF
or 2.5 g of fiber per 80 g serving. These incluéged0% TDF RS (Novelose 240
starch), oat fiber, a blend of oat fiber with Naa# 240 starch in a 50/50 ratio based
on TDF contribution, and a 23% TDF RS (Hylon Viaisth). The baked cakes made
with RS were similar to that containing oat fiberdathe control in the amount of
moisture loss after baking, height, specific voly@red density. A panel rated the 40%
TDF RS loaf cakes as the best for flavor, grittsjemoisture perception, and
tenderness 24 h after baking (36).
3.4.2 RSasacrisping agent
Among other functional properties, RS can be usedra ingredient that
improves crispness in foods where high heat isieghib a product’s surface during
processing. French toast and waffles, especialzein reheated types, represent foods
in which surface crispness is desired. Tests wepducted to compare the
functionality of RS and various fibers in a buttdkmvaffle formulation. Based on the
evaluation of the toasted waffles for initial cmgss, crispness after 3 min, moistness,
and overall texture by a trained sensory panel R8levindicated greater crispness
than control or traditional fiber (36).
3.4.3 RS asafunctional ingredient in other foods
Along with textural enhancement, RS can improveagsmpn in extruded
cereals and snacks. Various cereals were formultdedontain 40% TDF RS

(Novelose 240 starch) alone and in combination wdhfiber in ratios of 50/50 and
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25/75 based on weight. The cereal with RS and ndilber had greater volumetric
expansion than the control. In blends with oatrfiltke cereal containing 75% of RS
had better expansion than the one containing or@%0.5Dried pasta products
containing up to 15% RS can be made with littlenor effect on dough rheology
during extrusion. Although the resultant pasta Vigister in color, a firm “al dente”
texture was obtained in the same cooking time @m#&ol that had no added fiber. RS
may also be used in thickened, opaque health bgeerim which insoluble fiber is
desired. Insoluble fibers generally require susjpenand add opacity to beverages.
Compared with insoluble fibers, RS imparts a lessygnouthfeel and masks flavors
less (36).

3.5 Measurement of resistant starch

The main step of any method to measure the cowntfeRtS in foods must
first remove all of the digestible starch from tpeoduct using thermostable-
amylases (44). At present, the method of McCleariM&aghan (2002 and AOAC
method 2002.02) is considered the most reprodueibterepeatable measurement of
RS in starch and plant materials, but it has nehlshown to analyze all RS as defined
(45). It is based on the principle of enzymic diges and measures the portions of
starch resistant to digestion at 37° C that arec&fty not quantitated due to the
gelatinization at 100° C followed by digestion &° €. Table 2 lists the RS contents
from a number of sample foods using this method soutced from McCleary &
Rossiter (44). Two general methods specificallyppsed to determine RS (27,37)
remove digestible starch using different amylasmsd the residual fraction is
quantified after solubilization in 2M KOH. The S§trom and Asp (46) procedure
includes preparation and quantification of dietafiper residue before RS
determination. This is usually done by drying tlemples at 105 °C. As heating
influences the RS content in foods, results maynbdified by this step. A modified
method for measuring RS in dietary fiber residuesmfvarious sources developed by
Saura-Calixto and others (47) involves mixing fibesidues with KOH, acetate
buffer, and HCI. After incubation with amyloglucdase samples are centrifuged and
diluted with distilled water. RS is calculated dsogse (mg) x 0.9. Advantages of the

method are the use of small amount of sample résggents and elimination of drying.
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Table 2 Resistant starch contents of a number of sampldsf@nd commercially
manufactured sources of resistant starch

Food sample RS content (as assessed
using AOAC 2002.02)

Wheat bran 0.42

Rye crispbread 1.20

Kidney beans 5.30

Corn flakes 2.80

Native potato starch 78.10

Cooked and cooled potato starch 3.80

HYLON VII 53.70

Hi-maize 1043 45.70

NOVELOSE 240 46.90

ActiStar 58.00

CrystalLean 40.90

Source: Nugent 2005 (24)
I'n vivo methods

Different methods are used to analyze RS in vivee Of the ways to assay
RS physiologically is to determine starch in theligested ileal content. Terminal
ileal samples can be recovered by intubation anfileostomy bags. The classic way
to substantiate starch digestion is by measurieggligcemic index as described by
Jenkins and others (48). This implies measuringatea under the curve (AUC) of the
serum glucose concentration over the first 2 tr @ftieninistering a starch and dividing
this by the serum glucose response after consumpfian equal amount of glucose.
Determination of breath hydrogen (breath tests)atan be used as a semiquantitative
measurement for RS. In a study on effect of RS aman colon, increased
fermentation was verified by elevated breath hydrogxcretion (49). From the
different animal models, the antibiotic-treated maddel is the one commonly used
(50).

3.6 Digestibility, energy value, and RDA of RS

RS is highly resistant to mammalian enzymes. Iraeproducts, the RS
fraction is not digestible both in vitro and in @if51). Four different RS fractions
have been identified in cereal products: nativechtaetrograded amylose, the amylo-

lipid complex, and encapsulated gelatinized sta#dter reaching the large intestine,
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the RS fractions are fermented by the colonic flogaulting in short-chain fatty acids
(SCFA). SCFA profiles derived from RS are loweraicetate and higher in butyrate
than those of conventional fibers. The SCFA aresa@rgy source for colonic cells
(butyrate) and to the body as a whole (acetatepampionate). Maize starch acylated
with acetic, propionic, or butyric anhydride are@RS and raise large bowel SCFA,
apparently through bacterial release of the esdrifatty acid and fermentation of the
residual starch (52). Some sources of RS seem lesbeavailable for fermentation, as
has been observed in some chemically modified ls#taras well as RS in arepa (high
corn meal bread). Feeding trials on Himalaya 292ukess barley cultivar with a
higher RS content, also have resulted in high gwél SCFA in feces (53). Most
studies indicate that 30% to 70% of RS is metabdli23, 54-57), while the balance
is excreted in the feces. The variability is laygelue to effects caused by the
malabsorption of the ingested starch. In humanesid)j replacement of 27 g of
digestible starch by RS (raw potato starch) in raglsi meal lowered diet-induced
thermogenesis by an average of 90 KJ/5 h (58)udystvas designed to compare the
metabolizable energy of 2 starch sources, standardstarch and high amylase
cornstarch (56). Based on energy intake and fexalegon from all subjects, the
partial digestible energy value for the RS averabed KJ/g RS, which was 67.3% of
the energy of standard cornstarch. Control and fy@a@inemic subjects differed in
their ability to digest RS, averaging 81.8% an®29%3. respectively. RS averaged 2.8
kcal/g for all subjects but only 2.2 kcal/g in thgperinsulinemic subjects. This
enables the use of RS in reducing the energy \@ldeods. Approximately 20 g/d is
recommended to obtain the beneficial health benefiRS.

However, worldwide, dietary intakes of RS are bal@ to vary
considerably. It is estimated that intakes of RSdaveloping countries with high
starch consumption rates range from approximatelyo340 g/d (59). Dietary intakes
in India and China were recently estimated at XD ¥hg/d (60, 61). Intakes in the EU
are believed to lie between 3 and 6 g/d. Dietatgkies of RS in the U.K. are estimated
at 2.76 g/d and are believed to range from 5 téd7rgAustralia (59). In Sweden, the
daily RS intake is estimated to be 3.2 g (62). Bwi\Zealand, RS intakes have been
approximated to be 8.5 g/d and 5.2 g/d in 15- teyd&-old males and females,
respectively (63).
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3.7 Physiological effects of resistant starch

A number of physiological effects have been ascdrifeeRS and are listed in
Table 3 and will be described below. RS, by escaping digesn the small intestine,
has few interactions with other components of thpewn gastrointestinal tract. It is
fermented in the large intestine resulting in thredpction of such fermentation
products as carbon dioxide, methane, hydrogen,nargacids €.g. lactic acid) and
SCFA. However, RS ibelieved to result in only a modest productionedfsegases
compared with other non-digestible oligosaccharidiescto-oligosaccharides and
lactulose (64). SCFA produced include butyratetateeand propionate, and it is
thought that these SCFA in particular mediate tffects of RS, rather than RS

exerting a physical bulking effect (65).

Table 3 Physiological effects of resistant starch

Potential physiological effects

Conditions wher e there may be a protective effect

- Improve glycemic and insulinemic
responses

- Improved bowel health

- Improved blood lipid profile

- Prebiotic and culture protagonist

- Increased satiety and reduced energy intake
- Increased micronutrient absorption

- Adjunct to oral rehydration therapies

- Synergistic interactions with other dietary
componentse.g. dietary fibers, proteins, lipids

- Thermogenesis

- Diabetes, impaired glucose and insulin
responses, the metabolic syndrome

- Colorectal cancer, ulcerative colitis,
inflammatory bowel

- Cardiovascular disease, lipid metabolism, the
metabolic syndrome disease, diverticulitis,
constipation

- Colonic health

- Obesity

- Enhanced mineral absorption, osteoporosis

- Treatment of cholera, chronic diarrhea

- Improved metabolic control and enhanced
bowel health

- Obesity, diabetes

Source: Nugent 2005 (24)

3.7.1 The effects of resistant starch on short chain fatty acid production

Resistant starch can increase the production ofAS@td therefore may

help improve colonic health. Animal studies in pégsl rats have reported that feeding
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RS increased the caecal and fecal production af ®FA and also the individual
concentrations of propionate, butyrate and acd@fie 67). In most human studies,
increased fecal excretion and/or fecal concentmataf SCFA were reported following
supplementation with RS (57, 68-71). However, d@ipancies have been observed
with respect to effects on the individual SCFA amdeed no effect was observed in
the study of Hylleet al. (49). These differences are most likely due sekperimental
method used, the source, type and amount of R&jndtvidual variations in length of
transit time and on the duration of feeding. Intipatar, RS2 (from raw potato starch)
is reported to increase the concentration of btgyna humans and rats (57, 66, 67,
72), while RS3 (retrograded starch) is reporteshéoease the concentration of acetate
in pigs (72), but not in humans (57). It has alserbreported that sufficient time for
microbial adaptation is necessary before chang8€irA will be observed (33).

3.7.2 Experimental measures used in studies of resistant starch and colonic
function

In the interim, a large number of animal and hurstadies have attempted
to investigate the effects of RS on colonic funttitn general, these studies have
tended to look at two main areas: outcomes of ectal neoplasia and markers of
colonic function and colorectal cancer (36). Comimomeasured outcomes of
colorectal neoplasia include:

* tumor formation;

* tumor size and incidence;

» cell proliferation;

« formation of DNA adducts;

* the presence of aberrant crypt foci;

* apoptosis.

Aberrant crypt foci (ACF) are precursor lesionscoforectal cancer, which
can be identified under a microscope and have lieemd to correlate with colon
cancer risk, and adenoma size and number in hunidx&. adducts are complexes
formed from the reaction of toxic chemicals or theietabolites with cellular DNA.
The presence of DNA adducts reflects exposure tactehemicals and their
bioaccumulation throughout life: in the colonic rosa increased levels are thought to

result in increased cancer risk (73). However, eame have been raised concerning
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the sensitivity and specificity of the analyticachniques for detecting these DNA
adducts. Maintenance of epithelial mass is impot@anregulation of normal colonic
function and hyperproliferation (cell overgrowthayresult in an increased risk of
colon cancer development. Epithelial cell prolitera activity is thought to be an
intermediate risk marker for colorectal cancer (@d) its exact usefulness as a marker
of colonic cell function is unclear and results afien difficult to interpret.

Other measured markers of colorectal cancer arahimofunction are:

» SCFA production (particularly butyrate);

« fecal pH;

« ammonia and phenol concentrations;

» fecal weight and output;

 secondary bile acid excretion;

* cytotoxicity of fecal water;

* transit time;

* activity of bacterial enzymes and microbial paiidns.

In general, improved colonic function is associavath increased SCFA
production, lower pH, lower production of ammonraghenol, decreased secondary
bile acid excretion, reduced cytotoxicity of fecahter, reduced transit time and
altered bacterial activity. The benefits impartgdSCFA have already been discussed.
A lower pH is thought to depress the conversioe K&t primary to secondary bile
acids and lower their carcinogenic potential. Femtmore, a low (acid) pH in
combination with high concentrations of SCFA isubbt to prevent the overgrowth
of pH-sensitive pathogenic bacteria (33). Phendl @mmonia are products of protein
fermentation and reduced concentrations indicaleaeased reliance on protein for
colonic fermentation and possibly a shortened tramse (73). Reduced activity of
certain bacterial enzymes.g. b-glucuronidase) depresses the formation of towit a
carcinogenic metabolites from dietary and endogsmmmpounds (73). The effect of
RS on the activity of microbial populations will descussed later (prebiotics).

3.7.3 Animal studiesof resistant starch and colonic function

Studies examining the effect of RS on colonic fiorctand colon cancer

development in animals hagenerally focused on pigs, mice and rats, and baed

experimentally induced colon cancer (usuallysing dimethylhydrazine,
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azoxymethane) or colitiusing dextran sodium sulphate) or genetic modéls o
intestinal tumors €g. Min mice). As presented ifable 4, animal studies would
suggest that RS appears to have a protective @ffectarkers of colonic functior.(.
SCFA concentrations, pH, etc.)(66, 75-82). Resargsless clear with respect to tumor
formation, size, cellular proliferation and DNA dage (78, 83-86). Differences in
results may be in part due to the animal modelstgpds of carcinogens used, the
different types of RS (RS used was mainly RS2 oB)R# even the different feeding
regimens. Further research is needed using ditfaygres and mixes of RS, and
examining any potential interactions between RS @&hdr macronutrients commonly
found in the dietdg. protein and fat). Interestingly it would appearttfeeding RS at
high levels, in combination with other dietary mamutrients may also directly affect
outcomes (87, 88)

3.7.4 Human studies of resistant starch and colonic function

A limited number of studies have investigated tffeats of different types
of RS and colonic function in humans; summariethefmajor studies are presented in
Table 5. Positive effects of supplementation with RS haeen observed in most
studies examining transit time (49, 71) and fea#pot and/or bulk (49, 57, 71, 75,
89-91). In addition, most authors reported a sswdlening effect. A limited number
of studies have examined the effect of RS on aallpfoliferation and DNA damage.
Only Van Munsteset al. (89) reported a small decrease in cellular peadifion, while
three other studies have showed no effect (7499, Clearly, there still remains a
need for further research into the effects of R&wman colonic function and markers
of colon cancer risk. It is difficult to explaindhdiscrepancies between the studies;
however, there were large variations in study sangpte, duration, dose of RS and
even form of RS.

In conclusion, it would appear that RS can impr@estain markers of
colonic function in humanse@. increase fecal output, fecal bulk and transit time,
decrease pH and ammonia levels, increase SCFA aockase bile salts in fecal
water) (57, 68, 71, 74, 89, 91, 92, 94, 96).Moreeagch is needed to elucidate the
exact effects of RS on cellular and molecular fioms before a direct protective effect

can be determined.
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3.7.5 Resistant starch and inflammatory bowel disease, diverticulitisand

constipation

A limited number of studies have examined the paebenefits of RS in
ameliorating the symptoms of inflammatory boweledises such as ulcerative colitis.
SCFA enemas can be used to treat ulcerative cailittuman patients therefore in
principle, if RS increases SCFA production it magve a useful adjunct to traditional
treatment regimens. Based on this hypothesis, R®&an studied (and is sometimes
used) as a treatment for ulcerative colitis. Tlabes on thein vivo generation of
SCFA and butyrate to treat the ulcerations. Indiuely of Jacobasaah al. (97), RS-
fed rats showed earlier improvements in histoldgioarkers of inflammation and
normalization of cell functions such as activatioh colonic cell proliferation,
restoration of apoptotic responses and uptake 6iAS@ addition, RS also enhanced
the growth of intestinal bacteria presumed to primrwealth (97). Similarity in the
study of Moreatet al. (98), RS-rich diet improved caecal and distal mascopic and
histological observations and increased caecalldevk butyrate compared with a
fructo-oligosaccharide-rich diet and the contratdiRS and fructo-oligosaccharide-
free) (98). Therefore, it would appear that RS canfer some healing properties in
the management of inflammatory bowel disease, adtlen rats, however, data in
humans are lacking. There is a lack of studiesngshe potential benefits of RS in
the management of diverticulitis and constipatibowever, due to the beneficial
effects of RS supplementation on stool bulk, stombsistency and transit time for
example, it is possible that increasing dietarghes of RS may help ameliorate these
conditions. Indeed a number of over the countedyets for bowel health are now
available. It is possible that by combining RS wather forms of dietary fiber, it may
have more favorable effects on bowel health tharseming RS or dietary fiber alone.
A recent study by Muirt al. (71) suggests that the health benefits of RS lman
maximized when given in conjunction with differéppes of dietary fibers.

3.7.6 Resistant starch and colonic microflora: prebioticsand probiotics

RS appears to function as a prebiotic and symb(@®® 100). Studies in
humans and pigs have revealed that consumptiongbfRS diets result in a time-
dependent shift in fecal and large-bowel SCFA peefisuggesting a change in the

autochthonous (local) microbial population and tiR$ could interact with gut
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bacteria (65, 101). It is thought that RS may ast aa feeding substrate for
Bifidobacteriain vitro (100) and that it may provide protection to theaetériain vivo
as they travel through the upper gastrointestirzadt t(100-103). However, there is a
lack of data relating to the efficacies of the indual types of RS. There are
shortcomings with using probiotics to promote gealth: only a small proportion of
ingested organisms reach the colon intact and pragiotic consumption decreases
the organisms are washed out of the gastrointédtiaet (65). RS may safeguard
against these losses by providing physical praiecnd by slowing the rate at which
the bacteria are lost once probiotic consumpti@ses (101). However, more research
in humans is needed, particularly with respecth® doses of RS needed and the
differences in efficacy between the different typé&S. In addition to these prebiotic
effects, RS also appears to exert other health-ptiogn actions on gut health. RS
(high amylose starch) supplementation, in assaciatith oral hydration therapy, is
reported to reduce fluid loss and halve recovengtivhen fed to people with cholera-
induced diarrhea (104-106). It is thought that R&®yronfer these benefits through
increased fluid absorption as a result of great€FA production (65). SCFA
stimulate water and cation (sodium, potassium,iwalg uptake in the proximal colon
and, through their action on muscular activity ddod flow in the colon, may
directly reduce the severity of diarrhea. Howeweore research is needed to clarify
the exact role of RS in the treatment of diarrhed @& mechanisms of action.
Furthermore, the efficacy of the various types 8fiieeds to be established.

3.7.7 Resistant starch and metabolic responses

Consumption of soluble fiber can confer benefitheart health, influencing

both lipid and glucose metabolism. RS shares sanamn properties with soluble
dietary fibers insofar as it is poorly digestedhe small intestine and largely digested
and metabolized (fermented) in the colon relea8@d-A. However, unlike soluble
fiber, the fraction of RS arriving at the colon m®t viscous, it can easily be
incorporated into most starchy foods in the dietl & considered more palatable
(207). A significant number of studies have examdiménether RS affects lipid and
glucose metabolism (including glycemic index), gryexpenditure and macronutrient

oxidation.
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3.7.8 Resistant starch and lipid metabolism

As is evident inTable 6, RS appears to particularly affect lipid metalmlis
based on studies in rats where reductions in a ruwitmeasures of lipid metabolism
have been observed. These include total lipidsal toholesterol, low density
lipoproteins (LDL), high density lipoproteins (HDLyery low density lipoproteins
(VLDL), intermediate density lipoproteins (IDL), igiycerides, triglyceride-rich
lipoproteins. In these studies, reductions of ug2e32% in plasma cholesterol levels
and 29-42% in plasma triglyceride levels were notedhe study of Younest al.
(108), RS was more effective than the drug chotastyne (a bile sequestrant) in
lowering plasma cholesterol and triglyceride levd®S has also been shown to be
effective in lowering plasma cholesterol levelganetically obese and lean rats (109)
and in diabetic rats (110). Some earlier studielsumans reported a beneficial effect
of feeding RS on fasting plasma triglyceride andlesterol levels (94, 111, 112),
however, it would appear that RS does not affetdl thpids (55, 91, 94, 113),
triglycerides (91, 94, 113-116); HDL or LDL (91,,9413) or VLDL levels in humans
(55, 94). Therefore, on balance RS does not afgpeafluence these markers of lipid
metabolism in humans.

3.7.9 Resistant starch and insulin and glucose metabolism

RS-rich foods release glucose slowly and theredoieewould expect this to result in a
lowered insulin response, greater access to andfustored fat and, potentially, a
muted generation of hunger signals. Not only wotkldse conditions help in the
management of clinical conditions, such as diabates impaired glucose tolerance,
but also possibly in the treatment of obesity amdveight management. There have
been a number of studies examining the effectsadbus forms and doses of RS on
glucose (glycemic) and insulin (insulinemic) respes Most studies in humans have
focused on postprandial glycemic and/or insulinengisponses and have varied in
guality (see below). There is a lack of consensganding the precise effects of RS on
insulin and glucose responses: 15 studies havertegp@an improvement in these
measures following the consumption of a RS-ricl-tesal (115, 117-129), while 10
have showed no, or a physiologically irrelevaneetff(58, 91, 94, 112, 114, 130-133).
It is noteworthy that, to date, there are no repoftRS worsening insulin and glucose

responses.
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Table 6 Summary of the effects of resistant starch (RS) noarkers of lipid

metabolism in animals (A) and humans (H)*

Parameter RS exerted a positive effect RS had no effect

Triglycerides De Deckem al.(1993,1995)(A) Van Ameslvoort&Westrate(19®D

Total cholesterol (total lipids)

High density lipoproteins

Low density lipoproteins

Intermediate density and/or very
low density lipoproteins

Triglyceride-rich lipoproteins

Verbeelet al. (1995) (A)
Younest al. (1995) (A)
Cheng & Lai (2000) (A)
Lopezet al. (2001) (A)
Kishidaet al. (2001) (A)
Hanet al. (2003a, 2003b) (A)
Behallet al. (1989) (H)
Reisert al. (1989) (H)
Noaket al. (1996) (H)

Mathet al. (1993) (A)
De Deckeret al. (1993) (A)
Verbeelet al. (1995) (A)
Younest al. (1995) (A)
Cheng & Lai (2000) (A)
Kimet al. (2003) (A)
Kishidaet al. (2001) (A)
Lopezet al. (2001) (A)
Kimet al. (2003) (A)
Hanet al. (2003a, 2003b) (A)
Reisert al. (1989) (H)
Behallet al. (1989) (H)

Haet al. (2003a, 2003b) (A)
Younest al. (1995) (A)
Kishidaet al. (2001) (A)
Noaket al. (1996) (H)
Heijnenet al. (1996) (H)
Jenkingt al. (1998) (H)

Haet al. (2003a, 2003b) (A)
Younest al. (1995) (A)
Kishidaet al. (2001) (A)

Hetral. (2003a, 2003b) (A)

Kishidet al. (2001) (A)
Younest al. (1995) (A)
Lopezet al. (2001) (A)

Kimet al. (2003) (A)
Rabest al. (1994) (H)
Behall & Howe (1995) (H)
Heijneret al. (1996) (H)
Rabest al. (1997) (H)
Jenkirsal. (1998) (H)

De Deckeret al. (1995) (A)
Kishidaet al. (2001) (A)
Behall & Howe (1995) (H)
Noakest al. (1996) (H)
Heijneet al. (1996) (H)
Jenkinst al. (1998) (H)

Cheng & Lai (2000) (A)
Lopezt al. (2001) (A)
Kimet al. (2003) (A)

*A positive effect refers to an increase in the @amtrations of high density lipoproteins but a dase in the
concentrations of all other parameters.

Source: Nugent 2005 (24)

In general, positive effects were usually obsersteartly §.e. within the first

2-8 h) after the high RS-meal (134). It would adgpear that RS consumption may
confer a small decrease in postprandial glycemia, ib associated with more
physiologically significant reductions in postpraaddnsulinemia. From these studies
it was concluded that RS must contribute at led%b df total starch intake in order to

confer any benefits to glycemic or insulinemic @sges (127, 134, 135)able7 lists
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the studies analyzed. Difficulties arise when tgyto compare these studies as the
composition of the test and control meals ofteryvarterms of amount of digestible
starch, total dietary fiber and macronutrients @nés Most food sources contain
digestible starch as well as RS, yet often theardndf digestible starch is overlooked
(136). Problems also arise when studies fail tocm#e test meals for total dietary
fiber content, fat content of a meal, physico-cleahproperties of foods (can directly
affect the amount of RS present), the effects tihgaliets rich in RS on long-term
glucose responses and insulin sensitivity etc 114, 137-139). There is also a lack of
information available regarding the influence otrhcally modified RS on insulin
and glucose metabolism (116).

3.7.10 Resistant starch and macronutrient oxidation, satiety and weight
loss

A number of authors have examined the potential R8 to alter

macronutrient and in particular fat oxidation. dtproposed that eating a diet rich in
RS may potentially increase the mobilization anel ofsfat stores as a direct result of
any reduction in insulin secretion (140). Experitadg, this is indicated by a reduced
respiratory quotient (RQ). RQ is a relative measifrexygen uptake and is indicative
of the use of fat/carbohydrate as fuel whereby gh HRQ is reflective of high
carbohydrate oxidation. Studies to date in humamslavindicate that diets rich in RS
do not affect total energy expenditure, carbohy@atidation or fat oxidation (116,
132, 141, 142). Although in the study of Taglialetial. (141) the authors found that a
RS-rich meal resulted in a short-term reductioglircose oxidation and diet-induced
thermogenesis and an increase in fat oxidatiorsetledéfects were lost after adjusting
for total carbohydrate intake. Animal studies iradéc that feeding high doses of RS
may decrease adipocyte cell size (143-146) andrldatepad weight (143). RS was
also shown to reduce the activity of lipogenic eneg such as fatty acid synthase (the
rate limiting enzyme in fat synthesis) (108), ariek texpression of the protein
responsible for insulin stimulated glucose upta&eWT-4) in these animals (144). As
hypothesized by Higgins (146) this may imply thegtl€ast in rats) a high-RS diet may
reduce the initial increase in plasma glucose aodesterified fatty acids levels,
naturally observed after eating a food, and assaltrattenuate glucose uptake and

lipogenesis in the adipocytes.



M.Sc. (Nutrition) / 29

Fac. of Grad. Studies, Mahidol Univ.

(¥'2) 5002 WabNN :821n0S
*90uaJayIp JuedlIubIS-uou ‘aSN

‘paldasaus)nsal Jo painseaw Jou Jalawesed sajedlpul —
"AJuo xapul 21Wd2A|6 se painseauwlj
‘10U pIp ZSY Seaudpayo ue pey £SY "AJUo uona19as ulnsul yreusileulin e Buisn painseaw sem asuodsal ulnNsu|§

anagelp Jo oiwaulnsuadAy ‘(gz < xapul sseagfpybiamiano atam dnoib Apnis ayl 1eys salesipult

[9783] UINSUI 10 8s02N|B Ul SaouUaJayIp URdIWBISIaM 818Y) |[elaA0 INg ‘sjulod-awin A/eaA®mPQO aJ9M UINSUl pue 8s0oN|B Ul Sasealdap [[ews ]
‘JuswaJinseaw [elpueidisod e saresipul,

«(002) '[e ¥OISaN
x(866T) " BUDUSL
x(966T) '[e B3 eoN
x(G66T) ‘e ®aulieH

«(V66T) ‘e weyreuebuey
«(E66T) HOOAS|SWY UBA 7 IFA\\
«(Z66 TR\ PLOOAS[DWY UBA
b+«(686T) ‘Te WosIay
1«(¥86T) "[e Ieppoo

x(¥002) ‘'[e ®eISeN
x(866T) "[e BUBUSL
x(966T) ‘e 1BaxeoN
«(S66T) ‘e ®usulioH

«(¥66T) ‘e Weyreuebuey
+(£66T) LIOOAS|SWY URA 79 91RNSON
+(266T) 21e1ISO/\ PLOOAS|BY URA

b1«(686T) "[e masIay
1«(¥86T) ‘T meppoD

+«(200UoslyIeH 3 |leyag

«(T002) "Te ®lueqens

«(666T) '[e B9|qa0H
x(£66T) 'fe miagey
«(66T) "fe mINOYyoY
8+(S66T) e B00Y 8
«(S66T) '[e BploJUEID
«(G66T) "le ’sauIAg
+(766T) 'fe wagey
«(766T) ‘e 1B01agal|i
«(266T) »oJolg 7 wjoH
«(886T) '[e HIeyag
asN

+(£002) "Te miosuaqoy
+(2002) "Te wuosIepuy

1x(2002) yosuieH % |reyag

«(T002) "Te relueqens
+(0002) "Te ¥ )uUoA
«(666T) "¢ PBI8|ga0H
x(£66T) '[e BUBgEY
«(L66T) "fe BINOYOY

1(S66T) " BSEIT
«(S66T) "[e BIpBJURID
«(G66T) "[e Bsaulhg
«(766T) e BUagey
«(¥66T) e B biagal|i
«(266T) »ou0lg 7 wjoH
asN

1+(/86T) "[e BSMOoZaly

sasuodsal ulnsuj

ssauesioon|9

sasuodsal ulnsuj

sasuodsal 9s0dN|9

UO 109)18 OYJIeIE JUR]SISaYy

pasealoap Yyoiels Juelisisay

suewusgsuodsal ulnsul pue 8soon|b uo (SY) yosassisal Jo S10ae ayl buluiwexa saipnis jo Arewwns / a|ge L



Napapori Sermsai Literature Review / 30

In other words, RS may result in a smaller fat pee@ and/or mass due to
reduced glucose uptake and lipogenesis by the efiég. dHowever, no information
exists regarding RS and adipocyte size and fundtiohumans, and more animal
studies are needed. Any food/food ingredient thatincrease satiety may play a vital
role in weight-loss diets. Some studies have exaththe potential of RS as a satiety
agent. These appear to show a weak or no assockaioveen RS and satiety over the
course of several hours or an entire day. de Rbak (147) reported that long-term
consumption of RS was more satiating than glucbsethe effect was small and did
not affect daily caloric intake. Andersaat al. (128) reported that high-RS meals
caused less satiety than low-RS meals at 1 houripgsstion, while in the study of
Skrabanjeet al. (126) human volunteers reported that breadsimi¢®S (sourced from
buckwheat groats) imparted greater satiety thanewsread, but only between 70 and
120 min post-meal. RS did not affect satiety in shedies of Holm & Bjorck (117),
Westrate & van Amelsvoort (131) or Meangteal. (148), but resulted in satiety in
those of van Amelsvoort & Westrate (149), Rakeal. (115), Skrabanjat al. (126).

It is noteworthy that these studies also showece@edse in blood glucose levels
following the consumption of a high-RS meal; theref it would appear that satiety is
closely linked to blood glucose levels (134).

Future studies need to objectively measure safietiy account for changes
in blood glucose levels using standardized testisrmeatched for macronutrients and
fiber content but containing different levels of RS

3.7.11 Other health benefits associated with resistant starch

Resistant starch is reported to enhance the ilesdration of a number of
minerals in rats and humans. Younes (108) repoaedincreased absorption of
calcium, magnesium, zinc, iron and copper in r&d RS-rich diets, in contrast
Kishida (146) reported no effect. In humans, theffects appear to be limited to
calcium (150, 151). RS may therefore improve tlealilabsorption of a number of
dietary minerals but any effect in humans is likielyoe small.

More recently RS has been reported to influence umen function,
particularly the production of a number of pro-amfimatory cytokinese(g. tumor
necrosis factor alpha) and the expression of a eurnob receptors on T- and B-

lymphocytes and macrophages that are requiredh&initiation of immune responses
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[cluster of definition 3 (CD3), CD4, CD8, lymphoeyfunction associated antigen-1
(LFA-1), intercellular adhesion molecule-1 (ICAM;Mac-1] (152, 153). If RS can
beneficially modulate immune function it could immpeaeal benefits to patients with
inflammatory bowel disease. Therefore, the immurtmtatatory potential of RS,

particularly on gut-associated immune cells, wagdmrther research.

3.8 Labeling and legislation of fiber and resistant starch

At present, there is no legal definition for RS amith respect to labeling,
RS falls under the remit of dietary fiber. Severauntries including the USA, UK,
Australia, Canada, Denmark, Finland, Italy, Sweded Japan use the AOAC method
985.29 (154) for measuring and labeling the diefdrgr content of foods. As this
method accounts for some of the RS present withmald$, part of the published value
for fiber will include RS, if present. The UK haaditionally used the Englyst method
(27) for determining dietary fiber; this method daet measure RS present in foods.
Although, the Food Standards Agency (UK) now recands that industry use the
AOAC method (which does measure some RS), prob&rses as the UK government
recommendations for population dietary fiber intakeae still based on the Englyst
method. In addition, the existing UK food compamititables list dietary fiber values
as measured by the Englyst method. These food csitiggotables are used by health
professionals, some food manufacturers and cateruiligts to determine the fiber
content of foods and diets eaten. The agreed engigge for carbohydrates is 4 kcal
/g. In Europe, the Nutrition Labeling Directive doeot specify an energy value to be
used for fiber, and the value is therefore considdo be zero (32). In Australia and
Japan, dietary fibers have been assigned highegemalues (of 1.8 kcal/g and 2
kcal/g), respectively. In the USA, labeling of tothetary fiber is mandatory. The
labeling of soluble and insoluble dietary fiberojgtional and a labeling scheme has
been defined whereby the energy value assignawstduble fiber is 0 kcal/ g and the
energy value for soluble fiber is 4 kcal/ g.

Currently, non-modified resistant starches are icd@ned safe under existing
food classifications and legislations in the US amdEurope. In Europe and the EU,
chemically modified starches are regulated as reatliftarches under the European
Parliament and Council Directive 95/2/EC in Eurapel under 21 CFR 172.892 in the
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US. Canada has a distinct legislative process lfancael dietary fiber, however, as
yet resistant starches have not been evaluatednada and cannot be claimed on the
product label.

Globally, there is increasing interest amongst mecturers of commercial
sources of RS in labeling foods rich in RS. Thismainly due to the desirable
properties associated with foods rich in RS: tpeiential health benefits and lowered
food energy value in foods where RS replaces dlgesttarch. Both are of interest to
food manufacturers who wish to include RS as anentignt in low-energy and low-
carbohydrate foodstuffs and slimming/‘diet’ prodsicthe US allows manufacturers to
label foods with terms such as ‘resistant’ or ‘geltible’, but they must clearly label
the legally approved name of the correspondingckés. The US also allows self-
declared ‘structure-function’ claims without restion (e.g. fiber maintains bowel
regularity), but restrictions exist regarding ‘hbalclaims linking food substances
with diseasesgg. antioxidants may reduce the risk of cancer).Thésiens must be
supported by scientific factual evidence. In costtia the EU, no distinction between
structure-function and health claims is made, andeu current regulations, no
preventative, curative or disease treatment priggetan be assigned to particular
foods (32). Proposed EU legislation would allowritian and health claims, but only
for certain categories. With respect to label ckaom RS rich foods in Europe, much
will depend on the final details of these new ragjohs.

For food labeling purposes, producers and reguddiost need an agreed
definition and method of analysis for both dietéiber and RS. The use of different
methods of analysis of dietary fiber makes compassof the fiber content of
foodstuffs difficult between countries. With respex RS, an agreed method is needed
that is robust, reproducible, repeatable and singplmplete. Consensus on such an
agreed method is likely to be hotly debate as theumt of RS in foods will continue
to be affected by external influences such as @egfeipeness, transit time, extent of

chewing (24).

3.9 Resistant starch & Food application
In 1998, Gomolmanee studied supplementary use eistamt starch

(Novelose® 330, 30% total dietary fiber, RS3-typstragraded/non-granular by
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National Starch & Chemical Co) in noodle productgls as alkaline noodle, rice
noodle and mungbean starch noodle in order to aseralietary fiber. Wheat flour
noodles, rice noodles and mungbean noodles wergtisued 15%, 15% and 20%
respectively that were accepted by sensory test nat significant differences (p>
0.05) (155).

At the present, commercial resistant starch islabks and is called Hi-
maize® (60% total dietary fiber, RS2-type granuldich is developed by National
Starch & Chemical Co to withstand not only attaaik,human digestive enzymes but
also food processing conditions (23, 24).

Hi-Maize® comes from a high amylose maize (80% a®g) developed
and grown in Australia. Because this starch hasallsand fine particle size, bland in
flavor, white in color, and absorb less water thmany other fibers, it can be
formulated into many baked products without adJgrséfecting their organoleptic
properties (taste, texture and appearance). Hiefaizan be added to foods such as
bakery products, bread, breakfast cereals, pasta@wdles, snack foods, soups, cereal
drinks, yoghurt and certain dairy products (23, 24)

Positive results in applications suggest that stast starch can serve many

purposes in development of healthy food products.

3.10 Noodle products
Definition

Noodles are one of the whole range of pasta pred{gy. spaghetti and
macaroni) with the original dating back to thetfiBsC.(156) and are favored by Asian
consumers for their simple preparation process, ¢oat and easy cooking (157).
Noodle products are defined in Code of Federal Réign (CFR) as “the products
prepared by drying formed units of dough made fsmmolina, durum flour, farina
flour, or any combination of two or more of thesath liquid eggs, frozen eggs, dried
eggs, egg yolks, dried yolks, or any combinatiortvad or more of these, with or
without water, and with or without one or more lo¢ toptional ingredients specified in
the CFR.”(158). Noodles can be categories by matwf:g process into 3
categories, fresh noodles, cooked noodles andabglles. According this study, fresh

wheat noodles and instant noodles (deep-fried dogles) were investigated.
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Fresh wheat noodles

Fresh noodle is the dough that passed the stripeebgs but did not pass the
preserved process, have a few days shelf-life.

I nstant noodles

Instant noodles, mainly made from wheat flour oenll of rice and
mungbean flours, are sold in single servings inches or cups, with a separate sachet
containing the seasonings. Unlike traditional nesdihich have to be boiled for 10-
15 minutes to gelatinize the starch, instant naa@diee prepared by adding boiling
water. They are ready for consumption in 3-5 mihe Bteaming and frying process
during instant noodle production gelatinize therddtaand allow it to be consumed
after rehydration (159-162).

3.11 Noodle ingredients and their function

- Flour and starch

Wheat flour is one of the main ingredients of nesdland wheat quality
greatly influences the final product. General foussed include dark northern spring
(13% protein), hard red winter (11.5 to 13.3% protand Australian standard white
(10% protein). For Thailand, all purpose wheat flaontaining 10-11% protein is
suitable for making noodle products. Noodles alsota@in starches that contribute to
texture improvement. Potato, waxy corn, barleye rand tapioca are often used.
Modified starches are used in some applicationsaume they are acid resistant, heat
resistant, display less retrogradation, and exkjibitd water-holding (160, 163).

a. Wheat flour

Wheat flour is a powdery substance produced bylfimgginding wheat
through a process called milling. It is used in snéod products such as bakery and
noodle products. Flour is composed of starch, prptad small amounts of fat, sugar,
and minerals. The protein in wheat flour is caliaten. It forms the framework of the
baked products and makes the dough sticky. As tkmgnof the dough proceeds, the
gluten in the flour becomes elastic and pliable.ewkhe dough is heated, the gluten
coagulates, or become firm. It forms, along witke tstarch, the structure of the
product. All flours do not have the same amourglofen. Flour with very little gluten

called soft flour is milled from soft white whe&oft flour is particularly good for
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making cookies and cakes. High protein conteras l® hardness of texture and
coarseness of internal grain and surface appear@mcéhe other hand, if the flour is
decreased too much, as when large amounts of ergiangredients are added, the
products will lack body and become too fragile (162, 163).

b. Starch

Starch is the most important, abundant, digestfbled polysaccharide.
Common food starch are derived from seed and f&tarch have been modified to
improve desired functional characteristics andaaiged in relatively small amounts to
food as food additives. Starch is a homopolysaedbatomposed only of glucose
units and consists of mixture of two polymers, awsgl (linearpolymer) and
amylopectin (highly branched polymer). Starch gtesuare not water soluble but
easily hydrate in an aqueous solution. When an agususpension of granules is
heated, additional swelling occurs until a tempematis reached where there is a
transition from organization. This is known as tedatinization temperature. Upon
further heating, swelling continues and the amylasé portions of the amylopectin
are leached from granule producing a viscous ssspenCooling of this suspension
leads to the formation of a gel. With further timmealignment of the linear chains of
amylose and the short chains of amylopectin carurogt the process known as
retrogradation. In food products based on stardh, ¢lis can lead to liquid being
expressed from the gel in the phenomenon knowryreerasis, which is generally an
undesirable occurrence (164, 165).

- Water

Water is essential in noodle making. Water is dddethe wheat flour and
kneaded to develop the gluten network, which cbatés to the noodle structure. In
addition, the water contributes to the viscoelagtaperties of the dough and increases
the smoothness of the noodle surface. When thghdbacomes more cohesive after
kneading, it also leads to the sheen and transparehthe noodles improve, the
boiling time is decreased, and the size and shé&gbeonoodles ate retained after
boiling. If higher amounts of water are added, estyvsoft, uniform dough forms
quickly. However, with less than 35% water, theiglo exhibits resistance, requires

more kneading, and takes muck longer to form (163).
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- Salt and Kunsui

a. Salt plays an important role in noodle making. It haea effect on
characteristic of gluten in dough by increasing gloustrength and preventing
dampness. It enhances flavor, improves texture dawleases the boiling time. In
addition, salt also can preserve the noodles bipiiiing microbial growth. The salt is
usually first dissolved in water and stored in @éatank in which the salt content is
monitored.

b. Kunsui is an alkaline salt comprises potassium carbonsbeium
carbonate, and phosphates of sodium and potasslums. diluted in hot water and
added to the dough during kneading. It can be adiiectly into the dough at the
levels of 0.5-1.7%. Kunsui interacts with the glutproducing a gum-like texture that
is typical of noodle texture. It also contributeshe development of the yellow color
due to reaction of alkali with the flavanoid pignt®and enhances the flavor (166).

- Egg

Egg increases the nutritional quality of noodleducts and yellowness of
noodles. Egg yolk color makes the color of noadlee attractive. It gives a firmer
texture and also helps improving the texture, iases dough elasticity and
extensibility (163, 166).

- Other ingredients

a. Gluten

The principal functional protein of wheat flour gbuten which consists of
glutenins and gliadins. Generally, glutenins cdnit@ to dough elasticity whereas
gliadins contribute to dough viscosity. High mollecuweight glutenin subunits join
end-to-end through disulfide bonds to provide & sbbackbone to gluten complex.
Low molecular weight glutenin subunits are alsosshmked through disulfide bonds
into the protein network. The smaller sphericahdjin molecules are incorporated into
gluten primarily through noncovalent (hydrogen &ydrophobic) bonds. When flour
is hydrated and mixed to form dough, disulfide ontay be rearranged as proteins
align and as gluten forms. Gluten can be isolatethfflour by making dough with
water and then slowly manipulating this dough unalezrontinuous stream of water
(165, 167).
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b. Sodium tripolyphosphate (STPP)

STPP inhibits enzyme protease in the flour. Enzypmetease affects
elasticity of noodles making them too soft and iteagThus, STPP increases the
strength and elasticity of dough (166)

c. Guar gum

Guar gum is a high molecular weight galactomanrenved from the seed
of Cyamopsis tetragonolobus. It is a white to yellowish white, tasteless artbidess
powder. It is desirable in either hot or cold waterming a solution with a pH of
between 5.4 and 7.0. Furthermore, it has a unidplgyato hydrate rapidly in cold
water to form very viscous colloidal dispersionsiaGgum is non-gelling and is used

chiefly as a viscosity builder, stabilizer and wdiander (14, 168).

3.12 Noodle production

Oriental style noodles are produced by three camwesl steps including
mixing, sheeting and cutting. The first product line is fresh wheat noodles.
Additional processing of fresh noodles vyields ottygres of noodle such as dry
noodles, fried noodles, instant dry noodles andamtsfried noodles as outlined in

Figure 2.

Noodle ingredients

Mixlng Fresh Noodles Instant noodles

Resting irying

' f

Sheeting—» Slitting—— Waving——— Streaming» Formiogingle serving

/ I ] '
Boiling Drying Frying Frying
Wet Dry Fried l
noodles noodles noodles Instant deep-fried noodles

Figure 2 Processes for the production of different typesawdles
Source: Adapt from Oh NH. and others. (169)
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3.12.1 Mixing ingredients

The first step in noodle manufacturing involvessdigsing the salt or kansui
in water and then this mixture is added to therfloMixing formula ingredients is
often carried out in a horizontal or vertical mixEr 10-15 minutes. Since the
horizontal mixer seems to have better mixing rasultis more commonly used than
the vertical one in commercial noodle productidtixing results in the formation of a
crumbly dough with small and uniform particle siz&ince the water addition level is
relatively low (vs. bread dough), gluten developtriemoodle dough during mixing is
minimized. This improves the dough sheet abilglyeeted dough smoothness and
uniformity. Limited water absorption also slowswdo noodle discoloration and
reduces the amount of water to be taken out dutheg final drying or frying
processes. Flour proteins, pentosans and staspkdilly damaged starch) determine
the flour water absorption level. Even so, theavabsorption level in noodle dough
is not so sensitive to processing as is that imadaough. Variation in noodle dough
water absorption among different flours is gengralithin 2-3%, and this is usually
determined by dough handling properties. Floutig@arsizes and their distribution
affect the time water penetrates into the flouarde particle flours require a longer
time for water to incorporate and tend to form é&ardough lumps. It is desirable to
have relatively fine and evenly distributed padidize flours to achieve optimum
dough mixing (161, 166, 170).

3.12.2 Dough resting

After mixing, the dough pieces are rested for 20+##hutes before
compounding. Dough resting helps water penetrate dough particles evenly,
resulting in a smoother and less streaky doughr afteeting. In commercial
production, the dough is rested in a receiving @ioer while being stirred slowly
(161, 166, 170).

3.12.3 Sheeting and Compounding

The rested, crumbly dough pieces are divided imto portions, each
passing through a pair of sheeting rolls to fornoadle dough sheet. The two sheets
are then combined (compounded) and passed throaghoad set of sheeting rolls to
form a single sheet. The roll gap is adjustedhst the dough thickness reduction is
between 20-40%. The sheet is repeatedly foldedpasded through the rollers to
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facilitate gluten development, which gives the Headits stringy and chewy texture.
The combined dough sheet is often carried on aitaykr conveyor belt located in a
temperature and relative humidity controlled cabin€his step is to relax the dough
for easy reduction in the subsequent sheeting tperaThe resting time takes about
30-40 minutes (161, 166, 170).

3.12.4 Sheeting, Slitting and Waving

Further dough sheeting is done on a series of 4iés pof rolls with
decreasing roll gaps. At this stage, roll diameséeeting speed and reduction ratio
should be considered to obtain an optimum doughatemzh. Noodle slitting is done
by a cutting machine, which is equipped with a péicalibration rolls, a slitter, and a
cutter or a waver. The final dough sheet thicknesset on the calibration rolls
according to noodle type and measured using artagsdial gauge. Noodle width
determines the size of noodle slitter to be usHuke sheet is cut into noodle strands of
desired width with a slitter. Noodles can be aitbguare or round in shape by using
various slitters. Noodle strands are cut into sirdble length by a cutter. At this
stage, Chinese raw noodle, Japanese udon noodlka-ohen and Thailand bamee
noodle making is complete (fresh noodles). For ingaknstant noodles, noodle
strands are waved before steaming and cutting. Wy noodles are produced by
setting the conveyor belt at a slower pace tharctitieng rolls above it. Alternatively,
noodle strands emerging from the slitter are hiedeby metal blocks (weights)
resulting in the noodle waves (161, 166, 170).

3.12.5 Steaming

In making instant noodles, the liquid seasoningssametimes added to the
noodle strands prior to cutting and molding intodids or another suitable shape. The
wavy noodle-strands are conveyed to a steamerdk tte noodles at 100 °C for 1-5
minutes. As mentioned earlier, the purpose ofnstieg is to gelatinize the starch, fix
the noodle waves and improves the texture of tloelles. The steaming time varies
according to noodle size, but can be determinesigogezing a noodle strand between
two clear glass plates. If the white noodle coigappears, the noodles are well
cooked. Steam temperature, steam pressure, ardistetime are key process factors
affecting the product quality (161, 166, 170).
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3.12.6 Drying noodles

The noodle drying can be achieved by deep fryingoiin(fried instant
noodles) and drying with hot air (non-fried instawibdles). Frying the noodles in oil
at 140-160 °C for 1-2 minutes decreases the meistmtent of noodles from 30—
50% at the steaming step to about 2-5%. Whileedtilyle oil is suitable for frying,
palm oil or palm olein is often used in Asia anckiuies of canola, cottonseed, and
palm oils are commonly used in North America. I &io drying, the noodles are held
at 70-90 °C for 30—40 minutes to achieve 8-12% tm@scontent. The heating
during frying or hot air drying further gelatinizéke starch and the noodles now
obtain a porous texture. Frying is the preferredthmd of drying and more than 80%
of instant noodles are fried because drying bynfyyis a very fast process. Water
vaporizes quickly from the surface of the noodlg®n dipping into the hot oil.
Dehydration of the exterior surface drives watemtigrate from the interior to the
exterior of the noodle strands. Eventually, sonighe water in the noodles is
replaced by oil. Many tiny holes are created dyithe frying process due to the mass
transfer, and they serve as channels for wateetangupon rehydration in hot water.
It usually takes 3-4 minutes to cook or soak insteaad noodles in hot water before
consumption. Air-dried instant noodles have a fatwcontent so some people prefer
them. They also have a longer shelf-life becauttle fat rancidity is involved.
Steaming appears to be very critical to this typ@andle since it affects the water
rehydration rate of the product. While, the hotdaiying can result in uneven drying
that adversely affects the texture of the finisimeddles, which slow output of the
process and lack of pleasant shortening taste andhnfeel make the product less
popular in Asia compared with instant fried noodles

Non-fried instant noodles also require a longer koop time. The
disadvantage of frying, however, is that fried nlesdcontain about 15-20% oil
(compared with a maximum of 3% fat in hot air—driedodles) and are more
susceptible to oxidation and spoilage; the usentbridants prolongs the shelf life of
fried instant noodles. The dried noodles are tleickly cooled, checked for
moisture, color, shape and other quality charagties, and packaged with seasonings

using films that are impermeable to water and air.
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Instant noodles are commercially available in tvaokaged forms - in a cup
with the seasoning sprinkled over the noodles oraipouch (or bag) with the
seasoning provided in a sachet inside the poueto types of instant noodles are bag
and cup or bowl types. Instant noodles come irisd\different flavors added to the
seasoning — beef, chicken, pork, shrimp, oriectalamy chicken, chicken mushroom,
and others. In the cup style instant noodles, detigd vegetables and meats, as well
as textured soy protein or flour are often addBdcause of their low moisture content
and a fairly high sodium content (about 2,100 mg1@® g product), and the resulting
low water activity, instant noodles are stable aasle a shelf life of 4—-6 months in
tropical areas and 6—12 months in the northern $yi@mere. They can be served after
boiling in water for 1-2 minutes or soaking in hedter for 3—4 minutes (161, 166,
170).
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CHAPTER IV
MATERIALSAND METHODS

4.1 Materialsand instruments

4.1.1 Materialsfor fresh wheat noodles and instant noodles preparation

- All-purpose wheat flour, “Kite brand” (from UnideFlour Mill Public Co.,
Ltd.)

- Native potato starch, Modified potato starch {@aamyl AC.) (from
Winner Group Enterprises Ltd.)

- Guar gum (from Thai Food and Chemical Co., Ltd)

- Sodium tripolyphosphate (STTP) and Sodium acidplyosphate (SAPP)
(from Thai Food and Chemical Co., Ltd)

- Sodium bicarbonate (from Grand Chemical Co., Ltd)

- Potassium carbonate (from Grand Chemical Co), Ltd

- Salt: Prungthip brand (from Saha Pathanapibuli®@m., Ltd)

- Vital wheat gluten 75% (from Nutrition Ltd., Part

- Palm oil; Emerald brand (from Morakot Industriasblic Co., Ltd.)

- Seasoning powder: pork flavor (NST Food Ingretiiehtd and Thai
President Foods Public Co., Ltd)

- Mono-sodium glutamate (MSG), “Ajinomoto branddifin Ajinomoto Co.,
(Thailand) Ltd.

4.1.2 Commercial Resistant Starch (RS)

Commercial resistant starch, Hi-maiz¢Rigure 3) was used as the source
of resistant starch in this study. It was suppligdNational Starch Chemical & Co.,
Thailand. The product specification sheet and tnotal information of Hi-maize®

are shown in Appendix A and Appendix B, respectivel
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Figure 3 Commercial resistant starch
(Hi-maiz€)

4.1.3 Chemical for analysis
- Enzyme assay kit for resistant starch analygegazymé&, was purchased
from Megazyme International (Ireland) Limited.

4.1.4 Instrumentsfor physical analysis

- Spectro Colorimeter Model JS555 (Color Technst&y Corporation,
Japan)
- Texture Analyzer TA-XT2 (Stable Micro System,dtand)

4.2 Preliminary formulation trial

During the first stage of the study, attempts weesle to determine the
basic fresh wheat noodle and instant noodle forsnaitel process condition for using
as the control formula.

4.2.1 Fresh wheat noodles formula

The formulation of fresh wheat noodles used in #tigly was chosen and
applied from the basic formula of Loahavaleesasiisly (171) and modified (no egqg)
Taeteang's basic formula (172). Both noodles foasulvere tested in order to
compare for noodle quality, sensory evaluation affdct of RS on noodlgquality
evaluation.

All ingredients (wheat flour, water, beaten wholggge salt, sodium
tripolyphosphate (STPP), sodium acid pyrophospli@#®PP), sodium bicarbonate,
and potassium carbonate), except wheat flour waexednuntil homogeneous. The
mixture was mixed with wheat flour in a dough mixara low speed for 1 min and
then at a medium speed for 4 min until dry clum@rtiples were formed. The
particles were then kneaded in a polypropylene diagpom temperature for 20 min
until a uniform dough was formed. The dough wasestd by pressing through a pair
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of rollers on a noodle making machine (ATLAS 150arbbto, Italy) in 6 successive
steps with decreasing roller gap, until the thidehef final dough sheets reached
approximately 1.2 mm. The final dough sheets weittensth cutting rollers included
with the noodle making machine to fresh wheat nesdf about 1 mm wide strips.
Fresh noodle strips were packed in plastic bags use. Fresh wheat noodles were
produced as outlined fRigure 4.

4.2.2 Instant noodles formula

The formulation of fresh wheat noodles used in gtigly was applied and
chosen from the basic formula of Prirahong’s stiii§) and Kounhawej's basic
formula (173). Both noodles formulas were testediider to compare for noodle
guality, sensory evaluation and effect of RS ondi@guality evaluation.

The formula of instant noodle was made from thetunex of wheat flour,
modified potato starch, water, beaten whole edg, gaar gum, STPP, SAPP, sodium
bicarbonate, and potassium carbonate. Sodium lmicate and potassium carbonate
were dissolved in water for making an alkaline solu Dry mixture of salt, guar
gum, SAPP and STPP and beaten egg were slowly ¢ghaniie the alkaline solution
and mixed using a magnetic stirrer until guar guas fully swollen (at least 20 min).
The mixture of wheat flour and modified starch waiged with the above solution at
a slow speed for 1 min and then at a medium speed tin in a Kitchen aid"
mixer. After forming, dough was then rested forrh in a plastic bag. The dough
was sheeted by pressing through a pair of rollaraandle making machine (ATLAS
150, Marcoto, Italy) in 6 successive steps withreasing roller gap from 3.0 mm to
1.0 mm. The dough sheet was then cut into stripsbout 1.0 mm wide and then
steamed for 2 min in a steamer at atmospheric pressitil starch gelatinizes.

The steamed noodle strips were showered with sampaming 900 ml
water, 20 g monosodium glutamate, and 60 g sained, and then placed in a drilled
stainless steel noodle block mold. The mold coirtgi noodles were deep-fried in
palm oil at 170 °C for 45 sec. The fried noodlesemaid on a stainless steel screen
for 30 sec to remove excess oil, and cooled at reammperature for 30 min before
storing in plastic bags at room temperature ursi. Unstant noodles were produced as

outlined inFigure5.
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NaCOs + K,CO;s + salt dissolved in water Egg
Mixing with a magnetic stirret Wheat flour

Mixing at low speed for 1 min and medium speed4fonin

v

Forming dough into a ball in a plastic bag

v

Resting dough for 20 min

'

Sheeting dough to 1.2 mm thick dough sheets

v

Cutting the final dough sheets

'

Fresh noodle strips

Cooking in boiling water for 2 min

v

Cooling cooked noodles in cold water for 1 min

v

Draining on a strainer for 1 min

Cooked noodles

Figure 4 Procedure for making and cooking fresh wheat resodl|
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NaCO; + Ko,COs + dissolved in water

Salt +guar gum + SAFFTPP Egg
Mixing on a magnetic stirrer Wheatuit + modified starch

Mixing at low speed for 1 min and medium speed4fonin

Forming dough into a ball in a plastic bag

|

Resting dough for 20 min

|

Sheeting dough to 1 mm thick dough sheets

|

Cutting dough sheets into strips

Steaming for 2 min

|

Showering with soup and draining

Frying at 170 °C for 45 sec

|

Instant noodles

|

Cooking in boiling water for 2 min

Cooked noodles

Figure 5 Procedure for making and cooking instant wheatlteso
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4.2.3 Evaluation of noodles

Noodle quality was determined in terms of appeaaooking time and
eating quality (161).

a. Appearance: The appearance was determined bgl\abservation of
noodle color, surface and shape.

b. Cooking time: Noodles were cooked in 1 L boilimgter. Optimum
cooking time (the time needed to obtain complet&atmezation of starch) was
determined by periodically checking every 60 see. avoid overcooking, cooked
noodles were soaked in 500 ml of cool water andnddaon a strainer for 1 min.
Optimum cooking time was recorded when the whitee cof noodles disappeared
(174). The recorded cooking time was used througteustudy.

c. Eating quality: After cooking, the noodles wel@ined and placed in a
stainless steel tray in order to minimize overcagkof the noodles. The weights of
noodles were 10 g and flavored soup was added fori@msting. The panelist rated the
noodle for eating quality which emphasize on pa#gntroblem characteristic i.e.
grittiness, texture of the noodles.

4.2.4 Sensory screening test (Pre-test)

The purpose of this part was to determine basimddas of fresh wheat
noodles and instant noodles for use as controldtary using sensory screening test
(pre-test).

Acceptability of the control fresh wheat noodlesd amstant noodles
determined by twenty panelists who were recruitechfstaff and graduate students of
the Institute of Nutrition, Mahidol University.

The noodles were cooked in boiling water, then imiately cooled down
on a stainless steel tray in order to minimize cveking. The pork flavored soup was
separately cooked and transferred into a doublehan order to maintain a constant
temperature. Fifteen grams of the noodles weraquad into a white melamine bowl,
diameter 3.5” labeled with three digit number codekected from a random number
table and then one-fourth cup of the hot soup wadded before serving. The
equilibrium temperature was about 50 °C, which wees serving temperature. All
samples were served to each panelist during thehewever, only one sample was

evaluated at a time. The order of sample presentdtir a panelist was randomized.
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Panelist was asked to rinse his/her mouth with magéween samples. The sensory
evaluation was performed in the Food Science anchri@ogy Laboratory under
daylight fluorescent bulb, air-conditioned and ffe@m cooking odor and noise. The
panelists were not allowed to communicate with ezbler.

Sensory acceptability of each sample was evaluategeneral appearance,
color suitability, overall acceptability, elasticisuitability and softness suitability. The
overall acceptability and general appearance weterighined on nine-point hedonic
scales. The scale ranked from “dislike extremelly’ 40 “neither like nor dislike = 5”
to like extremely = 9”. Other characteristics wdstermined by five-point just-about-
right scales. The scale ranged from “much too ieldstard / dark = 5” to “just-about-
right = 3” to “much too brittle / soft / light = 1'The questionnaires used in the fresh
wheat noodles sensory test appeafjpgendix C and the instant noodles sensory test
as Appendix D. The formulas thereof which received an overatieptability score

above 5 would be selected for use as control faamul

4.3 Formulation of RS-enriched noodle products

To formulate RS-enriched fresh wheat noodles astaim noodles wheat
flour, was partially substituted with resistantrstawhich level starting at 15% wheat
flour weight and then up to a possible maximum lle&e additional amount of water
was also needed to prevent drying out of the dough.

4.3.1 Effect of gluten

Gluten was added to improve the elasticity of needlThe amount of gluten
used in RS-enriched noodle formula started fromiramum level and then adjusted
until the samples were acceptable in general appearand texture. Additional
amount of water was also needed to develop glugtwark. The amount of gluten,
which gave the most suitable quality, was seledtadformulating RS-enriched
noodles and the noodles were tested for noodldatg@add sensory acceptability. The
amount of gluten used in RS-enriched fresh wheatllgoand instant noodle formulas
are shown irAppendix E andAppendix F, respectively.
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4.3.2 Noodle quality evaluation

Noodle quality evaluation was performed in termappearance, cooking
time and eating quality.

4.3.3 Sensory evaluation

Sensory evaluation of developed noodle productsdivaded into 2 parts:

Part |: Sensory screening test (Pre-test)

Good quality RS-enriched fresh wheat noodle anthmsnoodle products
made from each level of resistant starch subgiitutivere selected for sensory
screening test to determine the maximum level sistant starch that could replace
wheat flour. The experiment was designed as a catelglrandomized block (175).

The most appropriate formulas would be selecteti@&fS-enriched noodle
formulas for further evaluation in an in-house agnsr test.

Part I 1. In-house consumer test

In this part, sensory evaluation was carried outfiesh wheat noodles and
instant noodles made with the highest possiblel lefveesistant starch selected by the
panelists in sensory test (Part ).

Fifty panelists included staff and graduate stusldndbm the Institute of
Nutrition, Mahidol University. The experimental ags and all evaluating techniques
were the same as the evaluation performed in sgneealuation for formula
screening. The finished products accepted by peteah the in-house consumer test

should have the overall acceptability scores over 6

4.4 Physical analysis

RS-enriched fresh wheat noodles and instant noodézs determined for
physical characteristics in term of color and textanalysis.

4.4.1 Color measurement

The color of the noodle dough stored 15 min affexeted was measured
using a spectrocolorimeter Model JS 555. L*, a* dridvalues were recorded. L*
value represented darkness and lightness; a* vejuesented green and redness and
b* value represented blue and yellow tones of n@altiugh sheets. Three replicates
for each sample were determined. Measurement wds Biéimes, each at a different

location on a consistent (same) side of the surd&tiee noodle sheet (157).
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4.4.2 Texture analysis

Tensile strengths were determined using a textatyaer (TA-XT2). One
cooked noodles strand was clamped by two lobesRR/$robe), and increasing
tensile load was applied until breakage occurrezhsile forces at break and break
length were recorded (157). The samples were medisuitriplicates.

4.4.3 Chemical analysis

4.4.3.1 Proximate analysis

The samples were analyzed in duplicates accorditiget AOAC methods.

- Moisture content was determined by drying methdod 0@5°C (hot-air
oven method; AOAC 1990, 952.45).

- Crude protein content was determined by usingrM&geldahl method;
AOAC 2000, 979.09.

- Crude fat content was determined by using Soxélgtaction; AOAC
2000, 920.39C.

- Ash content was determined by incinerating a darmpa muffle furnace
at 550C.

- Carbohydrate content was calculated by asubtrg the percentage of
moisture, ash, crude protein and crude famf 100.

- Total dietary fiber (TDF) was determined by cédtion method based on
52% TDF of Hi-maize® and 2.7 % TDF of wheat flour.

- Energy content factors 4, 4 and 9 wereduso calculate the energy
provided by protein, carbohydrate and fagpestively.

4.4.3.2 Resistant starch analysis

Resistant starch was analyzed following method AC202.02 (176) and
the procedure is shown iAppendix G. The enzyme assay kit for resistant starch
determination, Megazyme, consisted of pancreatiamylase, amyloglucosidase,
glucose determination reagent (GOPOD), glucoseergafguffer, glucose standard

solution and resistant starch control.
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4.5 Cost estimation of products

Additional costs due to substitution of wheat flauith RS were estimated
based on the prices of resistant starch (Hi-maix@43) substitution and wheat gluten
used.

4.6 Statistical Analysis:

Data for physical properties of noodle products eveanalyzed by
nonparametric test with SPSS for WINDOWS version018oftware. Significance
among means was assessed by the Mann-Whitney U afettte 5% level of
probability. In the part of sensory evaluation, mealues of sensory acceptability
scores of each product were evaluated for sigmfiadifference at 5% level of
probability by using the Mann-Whitney U Test or emay analysis of variance (One-
way ANOVA). When significant differences in One-w#®NOVA were detected,

means were compared using the Duncan’s multiplepenison test (175-177).

The experiment schematic is showrFigure 6.
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CHAPTER YV
RESULTS

5.1 Preliminary formulation trial

5.1.1 Process adjustment and selection of the control formula

During the first stage of the study, attempts waegle to determine the basic
fresh wheat noodle and instant noodle formulaspandess condition for using as the
control formula.

5.1.1.1 Selection of fresh wheat noodle control formula

Control fresh wheat noodle formulas were chosemfimasic formula of
Loahavaleesant’s study and modified (no egg) Tagtedasic formula. Both noodles

were compared for noodle quality and sensory evialua

a. Quality evaluation of fresh wheat noodle

Table 8 Noodle quality from preliminary trial of contralesh wheat noodles

Cooking Eating
Formula time Appearance quality Ease of
(min) processing

Loahavaleesant’s Elastic and

basic formula 4 Yellow color| moderately | Easy to process
soft texture

Modified 4 Yellow color | Elastic and Easy to prese

Taeteang's basic moderately

formula (no egg) soft texture

FromTable 8, the appearance of the two fresh wheat noodleUtasnwere

the same. Cooking time, eating quality and eaggafessing were also similar.
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Table 9 Sensory screening testfor control fresh wheat noodles

Formula Beforetasting After tasting
General® Color* Overall® | Elasticity® | Softness®
appearance | suitability | acceptability | suitability | suitability
Loahavaleesant’s 6.86 2.92 6.16 2.82 2.98
formula (1.28) (0.44) (1.88) (0.66) (0.59)
Modified Taeteang's 6.87 34 6.13 2.80 3.00
formula (no egg) (0.64) (0.51) (0.74) (0.68) (0.53

! Mean and standard deviation from CRB design, n=20

2 Means with the same or without superscripts inlaran are not significantly different (p>0.05)

% Rated on 9-point hedonic scales (1=dislike extrgmtneither like nor dislike, 9=like extremely)
* Rated on 5-point just-about-right scales (1 = muchlight/brittle/soft, 3 = just-about-right, 5much
too dark/elastic/hard)

From the results iTable 9, the acceptability scores of general appearance,
overall acceptability, elasticity and softness atiiity showed no significant
difference (p> 0.05) among all samples. The cotare of Laohavaleesant’s formula
were closer to 3 (just-about-right) than modifiedeleang’s formula. However
according to the good appearance, ease handlingracdssing as well as acceptable
sensory scores of both formulas, it was difficoltchoose which formula should be
use for further development. Thus, 10% RS was #gutestfor wheat flour in both
formulas in order to compare the effect of RS oadiequality evaluation among the

two formulas.

c. Quality evaluation of fresh wheat noodle with 10% RS substitution
Table 10 Noodle quality of control fresh wheat noodles wifl®6 RS substitution

Cooking
Formula time | Appearance | Eatingquality Ease of
(min) processing
Loahavaleesant’s Yellow Elastic and
formula with 10%RS 4 | color moderately soft| Easy to process
texture
Modified Taeteang's Yellow Soft and fragile | Too moist dough,
formula (no egg) with 4 color texture hard to manage in
10%RS sheeting and
cutting steps

From Table 10, the appearance of fresh wheat noodles of Loakasant’

formula with 10%RS substitution were better in egtguality and ease of processing
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compared to modified Taeteang’s basic formula. &loee, this formula was selected

as the control fresh wheat noodle formula in furtady.

5.1.1.2 Selection of instant noodle control formula
Control instant noodle formulas were chosen fronsidaormula of
Kounhawej's basic formula and Prairahong’s (no elgsic formula. The both of

noodles were compared for noodle quality and sgrsaaluation.

a. Quality evaluation of instant noodle

Table 11 Noodle quality from preliminary trial of controlstant noodles

Cooking
Formula time Appearance Eating quality Ease of
(min) processing
Elastic and
Kounhawej's basic 2 Yellow colon moderately soft Easy to
formula texture process
Elastic and
Prairahong's basic 2 Yellow colon moderately soft Easy to
formula (no egQ) texture process

FromTable 11, the appearance of the two instant noodle formwiae the

same. Cooking time, eating quality and ease ofgasiog were also similar.

b. Sensory evaluation
Table 12 Sensory screening te'st for control instant noodles

Formula Beforetasting After tasting
General® Color? Overall® | Elasticity® | Softness’
appearance | suitability | acceptability | suitability | suitability
Kounhawej's 6.26 2.52 5.98 2.96 3.40
formula (1.56) (0.54) (1.47) (0.67) (0.61)
Prairahong's 6.25 2.25 5.65 3.00 3.50
formula (no egQ) (1.52) (0.44) (1.79) (1.03) (0.76

! Mean and standard deviation from CRB design, n=20

2 Means with the same or without superscripts inlaron are not significantly different (p>0.05)

% Rated on 9-point hedonic scales (1=dislike extrgmtneither like nor dislike, 9=like extremely)
* Rated on 5-point just-about-right scales (1 = miachlight/brittle/soft, 3 = just-about-right, 5much
too dark/elastic/hard)

From the results ifable 12, the acceptability scores of general appearance,

overall acceptability as well as color, elasticagd softness suitability showed no
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significant difference (p> 0.05) among all samplescording to the good appearance,

ease of handling, and acceptable sensory scorbetlfformulas, it was difficult to
choose which formula should be used for furtherettgwment. Thus, 10% RS was
substituted for wheat flour in both formulas in @rdo compare the effect of RS on

noodlequality evaluation.

c. Quality evaluation of instant noodle with 10% RS substitution

Table 13 Noodle quality of control instant noodles with 1688 substitution

Cooking
Formula time | Appearance Eating quality Ease of
(min) processing
Elastic and
Kounhawej's formula 2 Yellow moderately Easy to process
with 10% RS color soft texture
Too moist dough
Prairahong's formula 2 Yellow Soft and fragile hard to manage
(no egg) with 10% RS color texture in sheeting an

j®N

cutting steps

From Table 13, the appearance of instant noodles of Kounhawefimula

with 10%RS substitution were better in eating gyaind ease of processing than the

other. Hence, this formula was selected as tha@adnstant noodle formula in further

study.

5.1.2 RS-enriched noodle products
As the amount of RS increased, the dough becamdrtoand could not be

made into both noodle products (fresh and instawidies). Consequently, but with

most ingredients and method of preparation were tepsame as a control formula,

the substitution of RS for wheat flour in the folmuan additional amount of water

was required. However, when more water was addeddbugh became too sticky,

too fragile and still could not be managed. Thaefgluten was added in the RS-

enriched noodle formulas to improve their quality.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 57

5.2 Formulation adjustment of RS-enriched noodle products.

5.2.1 Effect of gluten

Both fresh noodles and instant noodles with 30,4886 RS substitution
were chosen to add gluten in order to obtain tgbdst possible RS substitution level.
Different amount of gluten was added to RS-enricheddle formulas to determine
the optimum amount of gluten for each formula. Shagable amount of gluten for 30,
35, 40% RS substitution (data showAppendix E andF) in fresh noodles were 10,
12, 14% by weight, respectively and for 30, 35, 4R%osubstitution in instant noodles
were 21, 23, 25% by weight, respectively. Glutevelan excess of these amount
presented difficulties in dough sheeting process.

In addition, instant noodles with higher level tH20% RS substitution had
moist interior (noticed from fried noodle still stuwith a drilled stainless steel noodle

block mold) and required longer frying time whicktended from 45 sec to 60 sec.

5.2.2 Noodle quality evaluation

The noodle quality data of RS-enriched fresh nadled instant noodles
with added gluten are shownTrable 14 andTable 15, respectively.

Table 14 and Table 15 representhe noodle quality evaluation of 30, 35,
40% RS-enriched fresh noodles and instant noodis added gluten, respectively.
The results reveal that the cooking time of alhfalas of RS-enriched fresh noodles
was 6 min and for all of RS-enriched instant nosdias 3 min. Good eating quality
was found in all RS enriched formulas. They wes® aimilar to control noodles in
terms of cooking time, color, shape and appearasceavell as ease of processing
except at 40% RS substitution where they were fdratightly hard to process.
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Table 14 Noodle quality evaluation of 30, 35, 40% RS-enrtthiesh wheat noodles

with added gluten.

Added Cooking
gluten time Appearance Eating Ease of
Formula (% flour (min) quality Processing
weight)
Fresh noodles 10 6 Light yellow|  No gritty Easy to
with 30% RS color mouthfeel process
substitution Symmetrical | Soft and
shape elastic texture
Fresh noodles 12 6 Light yellow|  Very slightly Edey
with 35% RS color gritty mouthfee|  process
substitution Symmetrical | Soft and
shape elastic texture
Fresh noodles 14 6 Light yellow|  Slightly Slightly
with 40% RS color gritty mouthfeel hard to
substitution Symmetrical | Soft and process
shape elastic texture

Table 15 Noodle quality evaluation of 30, 35, 40% RS-ergathnstant noodles with

added gluten.

Added | Cooking
gluten time Appearance | Eating quality Ease of
Formula (% flour (min) Processing
weight)
Instant noodles 21 3 Light yellow | No gritty Easy to
with 30% RS color mouthfeel process
substitution Symmetrical| Soft and
shape elastic texture
Instant noodles 23 3 Light yellow | No gritty Easy to
with 35% RS color mouthfeel process
substitution Symmetrical| Soft and
shape elastic texture
Instant noodles 25 3 Light yellow | Very slightly Slightly
with 40% RS color gritty mouthfeel hard to
substitution Symmetrical| Soft and process
shape elastic texture
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5.2.3 Sensory evaluation

Part |. Sensory screening test

RS-enriched noodle products adjustment indicated 80, 35, 40% RS
substitution with added gluten vyielded noodle pridu with satisfactory
characteristics. Therefore, sensory screeningamastcarried out for these noodles. All
sensory screening tests were performed by 25 pémelccording to the procedure
described in Section 4.3.2 (Part ). The sensocgpiability scores of the RS-enriched
fresh noodles and instant noodles are showiralile 16 andTable 17, respectively.

Table 16 Sensory screening tést of 30, 35, 40% RS-enriched fresh noodles with
added gluten.

Formula Before tasting After tasting
General® Color* Overall®* | Elasticity* | Softness’
appearance | suitability | acceptability | suitability | suitability
Fresh noodle 6.40 2.75 6.50 2.95 2.90
with 30% RS (2.37) (0.97) (1.58) (0.68) (0.55
substitution
Fresh noodle 6.25 2.75 6.50 2.90 2.85
with 35% RS (1.25) (0.85) (1.19) (0.55) (0.48
substitution
Fresh noodle 6.00 2.70 6.15 2.90 2.85
with 40% RS (1.32) (0.80) (1.75) (0.78) (0.48
substitution

! Mean and standard deviation from CRB design, n=20

2 Means with the same or without superscripts iolaran are not significantly different (p>0.05)

% Rated on 9-point hedonic scales (1=dislike extrgmgtneither like nor dislike, 9=like extremely)
* Rated on 5-point just-about-right scales (1 = muchlight/brittle/soft, 3 = just-about-right, 5much
too dark/elastic/hard)

All formulas presented no significant differencgs>@.05) in terms of
general appearance, color suitability, overall ptadality, elasticity suitability and
softness suitability. Overall acceptability randeam 6.15 to 6.50 of 9-point hedonic
scales which mean that these formulas were likigtits}.

However, when considering the trend of the higlseste in all of sensory

test along together with other noodle quality pararly ease of processing, fresh
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noodle with 30% RS substitution formula was thenseim for an in-house consumer

test, comparing with the control formula. The résake shown iff able 18.

Table 17 Sensory screening tést of 30, 35, 40% RS-enriched instant noodles with

added gluten.

Formula Before tasting After tasting
General® Color* Over all* | Elasticity? | Softness’
appearance | suitability | acceptability | suitability | suitability
Instant noodles 6.75 2.85 6.85 2.95 2.90
with 30% RS (1.21) (0.81) (1.53) (0.69) (0.55
substitution
Instant noodles 6.50 2.70 6.55 2.90 2.95
with 35% RS (1.15) (0.87) (1.32) (0.45) (0.51
substitution
Instant noodles 6.30 2.65 6.85 2.85 2.85
with 40% RS (1.53) (0.81) (1.14) (0.88) (0.49
substitution

! Mean and standard deviation from CRB design, n=20

2 Means with the same or without superscripts inlaron are not significantly different (p>0.05)

% Rated on 9-point hedonic scales (1=dislike extrgmtneither like nor dislike, 9=like extremely)
* Rated on 5-point just-about-right scales (1 = miachlight/brittle/soft, 3 = just-about-right, 5much
too dark/elastic/hard)

All formulas presented no significant differencgs>@.05) in terms of
general appearance, color suitability, overall ptadality, elasticity suitability and
softness suitability. Overall acceptability randgeam 6.55 to 6.85 of 9-point hedonic
scale which means that these formulas were likigtits}.

However, when considering the trend of the higlseste in all of sensory
test along together with other noodle quality matarly ease of processing, instant
noodle with 30% RS substitution formula was thensam for an in-house consumer

test, comparing with the control formula. The résake shown iff able 19.

Part I 1. In-house consumer test
After sensory screening test, fresh and instantiesowith the suitable level
of RS substitution were evaluated by 50 panelistsam in-house consumer test

according to the method described in Section 4Bazt 11).
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Table 18 In-house consumer test of 30% RS-enriched freshdlee compared to

control!' 2
Formula Beforetasting After tasting
General® Color® Overall® | Elasticity” | Softness’
appearance | suitability | acceptability | suitability | suitability

Control fresh 6.86 2.92 6.16 2.9 2.9¢

noodles (1.27) (0.44) (1.87) (0.66) (0.58
Fresh noodle 6.16 2.76 6.32 3.18 3.26
with 30% RS (1.63) (0.93) (1.85) (0.80) (0.52)
substitution

TResults are the means (SD) of 50 panelists.

2 Means with the same or without superscripts inlaran are not significantly different (p>0.05)

% Rated on 9-point hedonic scales (1=dislike extrgmgtneither like nor dislike, 9=like extremely)
* Rated on 5-point just-about-right scales (1 = muchlight/brittle/soft, 3 = just-about-right, 5much
too dark/elastic/hard)

From the result imable 18, no significant differences (p>0.05) were found
for the color suitability and overall acceptabilibetween control and 30% RS-
enriched fresh wheat noodles. The general appearscamre of control fresh wheat
noodles was significantly higher (p<0.05) than B@% RS-enriched noodles whereas
the control fresh wheat noodles gave significanttyre suitable elasticity and softness
than that 30% RS-enriched noodles. Neverthelesshfwheat noodle with 30% RS
substitution was judged by the panelists as likghtly (overall acceptability score
above 6.00).

Table 19 In-house consumer test of 30% RS-enriched instaatlles compared with

control' 2
Formula Before tasting After tasting
General® Color® Overall® | Elasticity* | Softness’
appearance | suitability | acceptability | suitability | suitability
Control instant 6.06 2.74 6.42 2%26 2.36'
noodles (1.63 (0.52) (1.14) (0.66) (0.63)
Instant noodle 6.30 2.90 6.68 3.00 2.96
with 30% RS (1.54) (0.58) (1.37) (0.53) (0.28)
substitution

' Results are the means (SD) of 50 panelists.

2 Means with the same or without superscripts inlaran are not significantly different (p>0.05)

% Rated on 9-point hedonic scales (1=dislike extrgmgtneither like nor dislike, 9=like extremely)
* Rated on 5-point just-about-right scales (1 = muchlight/brittle/soft, 3 = just-about-right, 5much
too dark/elastic/hard)
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From the results imable 19, there were significant differences (p<0.05)
among control and 30% RS-enriched instant noodlésrms of elasticity and softness
suitability whereas no significant differences (B35 were found for general
appearance as well as color suitability and ovexedieptability. Furthermore, instant
noodle with 30% RS substitution was judged by taedfists as like slightly (overall

acceptability score above 6.00).

5.3 Physical quality deter mination
5.3.1 Color measurement
Table 20 Noodle dough sheet color of RS-enriched fresh ladmpared with

control formuld 2

Formula Color
L* a* b*
Control 71.40 -3.08 19.04
(0.32) (0.09) (0.71)
30% RS 74.00 -1.28 18.88
(0.91) (0.07) (0.01)

! Results are means (SD) of triplicate analysis
2 Means with the same superscripts in a column arsignificantly different (p>0.05)

Table 21 Noodle dough sheet color of RS-enriched instantifecompared with
control formuld 2

Formula Color
L* a* b*
Control 71.68 3.15 24.01
(0.20) (0.04) (0.04)
30% RS 75.23 2.47 21.58
(0.39) (0.05) (0.07)

! Results are means (SD) of triplicate analysis
2 Means with the same superscripts in a column arsignificantly different (p>0.05)

From Table 20 and Table 21, the flour replacement by RS in both fresh
noodle and instant noodle formulas had an effecLomalues (lightness) of noodle
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dough sheet. L* values of the RS-enriched noodigsifecantly increased (p<0.05)
from that of control noodles. Wherea$s and b* value, as the percentage of RS
increased, a* and b* value decreased significafky0.05). Overall, RS-enriched
fresh noodles and instant noodles were lighterlanér in yellow color than control

formula and the color weakened correspondingly withlevel of RS used.

5.3.2 Texture analysis
Table 22 Tensile strength and break length of RS-enrichiedhf noodles compared

with control formula

Formula Tensile strength (g) Break length (mm)

Control 13.92 9.33
(1.68) (2.58)

30% RS 14.00 15.8
(0.69) (2.48)

T Results are means (SD) of

2 Means with the same superscripts in a column arsignificantly different (p>0.05)

FromTable 22, there was significant difference (p<0.05) amoagtm! and
30% RS-enriched fresh wheat noodles in terms akolength whereas no significant

difference (p>0.05) was found for tensile strength.

Table 23 Tensile strength and break length of cooked R&:eed instant noodles

compared with control formula

Formula Tensile strength (g) Break length (mm)

Control 15.46 5.10
(1.77) (1.21)

30% RS 16.58 13.29
(2.10) (1.20)

T Results are means (SD) of

2 Means with the same superscripts in a column arsignificantly different (p>0.05)

FromTable 23, there was significant difference (p<0.05) amoagtm! and
30% RS-enriched instant noodles in terms of breaigth whereas no significant

difference (p>0.05) was found for tensile strength.
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5.4 Chemical analysis
Proximate analysis

Proximate composition and DF content of control &R&lenriched noodles
(dry basis), are shown imable 24 and Table 25. The RS-enriched fresh noodles
contained slightly lower ash content than the adntwhereas the ash content of
control and RS-enriched instant noodles were theesa

The protein content of RS-enriched fresh noodles slaghtly higher than
the control (about 18%), whereas the protein cantéiRS-enriched instant noodles
was about 1.5 times higher than that of the corialobut 45%).

Control and RS-enriched fresh noodles containedasirfat content but the
fat content of RS-enriched instant noodles weradrnighan that of the control.

RS-enriched fresh noodles contained slightly higheisture content than
the control. On the other hand, the moisture candérRS-enriched instant noodles
were slightly lower than that of the control.

As expected, both RS-enriched fresh noodles artdnnhsoodles contained
more TDF content with less carbohydrate and eneogtent when compared with
that of the control.

Table 26 andTable 27 show percentage of RS in RS-enriched fresh noodle
and instant noodle compared to control in uncoaksdl cooked sample, respectively.
As expected, the percentage of RS in RS-enricheshfnoodles and instant noodles
were higher than that of the control. Furthermthne,cooked noodles showed a higher
percentage of RS (moisture-free basis) than unabo&edles.

Table 28 shows the amount of TDF per serving (50g) and % Ritd. One
serving of RS-enriched fresh noodles and instaatlles contained 8.4 g and 8.35 g of
TDF, respectively. These amounts were equivaleabtut 33% Thai RDI. Thus these
products could be labeled as “high fiber product€ading to the Ministry of Public
Health Notification no, 182 (B.E. 2541) on nutrititabeling.
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Table 24 Nutrient composition of a composite RS-enrichesgslir noodles (2 batches

of samples) compared to control (per 100 g fresight)

Nutrient composition Control formula 30% RS-enriched fresh noodles
Energy (kcal) 258 192
Moisture (g) 33.3 35.1
Protein (g) 9.2 10.9
Fat (9) 1.6 1.6
Carbohydrate (Q)

(excluding TDF) 51.6 335
Dietary fiber(g)"

(by calculation) 1.8 16.8
Ash (g) 2.5 2.1

! Result obtained from calculation method; based2% FDF of Hi-maize® and 2.7% TDF of wheat flour

(Data from:_www.nal.usda.gov/

Table 25 Nutrient composition of a composite RS-enrichextant noodles (2 batches

of samples) compared to control

(per 100 g fresight)

Nutrient composition Control formula 30% RS-enriched fresh noodles

Energy (kcal) 483.4 446.2

Moisture (Q) 1.6 1.2

Protein (g) 10.6 15.4

Fat (g) 21.2 254
feiggg?gdg“?rtgé?) 62.5 30.1

e )

Ash (g) 2.2 2.2

! Result obtained from calculation method; based2% FDF of Hi-maize® and 2.7% TDF of wheat flour

(Data from:;_www.nal.usda.gov/
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Table 26 RS content of a composite RS-enriched fresh ngg@datches of samples)

compared to control (moisture-free basis)

Formula % RS
Uncooked Cooked
Control fresh wheat noodles 0.47 3.90
30% RS-enriched fresh wheat noodles 15.70 42.90

Table 27 RS content of a composite RS-enriched instant leso® batches of

samples) compared to control (moisture-free basis)

Formula % RS
Uncooked Cooked
Control instant noodles 0.45 0.80
30% RS-enriched instant noodles 7.69 31.20

Table 28 TDF content (with percent Thai RDI) of RS-enrichigdsh noodles and
instant noodles compared with control (per serving)

Formula TDF (g) %RDI °
Control fresh wheat noodles 0.90 3.60
RS-enriched fresh wheat noodles 8.40 33.60
Control instant noodles 0.95 3.80
RS-enriched instant noodles 8.35 33.40

T Amount one serving of noodles = 50 g.
2 percent RDI, based on 2,000 kcal diet.

5.5 Cost of raw materials of RS-enriched noodle products

The cost of RS-enriched fresh noodles and instantles (based on raw

materials) were compared with the cost of contomdies and are shown irable 29.
Raw materials include commercial resistant staidhnfaize®), wheat gluten and
commercial wheat flours (based on average 30 lght/The cost of Hi-maize® 1043
purchased from National starch Co., Ltd. is 200tbkdp and wheat gluten purchased

from Nutrition Ltd., Part is 60 baht/ kg. All oth@rgredients were used at the same
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amount for control and RS-enriched fresh noodlew. fresh noodles and instant
noodles, the total cost of raw materials for RSetr@d noodles was about 3 baht and
1.50 baht more than that of the control for 100ng #r one serving of noodles,

respectively.

Table 29 Cost estimation of RS-enriched fresh wheat noodlad instant noodles

compared to that of control formula (raw materialy).

Product Cost Cost
(Baht/ 100 g product) (Baht/ serving)

Control fresh noodles X X
RS-enriched fresh noodles X+3.10 X+1.55
Control instant noodles Y Y

RE-enriched instant noodles Y+3.20 Y+1.60
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CHAPTER VI
DISCUSSION

6.1 Preliminary formulation trial

Process adjustment and selection of the control formula

During the first stage of the study, attempts werade to determine the
basic fresh wheat noodle and instant noodle forsnatad process condition for using
as the control formula. In addition, the controfnfmila served to ensure that the
declined acceptability score from sensory evalmatbRS-enriched noodle products
did not result from inferior cooking skill and tegfjue used by the researcher (178).

6.1.1 Selection of fresh noodle control formula

The control fresh noodles were selected betweerhdwadeesant’s and
modified Taeteang’s formulas. Both formulas werporéed to be well-accepted in
terms of noodles quality and sensory evaluatiorthBeesh noodle formulas were
prepared in order to compare for noodles quality sensory evaluation. According to
the good appearance, ease of handling as well @ ggnsory acceptability score of
noodles made from the two formulas, it was diffitalchoose which one to be control
fresh noodles. Thus 10% RS was substituted in bbthose two formulas and then
the noodles were compared again for quality.

Laohavaleesant’s formula was better accepted dietter eating quality,
which included more elasticity and not too fragixture along with not too moist
dough and easier to manage in sheeting and cudtépy The reason may be because
of egg incorporation in Laohavaleesant’s formulasdding eggs to noodles gives a
firmer texture and also helps improving the texturereases dough elasticity and
extensibility in noodles (163, 166).

6.1.2 Selection of instant noodle control formula

The control instant noodles were selected betwd@ynhawej’'s and

Prairahong’s formulas, based on the same procemhuthe selection of fresh noodle

control formula.
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Similarly, both instant noodle formulas differedyslightly. Then 10%RS
substitution was performed. Kounhawej's basic fdenwith 10%RS substitution gave

better eating quality and was easier to process.

6.2 Formulation RS-enriched fresh noodles and instant noodles

The starting level of RS substitution was determiirgy reviewing the
previous research (181) which could substitute wiear noodles with 30% (w/w)
soybean hulls. Therefore substitution level clas8@% of RS should be investigated.
For this study, the flour was replaced with RS uagyfrom 30, 35 to 40%. The
substitution of flour with RS in the noodles caussine negative effects on their
appearance and texture of the noodle strands.rébist agreed very well with earlier
studies, which reported that replacement of whieatr foy traditional fiber (such as
soy bean hull, garbanzo bean flour, green and wetlea flour) resulted in a decrease
in texture profile analysis (TPA) parameters of e noodles (18, 157, 179).
Consequently, it necessitated formula adjustmerthénamount of water and gluten.
The addition of gluten to formation in pasta wasvsh to increase dough elasticity
(180).

6.3 Formula adjustment

Replacement with RS caused weak and fragile noostends. They
resulted from the decrease of wheat gluten in mil@d that affected the amount of
disulfide bond available in dough forming. Laoh@&esant and Prairahong (18, 171)
studied the effect of gluten on noodle texture @mbrted that addition of gluten could
improve the noodle texture. Thus in this studytejiuwas added in order to obtain
dough which was similar to the control. In addititims study found that fresh noodles
and instant noodles could increase RS substitlgial to 45-50% of wheat flour with
increasing gluten and water at suitable amountsveyer, RS-substitution level was
stopped at 40% because of the difficulty in dougbdpcing. The resulting noodles
also had a rough texture and had a little grittyuthteel when used more than 40%
substitution in RS-enriched noodles. The formwaiS-enriched noodles were

further tested for noodle quality, sensory and piaysjuality.
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Pre-test

The sensory results showed that 30, 35, 40% RSituios in both fresh
noodles and instant noodles gave no significarfémihce in sensory scores (p>0.05).
However, when considering the trend of the scaredliof the sensory characteristics
evaluated, as the amount of RS substitution ineckathe trend of sensory scores
gradually decreased. This result agreed with #@seilt from Gomolmanee’s study
(155). Besides, noodles with 40% RS was remarkeddmye panelists as having a
slightly dry mouthfeel. The increase in RS levekdily affected the appearance and
texture of the products and therefore, causingceedse in overall acceptability (155)

In the case of RS-enriched instant noodles, fryimg was extended from
45 sec to 60 sec because the fried noodles stitksto the drilled stainless steel
noodle block mold. Furthermore for RS-enriched Hresodles and instant noodles,
the cooking time was extended from 4 min to 6 nmid 2 min to 3 min, respectively.
At the beginning, cooking time was kept the sameasrol but the cooked noodles
were not acceptable in eating quality, having igrithouthfeel and hard texture. They
also appeared like uncooked noodles. Thereforekieg time was increased to
improve the quality of RS-enriched noodle produ€tse RS used in this study was a
high-amylose maize starch which was reported toehav high gelatinization
temperatures, requiring temperatures that are often reached in conventional
cooking practices (154 °C to 171 °C) before thengles are completely disrupted
(36). Thus it is possible that the RS-enriched te®dequired longer cooking time and
also frying time in RS-enriched instant noodlestttzat of control. This result agrees
with Jangchaimonta that waffle and cake enricheth \®RS required longer baking
time than the control (192). On the contrary, innt@manee’s study, alkali noodles
contained 15% RS with xanthan gum still requireel $ame cooking time as control
noodles. The reason may be because the RS caomtédrise alkali noodles was low

so longer cooking time was not necessary (155).

In-house
The results from the in-house consumer test coefirnthat there was
significant impact (p<0.05) on sensory acceptagbgitores in terms of elasticity and

softness suitability in both RS-enriched fresh Hesd@nd instant noodles. The results
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showed that the panelists preferred the elastaity softness of control fresh noodles
than RS-enriched fresh noodles. Nevertheless,dhelists preferred the elasticity and
softness of RS-enriched instant noodles to th#tetontrol. These results agree with
texture analysis results and are explained in pat

In terms of general appearance, control fresh resoceived significantly
higher score (p<0.05) than RS-enriched fresh ncodldowever, the overall
acceptability and color suitability scores were sainificantly different (p>0.05)
between the control and RS-enriched noodles. Intiaddhe scores of both general
appearance and overall acceptability were abovelbis means RS-enriched fresh
noodles was judged by the panelists as liked $lighitherefore the results indicate
that wheat flour mixed with 30% (by weight) Hi-me®& could be utilized in fresh
noodles and instant noodles production with minidedects in eating quality.

In case of color measurement, according to thelteesas the level of RS
substitution increased, L* value or lightness iased whereas a* value or redness and
b* value or yellowness decreased. It could be mi@id that incorporation of RS made
the noodle dough brightened and appeared lighowslh color. Generally, consumers
prefer the brightness in noodles (182) Therefadne, d¢olor suitability score of RS-
enriched noodles in sensory evaluation was notfgigntly different (p<0.05) when
compared to control for both fresh noodles andamshoodles. The reason for color
lightening in noodle dough may be due to the whatdding characteristic of RS which
led to decrease activity of browning reaction (15B)ese results were similar to
earlier researches. Gomolmanee reported that Luevalf alkali noodles slightly
increased with 15% RS substitution and 0.5% xantian added (155). Similarly,
Yue & Waring reported that pasta with 15% RS salstin gave lighter color
compared to the control that had no added fibeB)18

For texture measurement, tensile strength givesndication of how the
sample holds together during cooking (184). Highuea of tensile strength and
breaking distance in noodles are associated withdleeeating texture (185). The
tendency to have higher tensile strength (no dcamt difference, p>0.05) and the
higher break length (significant difference, p<Q.05 RS-enriched fresh noodles and
instance noodles compared to the control indicatleat RS-enriched noodles

possessed a more strengthened network. This mayddaned by the effect of added
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gluten. These results were similar to earlier redess. Prairahong (18) reported that
substitutions of flour with soybean hull in the niées provided more tensile strength
than the control. Similarly, Seib stated that proten cooked noodles would be

expected to increase tensile strength, dependirgilynbowever, on the level present
(184). This reason agreed with sensory result imgeof elasticity and softness that
panelists preferred softer and did not like too metasticity of RS-enriched fresh

noodles. On the other hand, the decrease in testsflegth with increasing RS-content
could be explained by the weaker gel strength afchkt since the RS particles may

interfere with the starch gel network (155)

6.4 Chemical analysis of RS-enriched noodles and contr ol

The results showed that TDF content of RS-enricheodles was higher
than that of the control noodles. The RS-enricliedhf noodles, control fresh noodles,
RS-enriched instant noodles and control instantlesohad TDF values of 16.8, 1.8,
16.7, 1.9, g/100g, respectively. These TDF valireghis study were only the
approximate values because they were obtained thhensalculation method based on
the original TDF of wheat flour and the TDF contehiHi-maize® added. Chemical
analysis could give more reliable values. On a isgnbasis, the product (509)
provided about 8 g DF which equals to about 33%i Rial. In addition, when
considering the nutrition labeling option, curreegulation states that nutrition-related
terms of nutrient content claims can be used oasllab specified in the Ministry of
Public Health Notification No0.182/2541(186). Forrnte such as “High fiber”, a
product must have not less than 5g DF per referanemunt (serving). Thus, the term
“High fiber” could be used for the RS-enriched fresoodles and instant noodles
formulated in this study.

The protein content of RS-enriched fresh noodlas iagtant noodles were
higher than the control, especially RS-enrichedaimsnoodles with about 5g/100g
more protein than the control. RS-enriched fresbdtes had about 1.7g/100g more
protein than the control. This result could be axpd by addition of gluten in these
formulas. Similarly, Prairahong and Laohavaleesaided gluten in to their DF-

enriched noodles and found that the protein corgebsequently increased (18, 171).
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The ash content of RS-enriched fresh noodles wghtlsi lower than the
control while that of RS-enriched instant noodleswsimilar to the control.

Regarding the fat content, RS-enriched fresh ncodlentained similar
amount of fat compared to the control. In contBS8-enriched instant noodles
contained more fat than the control. This resulis wenexpected because earlier
researches reported the benefit of RS and mostobDfEas in decreasing oil uptake of
DF-enriched products (187). When considered themsioodles processing applied
for RS-enriched instant noodles in this study, &ynibe possible that a longer frying
time required for RS-enriched instant noodles cdube higher uptake of oil. Kim
and Lee reported that a long frying time increasgidke of oil (188). A high uptake
of oil during frying not only increased the costtbé finished product, but also could
adversely affect its shelf life. Thus, to obtainggtimum RS-enriched instant noodles
product, frying time should be improved by eithecreasing frying temperature or
using a fryer with a better efficiency. Moreovéwing in a closed system may also
help to attain better heat transfer (18).

The amount of carbohydrate in RS-enriched prodwets lower than that of
the control because of the partial substitutiom8ffor wheat flour. This also led to a
slight reduction in energy content of RS-enricheddies.

Regarding the effect of cooking on RS content, #tigly found that RS
content in both of RS-enriched and control noodfeseased after cooking. This
evident could be explained by the study of Yue &riva (1998) that RS can be
inherently present in food or can be increasedtdymocessing conditions involving
heat and high temperature (183). The RS contestpaeticularly high in RS-enriched
noodles from the direct addition of RS in the prdiormulation. Therefore, these
RS-enriched noodle products could be presentednaaltarnative food source of

dietary fiber for the consumers.

6.5 Cost of the products

The results of cost estimation (raw materials omgjcated that the cost of
RS-enriched fresh noodles and instant noodles aigoeit 3 baht higher than that of
the control when comparing on a per 100g basise fMbre expensive cost resulted

from the cost of RS and gluten added in RS-enrigireducts. Nevertheless, the cost
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estimation of RS-enriched fresh noodles and instaatdles were based on a pilot
scale study. Therefore, their cost could be lowes large-scale production with bulk

purchase of ingredients.
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CHAPTER VII
CONCLUSION

The study indicated that RS-enriched fresh wheatlles and instant noodles
could be formulated to contain a commercial RS rftdize®). RS was applied by
partially substituting wheat flour in the noodlesrrhulation. High level of RS
incorporation in noodle products caused adversffto the rheological property of
noodle dough as well as the quality of finishedduai. To improve the quality of RS-
enriched noodle products, it was necessary to &aergand additional amount of
water. Results from product application testing aedsory evaluation indicated that
RS could partially substitute wheat flour up to 30%

RS-enriched fresh noodles and instant noodlesisnsthdy had TDF values of
16.8 and 16.7 g/100g, respectively. This is mankdidjher than the control noodles
(about 9 times). The TDF content of RS-enrichedhraoodles and instant noodles
was about 8 g per reference amount which eque88% Thai RDI. Therefore, these
products can be classified as “high fiber” products

The cost of Hi-maize® was relatively higher thaa tommercial wheat flour.
Considering the higher cost and the final noodiedpct quality, the recommended
substitution level of RS that could be used withadverse effects on eating quality
was 30% wheat flour substitution. Due to the highFTcontent of RS-enriched
noodles, they could be recommended as an alteendtwd choice for health
conscious consumers. This, in turn, will enhanesr ttlietary fiber intake towards the
recommended level. Moreover, the results of thislys could be used as a guideline
for developing high-dietary fiber products contampRS.
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Recommendations for future study

The RS-enriched noodles developed in this studyd®mh shown to provide
better nutritive values, particularly TDF, than uty noodles. Nevertheless, the fat
content in RS-enriched instant noodles is stillhhig Therefore, the formula or
processing procedure of RS-enriched instant nocghlesild be modified in order to
reduce oil absorption. Furthermore, the benefiefédcts of RS supplementation in
noodle products on various physiological effectd health; such as prebiotic effects,

reduction of glycemic index and weight managemsmbuld be determined.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 77

REFERENCES

1. Asp NG, Bjorck I.. Resistant Starch. Trends F8adTechnol 1992; 3(5):111-4.

2. Marell JA, Slavin JL. Health implication of deey fiber-Position of ADA. J Am
Diet ass0c.1997;971157-9

3. Sidhu JS, Al-Hooti SN and Al-sager JM. Effeciadfding wheat bran and germ
fraction on the chemical composition of high-fitbeast bread. Food Chem
1999; 67:365-71.

4 Ao J v Y @ aa A
4. I 1591 vanewining, 1waassa 555u5u15nE. 1duleonnsnugunndia(@ouin2)
NIAI0IMIsHaze 2539; (2):1-5
o =4 1 a Y] a a Jd (a
5. fiudaiid gane. n3uT Inaleemsvedioguluwangamuumiuns [Imetinus Usyana
4 o a o @ a A (%
HATTUAMAATUMIUUNA F1VIANNTTUANTAT]. NTUNWI: VUNAINGI10Y

wInendeneasmans; 2533
6. Supingklud N. Effect of dietary fiber on plastesels of insulin, estradiol,

progesterone, glucose and lipids in normal Thai @fM.S. Thesis in
Physiology]. Bangkok: Faculty of Graduate studiahidol University;
1994

7. O’'Sullivan KR, Cho S. Fiber recommendations tigio out the world. Int J Food
Sci Nutr 1998; 49: S13-S21.

8. Prosky L, Devries JW. Controlling dietary fiberfood products. New York: Van
Nostrand Reinhold; 1992.

9. Kosulwat V. The Nutrition and health transitionT hailand. Public Health
Nutrition 2002; 5(1A): 183-9.

10. Chavasit V, Phromyothi D. The role of instaabdles in Thailand. In: the 3rd
World Ramen Summit. 2001 Mar 15-16; Bangkok (Thad)a2001.

11. Chavasit V, Tontisirin K. Triple fortificatioof instant noodle in Thailand. Food
and Nutrition Bulletin 1998; 19: 164-7.



Napapori Sermsai References / 78

@ 1 2 o & a @
12. 9138 Fomgdn. guamuzniineduiogl. vasusieiu. 15n0.a. 2541.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

Jitpleecheep S. Noodle producers to meet igBan Bangkok Post 2001 Mar 15;
Business.

Puwastein P, Raroengwichit M, Sungpuag P addrasong K. The*{Thai Food
Composition Table. Thailand: Institute of Nutritidlahidol University;
1997.

Prakongpan T, Nitithamyong A and LuangpitaksBxXraction and application of
dietary fiber and cellulose from pineapple coregsodd
Sci.2002;67(4):1308-13.

Satra P. Formulation of dietary fiber-enriclhadery containing guava pomace
and guava seeds (MS. Thesis in Food and NutritBagkok: Faculty of
Graduate Studies, Mahidol University.1999

Kiattheerachai P. Study on the extraction efatdly fiber from soybean hulls and
its application (MS. Thesis in Food and NutritioBangkok: Faculty of
Graduate Studies, Mahidol University.1999

Prairahong P. Formulation of dietary fiber-ehed instant noodles (MS. Thesis in
Food and Nutrition) Bangkok: Faculty of Graduatedsts, Mahidol
University. 2002

Rattanakorn D. Application of enzymes in impngvthe quality of dietary fiber
enriched bread. Department of Biotechnology: FgafltScience, Mahidol
University.1998

Dreher Mark L. Handbook of Dietary Fiber. Newrk: Marcel Dekker.1987

Gordon DT, Topp K, Shi Y-C, Zallie J and JeHt®. Resistant starch: physical
and physiological properties. In Yalpani M. (edewWTechnologies for
Healthy Foods & Nutraceuticals. ATL Press, Inc.efce Publishers,
Shrewsbury, MA. 1997:157-178

Alexander RJ. Resistant starch-new ingred@nthfe food industry. Cereal Foods
World.1995;40(6):455-458

Ranhotra GS, Gelroth JA and Glaser BK. Enerlyerof resistant starch. J. Food
Sci.1996; 61(2):453-455.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 79

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nugent AP. Health properties of resistant stakutritional Bulletin.2005; 30: 27-
54

Ellis RP, Cochrane MP, Dale MFB, Duffus CM, byA, Morrison IM, Prentice
RDM, Swanston JS and Tiller SA. Starch productiod mdustrial use. J
Sci Food Agric 1998; 77:289-311.

Cummings JH, Englyst HN. Measurement of stéeamentation in the human
large intestine. Can J Physiol Pharmacol 1991;219:9.

Englyst HN, Kingman SM and Cummings JH. Classifon and measurement of
nutritionally important starch fractions. Eur JiCNutr 1992; 46:S33-S50.

Asp NG. Nutritional classification of food catydrates. Am J Clin Nutr 1994;
59:5679-81.

Eerlingen RC, Delcour JA. Formation, analysigjcture and properties of type I
enzyme resistant starch. J Cereal Sci 1995; 223829-

Visser RGF, Suurs LCJM, Bruinenberg PM, Bledlard Jacobsen E.
Comparison between amylose-free and amylose camggootato starches.
Starch/Starke 1997; 49:438-43.

Betancur AD, Chel GL. Acid hydrolysis and clwaesization of Canavalia
ensiformis starch. J Agric Food Chem 1997, 45:4237—

[BNF] British Nutrition Foundation. Complex tahydrates in foods: the report of
The British Nutrition Foundation’s Task Force. Lamd Chapman & Hall
1990.

Topping DL, Clifton PM. Short-chain fatty acidsd human colonic function:
roles of resistant starch and nonstarch polysamtgsrPhysiological
Reviews 2001; 81 (3): 1031-64.

Brown IL. Applications and uses of resistaata. Journal of the Association of
Official Analytical Chemists International 2004; 8): 727-32.

Wu HC, Sarko A. The double helical moleculan&ure of crystalline Aamylose.
Carbohydr Res 1978; 61.7.

Sajilata MG, Singhal RS and Kulkarni PR. Resisstarch - a review. CRFSFS:
Comprehensive Reviews in Food Science and FoodySéb 5, 2006



Napapori Sermsai References / 80

37.

38.

39.

40.

41].

42.

43.

44,

45.

46.

47.

48.

Berry CS. Resistant starch. formation and nreasent of starch that survives
exhaustive digestion with amylolytic enzymes duriing determination of
dietary fiber. J Cereal Sci 1986; 4: 301-14.

Englyst H, Wiggins HS and Cummings JH. Deteation of the non-starch
polysaccharides in plant foods by gas-liquid chrtmgeaphy of constituent
sugars as alditol acetates. Analyst 1982; 107: 3@/—

Brown IL., McNaught KJ and Moloney E. Hi-mairew directions in starch
technology and nutrition. Food Australia, 1995.

Brown I. Complex carbohydrates and resistarthkt Nutrition Reviews 1996; 54
(11): s115-109.

Niba L. Processing effects on susceptibilitgtairch to digestion in some dietary
starch sources. International Journal of Food $egm@and Nutrition 2003;
54: 97-109.

Fausto FD, Kacchi Al and Mehta D. Starch preslut confectionery. Bev Food
World 1997; 24(4):4-16, 24.

Tharanathan RN, Mahadevamma S. Grain legurbesiato human nutrition.
Trends Food Sci Technol 2003; 14:507-18.

McCleary BV, Rossiter P. Measurement of novwetadly fibers. Journal of the
Association of Official Analytical Chemists Intetr@nal 2004; 87 (3): 707—
17.

Champ M, Langkilde AM, Brouns F et al. Advangesdietary fiber
characterization. 2. Consumption, chemistry, pHggipand measurement
of resistant starch; implications for health andddabelling. Nutrition
Research Reviews 2003; 16: 143-61.

Siljestrom M, Asp NG. Resistant starch formaaluring baking. Effect of baking
time and temperature and variation in the recipee@ensm Unters Forsch
1985; 4:1-18.

Saura-Calixto F, Goni |, Bravo L and Manas EsiBtant starch in foods: modified
method for dietary fiber residues. J Food Sci 1583§3).642-3.

Jenkins DJ, Wolever TM and Taylor RH. Glycemmex of foods: a physiological
basis for carbohydrate exchange. Am J Clin Nutrl]1 33:362-6.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 81

49.

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

Hylla S, Gostner A, Dusel G, et al.Effectsadistant starch on the colon in
healthy volunteers: possible implications for cargrevention. Am J Clin
Nutr 1998; 67: 136-42.

Gudmand-Hoyer E. Methodological aspects ofwvo methods for measurement
of starch digestibility. Report of a European Flaoncerted Action
Workshop; Vedback, Copenhagen; Denmark: Eurestd; 198v. 10-2.

Bornet F. Technological treatments of cerddépercussions on the physiological
properties of starch. Carbohydr Polym 1993; 21(285—-203.

Annison G, lllman RJ and Topping DL. Acetylatptbpionylated or butyrylated
starches raise large bowel short-chain fatty goidgerentially when fed to
rats. J Nutr 2003; 133(11):3523-8.

Bird AR, Flory C, Davies DA, Usher S and TogpDL. A novel barley cultivar
(Himalaya 292) with a specific gene mutation inrctasynthase lla raises
large bowel starch and short-chain fatty acidsts.rJ Nutr 2004;
134(4):831-5

Ranhotra GS, Gelroth JA, Astroth K, Eisenbr&dn Effect of resistant starch on
intestinal responses in rats. Cereal Chem 1992)A&0-2.

Behall KM, Howe JC. Contribution of fiber arebistant starch to metabolizable
energy. Am J Clin Nutr 1995; 62 (Suppl): 1158S-60S.

Behall KM, Howe JC. Resistant starch as enefgym Coll Nutr1996; 15(3):248—
53.

Cummings, JH, Beatty, ER, Kingman S M, BingHa#y Englyst HN. Digestion
and physiological properties of resistant starchuman large bowel. Br J
Nutr 1996; 75:733-47.

Heijnen MA, Deurenberg P, Van A, Johan MM, Baly®C. Replacement of
digestible by resistant starch lowers diet-induttestmogenesis in healthy
men. Br J Nutr 1995; 73(3):423-32.

Baghurst K, Baghurst PA and Record SJ.. Didtber, nonstarch polysaccharide
and resistant starch intakes in Australia. In: GAlI&r, editor. CRC
handbook of dietary fiber in human health. BocaoRaFla.: CRC Press.
2001; 583-91.



Napapori Sermsai References / 82

60. Platel K, Shurpalekar KS. Resistant starchesdrdf Indian foods. Plant Foods
Human Nutr 1994; 45(1):91-5.

61. Muir JB, Walker KZ and Kaimakamis MA. Modulatiof fecal markers relevant
to colon cancer risk: a high-starch Chinese dig¢tdit generate expected
beneficial changes relative to a Western-type dist.J Clin Nutr 1998;
68:372-9.

62. Liljeberg EH. Resistant starch content in a&@n of starchy foods on the
Swedish market. Eur J Clin Nutr 2002; 56(6):500-5.

63. Baghurst PA, Baghurst Kl and Record, SJ. Dydiaer, non-starch
polysaccharides and resistant starch—a review. Paost 1996; 48(3):S3—
S35.

64. Christl SU, Murgatroyd PR, Gibson GR et al.d&aion, metabolism, and
excretion of hydrogen in the large intestine. Gastterology 1992; 102:
1269-77.

65. Topping DL, Fukushima M and Bird AR. Resistst@rch as a prebiotic and
symbiotic: state of the art. Proceedings of theriNah Society 2003; 62:
171-6.

66. Ferguson LR, Tasman-Jones C, Englyst H etahparative effects of three
resistant starch preparations on transit time aod-<hain fatty acid
production in rats. Nutrition and Cancer 2000; 38 230—7.

67. Henningsson AM, Margareta E, Nyman GL et dluences of dietary adaptation
and source of resistant starch in the hindguttst British Journal of
Nutrition 2003; 89 (3): 319-28.

68. Phillips J, Muir HG, Birkett A et al. Effect oésistant starch on fecal bulk and
fermentation dependent events in humans. Americamal of Clinical
Nutrition 1995; 62: 121-30.

69. Silvester KR, Englyst HN and Cummings JH. lkeglovery of starch from whole
diets containing resistant starch measured in aitich fermentation of ileal
effluent. American Journal of Clinical Nutrition 99; 62: 403-11.

70. Birkett AM, Mathers JC, Jones GP et al. Changelse quantity and processing of

starchy foods in a Western diet can increase potysaides escaping



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 83

71.

72.

73.

74.

75.

76.

7.

78.

79.

digestion and improve in vitro fermentation vareghl|British Journal of
Nutrition 2000; 84: 63—72.

Muir JG, Yeow EGW, Keogh J et al. Combining athieran with resistant starch
has more beneficial effects on fecal indexes tleesdvheat bran alone.
American Journal of Clinical Nutrition 2004; 79:2Mm-8.

Martin LJM, Dumon HIJW, Lecannu G et al. Pottd highamylose maize
starches are not equivalent producers of butymatehe colonic mucosa.
British Journal of Nutrition 2000; 84: 689-96.

Young GP, Le Leu RK. Resistant starch and egtat neoplasia. Journal of the
Association of Official Analytical Chemists Inteti@nal 2004; 87 (3): 775—
86.

Van Gorkom BA, Karrenbeld A, Van Der Sluis TaétCalcium or resistant starch
does not affect colonic epithelial cell prolifematithroughout the colon in
adenoma patients: a randomized controlled triatritlan and Cancer 2002;
43 (1): 31-8.

Thorup I, Meyer O and Kristiansen E. Effecpotato starch, cornstarch and
sucrose on aberrant crypt foci in rats exposeadosyamethane. Anticancer
Research 1995; 2101-5.

Cassand P, Maziere S, Champ M et al. Effeatssi$tant starch-and vitamin A-
supplemented diets on the promotion of precursaotes of colon cancer in
rats. Nutrition and Cancer 1997; 27: 53-9.

Ebihara K, Shiraishi R and Okuma K Hydroxypremypdified potato starch
increases fecal bile acid excretion in rats. JdurhBlutrition 1998; 128:
848-54.

Maziere S, Meflah K, Tavan E et al. Effect@fistant starch and/or fat-soluble
vitamins A and E on the initiation stage of abet@ypts in rat colon.
Nutrition and Cancer 31 1998; (3): 168—77.

Bird AR, Hayakawa T, Marsono Y et al. Coarsabr rice increases faecal and
large bowel short-chain fatty acids and starchidaers calcium in the large
bowel in pigs. Journal of Nutrition 2000; 130: 1730



Napapori Sermsai References / 84

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Caderni G, Luceri C, Lancioni L et al. Dietarycrose, glucose, fructose, and
starches affect colonic function in rats. Nutriteamd Cancer 1996; 25 (2):
179-86.

Le Leu RK, Brown IL, Hu Y et al. Effect of resant starch on genotoxin-induced
apoptosis, colonic epithelium, and lumenal contentats. Carcinogenesis
2003; 24: 1347-52.

Silvi S, Rumney CJ, Cresci | et al. Resistéautch modifies gut microflora and
microbial metabolism in human flora-associated wradsulated with faeces
from Italian and UK donors. Journal of Applied Mabiology 1999; 86:
521-30.

Sakamoto J, Nakaji S, Sugawara K et al. Coraparf resistant starch with
cellulose diet on 1,2-dimethylydrazine-induced oidacarcinogenesis in
rats. Gastroenterology 1996; 110 (1): 116—20.

Young GP, Mcintyre A, Albert V et al. Wheat brsuppresses potato starch-
potentiated colorectal tumorigenesis at the abemypt stage in a rat
model. Gastroenterology 1996; 110: 508-14.

Pierre F, Perrin P, Champ M et al. Short-clfraicto-oligosaccharides reduce the
occurrence of colon tumors and develop gutassathgtephoid tissue in
Min mice. Cancer Research 1997; 57: 225-8.

Williamson SL, Kartheuser A, Coaker J et dlegtinal tumorigenesis in the
Apcl1638N mouse treated with aspirin and resistamtls for up to 5
months. Carcinogenesis 1999; 20: 805-10.

Conlon MA, Bird AR. Interactions of dietary éband resistant starch with oil on
genetic damage in the rat colon. Asia Pacific Jaluoh Clinical Nutrition
2003; 12: S54.

Toden S, Toden S, Bird AR et al. Resistanthtattenuates colonic DNA damage
induced by a high protein diet in rats. Asia Paciburnal of Clinical
Nutrition 2003; 12: S13.

Van Munster IP, Tangerman A and Nagengast AMcEof resistant starch on
colonic ermentation, bile acid metabolism, mucgsaliferation. Digestive
Diseases and Sciences 1994; 39 (4): 834-42.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 85

90. Heijnen ML, van Amelsvoort JMD, Eurenberg RiletLimited effect of
consumption of uncooked (RS2) or retrograded (R&d¥tant starch on
putative risk factors for colon cancer in healthgrmAmerican Journal of
Clinical Nutrition 1998; 67: 322-31.

91. Jenkins JA, Vuksan V, Kendall CWC et al. Phiggjcal effects of resistant
starches on fecal bulk, short chain fatty acidso8llipids and glycaemic
index. Journal of the American College of Nutritib®98; 17 (6): 609-16.

92. Grubben MJ, van den Braak CC, Essenberg M Efffaict of resistant starch on
potential biomarkers for colonic cancer risk inigats with colonic
adenomas: a controlled trial. Digestive DiseasesSuiences 2001; 46 (4):
750-6.

93. Wacker M, Wanek P, Eder E et al. Effect of eneyresistant starch on formation
of 1,N2-propanodeoxyguanosine adducts of trans-drbky-2-nonenal and
cell proliferation in the colonic mucosa of healtrptunteers. Cancer
Epidemiology, Biomarkers and Prevention 2002; 16-20.

94. Noakes M, Clifton PM, Nestel PJ et al. Effechigh-amylose starch and oat bran
on metabolic variables and bowel function in sutgedth
hypertriglyceridemia. American Journal of Clinid&itrition 1996; 64: 944—
51.

95. Birkett A, Muir J, Phillips J et al. Resistatarch lowers fecal concentrations of
ammonia and phenols in humans. American Journ@linical Nutrition
1996; 63: 766—72.

96. Heijnen ML, Deurenberg P, van Amelsvoort IMMiketRetrograded (RS3) but
not uncooked (RS2) resistant starch lowers fagoah@nia concentrations
in healthy men. American Journal of Clinical Nutnit 1997; 65: 167-8.

97. Jacobasach G, Schmied| D, Kruschewski M ddiakary resistant starch and
chronic inflammatory bowel diseases. Internatialmalrnal of Colorectal
Disease 1999; 14 (4-5): 201-11.

98. Moreau NM, Martin LJ, Toquet CS et al. Restiorabf the integrity of rat caeco-
colonic mucosa by resistant starch, but not bytératigosaccharides, in
dextran sulfate sodium induced experimental col8rtish Journal of
Nutrition 90 2003; (1): 75-85.



Napapori Sermsai References / 86

99. Brown |, Warhurst M, Arcot J et al. Fecal numsbef Bifidobacteria are higher in

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

pigs fed Bifidobacterium longum with a high amylasenstarch than with a
low amylose cornstarch. Journal of Nutrition 19977: 1822-7.

Wang X, Conway PL, Brown IL et al. In vitraliztation of amylopectin and
high-amylose maize (Amylomaize) starch granuleidoyan colonic
bacteria. Journal of Applied Microbiology 1999; &81-9.

Brown IL, Wang X, Topping DL et al. High amgbmaize starch as a versatile
prebiotic for use with probiotic bacteria. Food &a8al998; 47: 272-5.

Conway PL. Prebiotics and human health: thtesif-the-art and future
perspectives. Scandinavian Journal of Nutrition12@®: 13-21.

Crittenden RG, Morris LF, Harvey ML et al. &tlon of a Bifidobacterium
strain to complement resistant starch in a synbiaighurt. Journal of
Applied Microbiology 2001; 90: 268—-78.

Ramakrishna BS, Venkataraman S, SrinivasdraP A&mylase- resistant starch
plus oral rehydration solution for cholera. New E&mgl Journal of Medicine
2000; 342: 308-13.

Rabbani GH, Teka T, Zaman B et al. Clinicatiss in persistent diarrhea:
dietary management with green banana or pectirmmgBdeshi children.
Gastroenterology 2001; 121: 554-60.

Hampson DJ, Robertson ID, La T et al. Infle=nof diet and vaccination on
colonization of pigs by the intestinal spirocha@&eachyspira (Serpulina)
Pilosicoli Veterinary Medicine 2000; 73: 75-84.

Demigné C, Rémésy C and Morand C. Resistanttgts and lipid metabolism.
In: Handbook of Dietary Fiber, (SS Cho & M Krehelsg Marcel Dekker
Inc., New York, USA.2001; 159-68.

Younes H, Levrat MA, Demige C et al. Resistdatch is more effective than
cholestyramine as a lipid-lowering agent in the kggids 1995; 30: 847-53.

Mathé D, Riottot M, Rostaqui N et al. Effe€amylomaize starch on plasma
lipoproteins of lean and obese zucker rats. Jown@linical Biochemistry
and Nutrition 1993; 14: 17-21.

Kim WK, Chung MK, Kang NE et al. Effect of retant starch from corn or rice

on glucose control, colonic events, and blood Igpdcentrations in



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 87

111.

112.

113.

114.

115.

116.

117.

118.

streptozotocin-induced diabetic rats. Journal ofridanal Biochemistry
2003; 14: 166-72.

Behall KM, Scholfield DJ, Yuhaniak | et al.dl8 containing high amylose vs
amylopectin starch: effects on metabolic varialmdsuman subjects.
American Journal of Clinical Nutrition 1989; 49:B314.

Reiser S, Powell AS, Scholfield DJ et al. Dayg glucose, insulin, and fructose
responses of hyperinsulinemic and nonhyperinsulioenen adapted to
diets containing either fructose or highamylosenstarch. American
Journal of Clinical Nutrition 1989; 50: 913-20.

Heijnen ML, Van Amelsvoort JMM, DeurenbergtRuile Neither raw nor
retrograded resistant starch lowers fasting settuntesterol concentrations
in healthy normolipidaemic subjects. American Jablof Clinical Nutrition
1996; 64: 312-18.

Van Amelsvoort JM, Westrate JA. Amylose-amgln ratio in a meal affects
postprandial variables in male volunteers. Ameridgamrnal of Clinical
Nutrition 1992; 55: 712-18.

Raben A, Tagliabue A, Christensen NJ et aidRant starch: the effect on
postprandial glycaemia, hormonal response, andtgafAmerican Journal
of Clinical Nutrition 1994; 60: 544-51.

Raben A, Andersen K, Karberg MA et al. Acdiglaof or bcyclodextrin
addition to potato starch: beneficial effect oncglse metabolism and
appetite sensations. American Journal of Cliniaairilon 1997; 66: 304—
14.

Holm J, Bjorck |. Bioavailability of starch wrarious wheatbased bread products:
evaluation of metabolic responses in healthy stbj@acd rate and extent of
vitro starch digestion. American Journal of Clidibautrition 1992; 55: 420—
9.

Lilieberg H. Bioavailability of starch in bré@roducts. Postprandial glucose and
insulin responses in healthy subjects and in veégistant starch content.
European Journal of Clinical Nutrition 1994; 481163.



Napapori Sermsai References / 88

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Byrnes SE, Miller JC and Denyer GS. Amylopestarch promotes the
development of insulin resistance in rats. Jouoh&utrition 1995; 125:
1430-7.

Granfeldt Y, Drews A and Bjorck I. Arepas méaaen high amylose corn flour
produce favorably low glucose and insulin respomsé®althy humans.
Journal of Nutrition 1995; 125: 459-65.

Lintas C, Cappelloni M, Adorisio S et al. Effef ripening on resistant starch
and total sugars in Musa paradisiacal sapientuyeaginic and
insulinaemic responses in normal subjects and NID@lients. European
Journal of Clinical Nutrition 1995a; 49: S303—-306.

Lintas C, Cappelloni M, Bonmassar L et al.téng fiber, resistant starch and in
vitro starch digestibility of cereal meals. Glycaerand insulinaemic
responses in NIDDM patients. European Journal ofi€dl Nutrition
1995b; 49: S264-S267.

Achour L, Flourie B, Briet F et al. Metaboéffects of digestible and partially
indigestible cornstarch: a study in the absorpéind postabsorptive periods
in healthy humans. Am J Clinl Nutri 1997; 66: 1191—

Hoebler C, Karinthi A, Chiron H et al. Bioaladility of starch in bread rich in
amylose: metabolic responses in healthy subjectstanch structure.
European Journal of Clinical Nutrition 1999; 53036.

Vonk RJ, Haegedoorn RE, de Graff R et al. §liga of socalled resistant starch
sources in the human small intestine. Americannidwf Clinical Nutrition
2000; 72: 432-8.

Skrabanja V, Liljeberg HG, Kreft | et al. Nititnal properties of starch in
buckwheat products: studies in vitro and in vivaurhal of Agricultural and
Food Chemistry 2001; 49 (1): 490-6.

Behall KM, Hallfrisch J. Plasma glucose argllim reduction after consumption
of breads varying in amylose content. Europeanniwf Clinical Nutrition
2002; 56:913-20.

Anderson GH, Catherine NL, Woodend DM etralerse association between

the effect of carbohydrates on blood glucose abhdesguent short-term food



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 89

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

intake in young men. American Journal of Clinicaitition 2002; 76:
1023-30.

Robertson MD, Currie JM, Morgan LM et al. Psbort-term consumption of
resistant starch enhances postprandial insulintsetysin healthy subjects.
Diabetologia 2003; 46 (5): 659-65.

Goddard MS, Young G and Marcus R. The effeanoylose content on insulin
and glucose responses to ingested rice. Ameriaamdioof Clinical
Nutrition 1984; 39: 388-92.

Westrate JA, Van Amelsvoort JM. Effects of &ineylose content of breakfast
and lunch on postprandial variables in male volergeAmerican Journal of
Clinical Nutrition 1993; 58: 180-6.

Ranganathan S, Champ M, Pechard C et al. Gatiygastudy of the acute
effects of resistant starch and dietary fibers @tafolic indexes in men.
American Journal of Clinical Nutrition 1994; 59:883.

Nestel P, Cehun M & Chronopoulos A. Effect$oofy-term consumption and
single meals of chickpeas on plasma glucose, msaifid triacylglycerol
concentrations. American Journal of Clinical Nutrit2004; 79 (3): 390-5.

Higgins JA. Resistant starch: metabolic effeetd potential health benefits.
Journal of the Association of Official Analyticah€mists International
2004; 87 (3): 761-8.

Brown MA, Storlien LH, Brown IL et al. Cookirajtenuates the ability of high-
amylose meals to reduce plasma insulin concentiiiorats. British
Journal of Nutrition 2003; 90: 823-7.

Champ MJ. Physiological aspects of resistantis and in vivo measurements.
Journal of the Association of Official Analyticah€mists International
2004; 87 (3): 749-55.

Lee B, Wolever T. Effect of glucose, sucrase fauctose on plasma glucose and
insulin responses in normal humans: comparison witite bread. European
Journal of Clinical Nutrition 1998; 52: 924-8.

Elliott SS, Keim NL, Stern JS et al. Fructaseight gain, and the insulin
resistance syndrome. American Journal of Clinicatriion 2002; 76 (5):
911-22.



Napapori Sermsai References / 90

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Higgins JA, Brand Miller JC & Denyer GS. Dayainent of insulin resistance in
the rat is dependent on the rate of glucose abearfsom the diet. Journal
of Nutrition 1996; 126 (5): 596—602.

Tapsell LC. Diet and metabolic syndrome: witkres resistant starch fit in?
Journal of the Association of Analytical Chemistgernational 2004; 87 (3):
756-60.

Tagliabue A, Raben A, Heijnen ML et al. Thieeff of raw potato starch on
energy expenditure and substrate oxidation. Amerdcairnal of Clinical
Nutrition 1995; 61: 1070-5.

Howe JC, Rumpler WV and Behall KM. Dietaryrstacomposition and level of
energy intake alter nutrient oxidation in ‘carbolste- sensitive’ men.
Journal of Nutrition 1996; 126: 2120-9.

De Deckere EAM, Kloots WJ and van AmelsvobiMl Resistant starch
decreases serum total cholesterol and triacylgbyceoncentrations in rats.
Journal of Nutrition 1993; 123: 2142-51.

Lerer-Metzger M, Rizkalla SW, Luo J et al.deffs of longterm low-glycaemic
index starchy food on plasma glucose and lipid eatrations and adipose
tissue cellularity in normal and diabetic rats.tBh Journal of Nutrition
1996; 75: 723-32.

Kabir M, Rizkalla SW, Quignard-Boulange A etAahigh glycemic index starch
diet affects lipid storage-related enzymes in nd@na to a lesser extent in
diabetic rats. Journal of Nutrition 1998; 128: 354

Kishida T, Nogami H, Himeno S et al. Heat s treatment of high amylose
cornstarch increases its resistant starch contegmidi its physiologic effect
in rats. Journal of Nutrition 2001; 131: 2716-21.

de Roos N, Heijnen ML, De Graff C et al. Resisstarch has little effect on
appetite, food intake and insulin secretion of tigayoung men. European
Journal of Clinical Nutrition 1995; 49:532—-41.

Méance S, Achour L and Briend A. Comparisostafch digestibility of a
blended food prepared with and without extrusiookang. European
Journal of Clinical Nutrition 1999; 53: 844—49.



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 91

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Van Amelsvoort JM, Westrate JA. Amylose-amgin ratio in a meal affects
postprandial variables in male volunteers. Ameridamrnal of Clinical
Nutrition 1992; 55: 712-18.

Trinidad TP, Wolever TMS and Thompson LU. Effef acetate and propionate
on calcium absorption from the rectum and distédrc@f humans.
American Journal of Clinical Nutrition 1996; 63:478.

Coudray C, Bellanger J, Castiglia-Delavaud @l.eEffect of soluble or partly
soluble dietary fibers supplementation on absonpgiod balance of calcium,
magnesium, iron and zinc in healthy young men. peao Journal of
Clinical Nutrition 1997; 51: 375-80.

Segain JP, Raingeard de la Bletiere D, Bdler&iet al. Butyrate inhibits
inflammatory responses through NFkappaB inhibitiamplications for
Crohn’s disease. Gut 2000; 47 (3): 397-403.

Sotnikova EV, Martynova EA & Gorbacheva E\aktResistant starches and
immune system. Voprosy Pitaniia 2002; 71 (5): 34-8.

Prosky L, Asp NG, Furada | et al. Determimatd total dietary fiber in foods
and food products: collaborative study. JournahefAssociation of Official
Analytical Chemists International 1985; 68: 677-9.

Gomolmanee Nsupplementary use of dietary fiber in noodle poidMS.

Thesis in Food Technology). Bangkok: Departmerfadd Technology
Graduate School, Chulalongkorn University, 1998.

Agnesi E. The history of pasta. In: Kruger Natsuo RB, Dick JW, editors.
Pasta and Noodle Technology. St. Paul MN: Assamiatil Cereal Chemists
1996; 1-12

Lee L, Baik BKand Czuchajowska Z. Garbanzo bean flour usage ton€se
noodles. J Food Sci 1998; 63(3): 552-8.

Food and Drug administration. Code of Fedeegjulations; Title 21: Ch.1,
Subpart B, Part 139, revised April, 1996, U.s. Goueent Printing Office,
Washing DC.

Schlude M. Enriched instant noodles marketpygortunity. J Asia Pacific Food
Industry 1992; 4(11): 73-4.



Napapori Sermsai References / 92

160. Kim SK. Instant noodle technology. Cereal Fod¢brid 1996; 41(4): 213-8.
161. Kruger JE, Matsuo RB. Pasta and noodle teoggoMinnesota: American

Association of Cereal Chemist: 1996.

v

4 a 9 S a 4 =
162.939U34 118300, 917612: IMeeansuazmnaulad. NJUNNI: AUSYATIHNITNINYAT

UMInendunyasmans; 2532
163. Anonymous. Asian noodle training manual. Pedaggs of the 8 regional

Training Course on Asian noodle Technology: 2001 221; Singapore.
N.p.

164. Sandersan GR. Polysaccharides in foods. Feoldnbl 1981; 35(7): 50-83

165. Bietz JA, Lookhart GL. Properties and non-fpotential of gluten. Cereal Foods
World 1996; 41(5): 376-82

166. Hou G, Kruk M. Asian Noodle Technology. TedahiBulletin 1979; 20: 12.

167. 3511 LANWN, DIOUIR Weana. Lmﬂaémﬂiuiaﬁﬁmﬁu. NFUNNA: NTIAIUNT
W, 2527.

168. Dziezak JD. A Focus on gums. Food Technol 199@): 116-32.

169. Oh NH, Seib PA, Dayoe CW and Ward AB. NoodleBleasuring the textural
characteristics of cooked noodles. Cereal Chem ;18@8): 433-8

170. MOST (The USAID Micronutrient program), RodPlearmaceuticals.
Fortification Basics, Instant Noodles: A potentiahicle for micronutrient
fortification; [online] 2004. Available from:
http://www.mostproject.org/noodles.pdf [Accesse@4£0an 6].

171. Loahavaleesant R. Formulation of dietary fdxerched wheat noodles
containing soybean hulls [M.S. Thesis in NutritioBhngkok: Faculty of
Graduate Studies, Mahidol University; 1996.

172. Taeteang W. Improvement of nutritive valuemstant noodles [M.S. Thesis in
Food and Nutrition for Development]. Bangkok: Faguif Graduate
Studies, Mahidol University; 1996.

173. Kounhawej A. Effect of different iron fortits on qualities and in vitro iron
bioavailability of instant noodles. (MS. ThesisHood and Nutrition)
Bangkok: Faculty of Graduate Studies, Mahidol Ursitg. 2002

174. American Association of Cereal Chemists (AACApproved Methods of the
American Association of Ceral Chemists. 9th ed.Rddt44-15 approved



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 93

October 1975, revised October 1981; Method 16-20@a@d November
1989. St. Pual, Minn: American Association of Céf@aemists; 1995.

175. Mosteller F, Fienberg SE and Rourke R. Begmstatistics with data analysis.
Sydney: Wesley; 1988.

176. McCleary BV, McNally and Rossiter P. J. AOAG@eimational, 85, 1103-
1111.2002.

177. Morgan GA., Griego OV, Gloeckner. SPSS for WWS. An introduction to
use and interpretation in research. New Jerseyrémmve Erlbaum
Associates; 2001.

178. Seekeow P. Formulation of dietary fiber-ergttlsake using sugarcane bagasse.
(MS. Thesis in food and Nutrition for developmemangkok: Faculty of
Graduate Studies, Mahidol University, 2001.

179. Zhao YH, Manthey FA, Chang SKC, Hou H-J an@dw&H. Quality
Characteristics of Spaghetti as affected by GreenYallow Pea, Lentil,
and Chickpea Flours. J Food Science 2005; 70(@)t-s376.

180. Lorenz JK, Martin DJ and Stewart BG. ChindgedNoodles make from Bukler
Mill Fractions of Australian wheats. ASEAN Food Joal 1994; 9: 156-
160.

181. Jangchaimonta S. Formulation of wheat flour @sistant starch mix for bakery
products. [M.S. Thesis in Food and Nutrition fon@®pment]. Bangkok:
Faculty of Graduate Studies, Mahidol University&0

182. Hatcher DW, Symons SJ and Kruger JE. Measuneofi¢he time-dependent
appearance of discolored spots in alkaline nodalfamage analysis. Cereal
Chem 1999; 76(2):189-94.

183. Yue P, Waring S. Functionality of resistaateh in food applications. Food
Australia 1998; 50(12): 615-621.

184. Seib PA, Liang X, Guan F, Liang YT and Yang.©omparison of Asian
noodles from some hard white and hard red wheatdlcCereal Chem
2000; 77(6): 816-22.

185. Rayas-Duarte P, Fransisco. Evaluation of hduite winter wheat breeder lines

for alkaline Asian noodles [Online]. Available from



Napapori Sermsai References / 94

http://www.agoweb.akstate.edu/pearl/food/fapc.108hiAccessed 2002
Sep 3].

186. MINNUANLNTTUNITONNITUAZE NTTNTNATITUY. UTEMANTZNTNANTITUY

U182 (2541)50enainInzums. NIz yaae1ris; 2541
187. Huang D. Selecting an Optimum Starch for Srizekelopment, National Starch

and Chemical Company [Online]. Available from:
www.foodinnovation.com/pdfs/Selecting%200ptimal%20&h. pdf
[Accessed 2007 mar 3].

188. Kim SK, Lee AR. Effect of frying temperatur@sd times on cooking properties

of ramen. Cited by Kruger JE, Matsuo RB. Pastararatile technology.

Minnesota: American Association of Cereal Chemis896



Fac.of Grad. Studies, Mahidol Univ. M.Sc. (Nutrition) / 95

APPENDIX



Napapori Sermsai Appendix / 96

APPENDIX A

®

PENFORD

AUSTRALIA LIMITED

TYPICAL NUTRITIONAL INFORMATION
HI-MAIZE 1043

Per 100g of product (as is basis)
Weight 100g
Water 14.0g
Energy Value 986kJ
Protein 0.5g
Total carbohydrates* 33g
Dietary Fibre* 52g
Fat-total NA
Fat-saturated NA
Fat-mono NA
Fat-poly NA
Cholesterol None
Calcium (48ppm) 4.8mg
Chiloride (44ppm) 4.4 mg
Iron (Sppm) 0.5mg
Magnesium (41ppm) 4.1mg
Manganese (41ppm) 4.1mg
Phosphorus (110ppm) 11.0mg
Potassium (20ppm) 2.0mg
Sodium (95ppm) 9.5mg
Zinc (3ppm) 0.3mg
Vitamins None

* as defined by ANZFA food regulations
The above information is considered to be typical and not part of the product specification.

Date of Issue: January 2002

This document is presented in good faith but is not warranted as to accuracy of results. Also, freedom from patent infringement is not inferred. This information is offered solely for your investigation,
veritication and consideration. Penford Australia's disclaim all warranties expressed or implied, including but not limited to, warranties of merchantability and fitness for a particular purpose.
Technical data, which should not be considered as being specifications, fall within Penford Australia's standard manufacturing practise. Product received will vary within this range.
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APPENDIX B

’ Starch
Carbofydrate Nutrition

PRODUCT SPECIFICATION
&
HI-MAIZE® 1043 AT

PRODUCT DESCRIPTION TYPICAL AMALY SIS
Hi-maize®1043 is a natural, unmeodified, food grade, Muoisture : 10,0 - 13.0%
high amylose maize starch that is an enriched source Dietary Fiore (AOAC) 1 80% dsb min
of total distary fibre and resistant starch, and is not Protein (M x §.25) 1 1.0% max
organcleptically detected in most product applications. Farticle Size

Relained 212 micran : 1.0% max
CHARACTERISTICS Ash dsb : 0.5% max

pH :40-80
A fine, white, free-flowing powder, with no off odours ar Sulphur Dioxide : =10mgkg
flavours.
Mutritional Information

APPLICATIOMNS Typizal “as 15" 13.0% molsturz
Hi-maize®1043 may be used as a fibre source in Tetal Carbohydrate® e
bakery products, bread, breakfast cereals, pasta and Sugars : Hil
noodles, snack foods, soups, cerzal drinks, yoghurt Fat ) =01 :95.
and selzct dairy products. Sadium . ¢ 85 mgkg
Note: Hi-maize ®1043 is not soluble. Dietary Fibra : 522% min

LABELLING " @5 defined by FSANZ food regulations

STORAGE
Recommended labelling is MAIZE STARCH or

STARCH however please check local food labelling We recommend that Hi-maize 1042 be stored in a

requirements to ensure compliance. clean, dry area at ambient temperature and away

from heavily aromatic matenals. The shelf life for Hi-
maize 1043 is 24 months from the date of
manufaciure.

PACKAGING

Awvaillable in 25 kg and 50l moisture bamer, multivall

paper bags. GENERAL

Hi-maize® 1043 is both Kosher & Halal certified and
is Mon-GM ldentity Presened.

Izsued: Angust 2003

The mdwmaion gves mad ta fatora misde benen oo Bt o ook meesrch and ar bebrved 40 be cnrre T 00 guanty of dei sxoecy @ nade ey e v mge e
reco v G prichasas balzi cerg sy presinct i B soads prosdncbon raske fuin oen et delarros 0 ther cem misiscbon wheler (8 prodec i 2] scoapinse quadiy s 10 mzishis S
Crar amrle prrposs sndi (BET TRE TMIBELE crfeSEora B2 IEIEEEREVE oF R b ARy BEERISY S WES 3 change de Sregring previmons bet ackyect iz ech prosaem, SO ginene e
weaalabln iz meei pRrchsers (0 AANFArg o prodec iz thir sesin 1nd = 4 cuzms exces preeskng o Gy beamem . Modarg corbored haven rhall be coared s crpls the res-azubsnce of any
TEAVET BMEEE oF b coramEty B - Abon oo pERECE BNy oreanmon covared by any pate, wriboel etbeqity imm fe owaer of e palel Wi sl gt
PErCUrE i e Cur prvsdiec s in acodancs wiih the pridng procaphes of e Chereal Ammecinnnza’y H:'ln"pfwrln
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APPENDIX D
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APPENDIX E

Fresh wheat noodle

Fresh wheat noodle formation with three levels SfiRcorporation

Appendix / 100

Ingredient (Q) Control | 30% RS | 35% RS | 40% RS
Wheat flour 100 70 65 60
Resistant starch 30 35 40
Gluten 0 10 12 14
Water 30 37 39 41
Sodium chloride (NaCl) 1.5
Di-sodium carbonate (NEO3) 1.5
Di-potassium carbonate {KOs) 0.17
Beaten whole egg 15
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APPENDIX F

| nstant noodle

Instant noodle formation with three levels of R&arporation

Ingredient (Q) Control | 30%RS | 35% RS | 40% RS
Wheat flour 88 58 53 48
Modified potato starch 1P 12 12 12
RS 0 30 35 40
Gluten 0 21 23 25
Water 35 50 53 55
Di-potassium carbonate {RO3) — 0.02
Di-sodium carbonate (N&Os) ——— 0.02
Sodium chloride (NaCl) — 05
Gaur gum 0.4
Sodium acid Pyrophosphate (SARP) 0.04
Sodium tri-polyphosphate (STPP) 0.04
Beaten whole egg 5.5
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APPENDIX G
RESISTANT STARCH ANALYSIS

Principle

Sample is incubated with pancreatiamylase and amyloglucosidase (AMG)
for 16 hours at 37° C in shaking water bath. Nagistant starch is solubilised and
hydrolyzed to glucose by the combined action oftthe enzymes. The reaction is
terminated by the addition of an equal volume bfabl. Resistant starch (RS) is
recovered as a pellet on centrifugation. This énttvashed twice by suspension in
ethanol (50%v/v), followed by centrifugation.

RS in the pellet is dissolved in 2M KOH by visclyustirring in an ice-water
bath over a magnetic stirrer. This solution is redited with acetate buffer and the
starch is quantitatively hydrolyzed to glucose WA G. Glucose is measured with
glucose oxidase/peroxidase reagent (GOPOD), aadstli measure of the RS content

of the sample.

Calculations
Resistant starch is calculated according to tHeviahg:

Resistant Starch (g/100g sample) (samples containing > 10 % RS):
= AE x F x 100/0.1 x 1/1000 x 100/W x 162/180

= AE x F/W x 90.

Resistant Starch (g/100g sample) (samples containing < 10 % RS):
=AE x F x 10.3/0.1 x 1/1000 x 100/W x 162/180

= AE x F/W x 9.27.

where:

AE = absorbance (reaction) read against the reédpmk.
F =100 divided by absorbance of glucose standard
W = dry weight of sample analyzed

="as is" weight x (100-moisture content)/100]
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M easur ement of Resistant star ch

(2). Hydrolysis and solubilisation of non-resistant starch.

Weigh 100 £ 5 mg sample

v

Screw cap tube (Corning culture tube; 16 x 125 mm)
Gently tap tube: ensure sample falls to bottom

Add 4.0 ml of pancreatig-amylase (10 mg/ml) containing AMG (3 U/ml)

v

Mix by a vortex mixer

v

Attach them horizontally in a shaking water bath
Incubate at 37°C with continuous shaking
(200 strokes/minfor exactly 16 hr.

v

Remove tubes from water bath
¢ Remove excess surface water with paper

Remove the tube caps and treat with 4.0 ml of eth@® %)
‘l‘ Vigorous stirring by vortex mixer

Centrifuge at 1,500 g (approx. 3,000 rpm) for 1@ fmon-capped)

v

Re-suspend the pellets in 2 ml 50 % ethanol
‘l‘ Vigorous stirring by vortex mixer

Add 6 ml of 50 % ethanol

v

Mix the tubes and centrifuge at 1,500 g for 10 min

v

Decant the supernatants

Repeat suspension and centrifugation once more

v

Carefully decant the supernatants

v

Invert the tubes on absorbent paper to drain exioesd
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(2). Measurement of Resistant Starch

Add magnetic stirrer bar (5 x 15 mm) + 2 mL of 2d@H to each tube

Dissolve RS by stirring for ~ 20 min
(in an ice/water bath over a magnetic stirrer)

Add 8 mL of 1.2 M sodium acetate buffer (pH 3.8¢txh tube
with stirring on the magnetic stirrer.

Immediately add 0.1 n*L of AMG (3300 U/ml) (f]
Mix well and place the tubes in a water bath atG0°

Incubate the tubes for 30 min wi%h intermittent mgcon a vortex mixer

For samples containing > 10 % RS content;
Transfer the contents of the tube to a 100 mL velwim flask

Adjust to 100 ml with distilled water and mix well
Centrifuge aliquot of the solution at 1,500 g ,mid
For samples containing < 10 % RS content;

Directly centrifuge the tubes at 1,500 g for 10 rmia dilution)

Final volume in the tube is approximately 10.3 mi

Transfer 0.1 mL aliquots (in duplicate) of eithlee Wiluted or undiluted supernatants
into glass test tubes (16 x 100 mm)

Add with 3.0 mL of GOPOD reagent
Incubate at 50° C, 20 min
Measure the absorbance at 510 nm against a relslgeit

Preparereagent blank solutions by mixing 0.1 mL of 0.1 M sodium acetate buffer
(pH 4.5) and 3.0 mL of GOPOD reagent.

Prepare glucose standards (in quadruplicate) by mixing 0.1 mL of glucose (1
mg/ml) and 3.0 mL of GOPOD reagent.
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