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Development and industrial application of low-calorie food ingredients derived from starches
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Abstract

Indigestible carbohydrates as dietary fiber have
attracted interest of consumers due to their several
physiological benefits. Recent definitions of dietary
fiber have included other indigestible carbohydrates
such as resistant starch and resistant maltodextrins,
which are natural, colorless, odorless and tasteless
low—calorie food ingredients. Unlike some carbohy-
drates and digestible starches, indigestible starch and
maltodextrin resist enzymatic hydrolysis in the upper
gastrointestinal tract, resulting in little or no direct
glucose absorption. In addition, there is increased mi-
crobial fermentation production of short—chain fatty
acids in the large intestine. As an emerging function-

al low—calorie food ingredient, resistant starch and
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maltodextrin have been shown to have equivalent or
superior impacts on human health compared to con-
ventional fiber—enriched food ingredients. In this pa-
per, the definition, strategies to enhance dietary fiber
content in foods, some potential health benefits, and
applications in food industry for indigestible starch

and maltodextrin are summarized and discussed.

Keywords: starch, low—calorie food, food ingredi-

ent, indigestible starch, indigestible maltodextrin.
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Table 1. Carbohydrate—based fat replacer in low—calorie food (Adapted from Lee, 2007)

Fat replacer from ) S
carbohydrate Source Calorie (kcal/g) Application Product
Maltodextrin Cormn star?h, potato starch, -4 Bulking a'gent, salad dressing, Glob.e
tapioca starch margarine, frozen dessert (Ingredion)
. Frozen dairy product, pudding, Sta—Lite
Polydextr Dextr tur 1
Oydextrose CXIToSe miiure baked goods (Tate & Lyle)
. Partial hydrolysis with oat Dairy product, frozen dessert, Trimchoice
Oatrim 1-4
starch baked goods (Staley)
Modified starch Starches from corn, 1-4 Process§d meats, salad firessing, Versaﬁbe
potato, wheat and oat dairy product frosting (Ingredion)
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A AUPAEE A AU
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MERes W olo] SEA, AR, W, ejus
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Sof| ARRETH %} A Elu) ot AES 84 F
Mo shaRasio] YAshe wEE Ao
HhAA = AREE AL F o= A HE
g A~ E o] YA ko] 2 kcal/gi RS
= A= o]-8-F L ek

—

n A rlr o

A A

HAHERS 7z} 1 @
S B o] MRS SRA, Beld W BaHo

2 Befo] PAU BHS WBHAA Azt AR
o] gy AARo] ofo] s{Fshu] 43t A9 5

A @710 FAIE, YETA, ATAE] ML 4

Azasta A9 1292 (2019)

A2 gL Atk

2, MeF AXZHO| APy M

273k 4t Al AgRe] Fa/do] QA EHA A
F7Fskal MR 755
F2A17 5 9 A Aol 2755 k. o
off A Asf@anof Ofsf A g s
E}—)Fil%(indigestible carbohydrate) 2] ¥H4lo] &7}

ShaL QUi of7|o] Y, BejUiERO A, A

© Rapidly digestible starch, RDS
Severs as a rapid energy source and is
mainly digested in the mouth and
duodenum inthe small intestine.

Oral cavity

® Slowly digestible starch, SDS
Severs as a slow energy source and is
mainly digested in the jejunum and the
ileum of the small intestine and can
modulate the blood glucose level.

Esophagus

Stomach

@ Resistant starch, RS
Severs as an energy source for the
colonic microbiota

Small intestine
Duodenum
Jejunum

lleum

Large intestine
Colon
Cecum

Figure 1. Starch nutrition fraction and position of digestion in
human gut (Adapted from Sorndech et al., 2017),



Table 2, Nutritional classification of starch (Adapted from Jeong et al,, 2019)

Digestion description

Type of starch Food source (location) Structure
Rapidly digestible starch (RDS) Freshly cooked starchy food Rapid Amorph
apidly digestible starc eshly cooked starchy foo (mouth and small intestine) orphous
Slowly digestible starch (SDS) Granular starch (maize and pulse Slow buF corn.plete .Rigid amorphou§
starches) and partially retrograded starch (small intestine) /imperfect crystalline

Resistant starch (RS)

Resistant

Mainl talli
(fermentation in colon) ainly crystatiine

RS1-physically inaccessible starch

Partly milled grains and seeds

RS2-resistant starch granules

Raw potato and green banana

RS3-retrograded starch

Cooked, cooled potato, bread, and comn
flakes

RS4-chemically modified starch

Chemically cross—linked and acetylated
starches

RS5—-amylose—lipid complex

The amylose—lipid complex fraction in

starches
3 YEUAER], GAasHd AE 5ol T, Ao= deA QU
A A5 Aol A askadof o) 2 AR oA 3R] o= HET A
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(A 3AE resistant starch, RS) 2. 2 JLE =] THTable ) 2 ¥4 H(short—chain fatty acid, SCFA)-2- A34d3H
%

2). Fig. 13} Zro] RDS+= ARk AlRLof| A w2 7] 4 o2

O

Y| 90151 n] &0 AARS =213 thA)
S

Sp5)7]0) AL WA S7PAIZICh o RDS B ¢S ol FAARS Wi a3 glrka
o] & AFS AT HAS HW Grerk B 24 UrkKang 5, 2000). o] 23 S-S ety
TS U R0 delA ek tpRe]  ARo] AUF AR ol§Ho] Hg AL o

B VBAELS B2 RDS TS FRAT. 1 A o Uelo] Hek.

of vjaLsh SDS= 4% HWAlE
SRR A, Hi o] SRl S 5
&gt RDS2} ‘ﬂlﬂﬂ?‘i &o} H7p 2|7 o RS oheRt RS 7RI AL Q7]
F2H Ee F= ol AGHEAE Alxol Wol ol85= a4 ol &

SHBHHA A AT

wof oA = 2.2, d2ob8 HEY F
)

361
" Food Science and Industry (Vol.52 No.4)




~

N

Gy - B
() =
9 Soisnce and W2

é\x\\\l\
femy

Junction zone-
Double helices

/)
~ fem =S

Random coil Crystallites

Figure 2. Schematic of amylose retrogradation (Adapted from
Haralampu, 2000).
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23] HE2 57HA] 9] PR RSk Qlrk(Sa-
jilata =, 2006; Jeong =, 2019).
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o2 gavk {4 5 gl7lol dasd §4
HRIeh golut Ao g2 AlxE AFAlolu A
oA Q] =& TAadHd Hio| olef st 1
L} RS19| RS gFef2 H| A wrouw EGE A
of o]-g = 7 o Fe4 o] FuA|
|oll RS go] AA|s] Wolx|7] wizof 4k 4] o]
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=5 amyloglucosidase 2], buffer®] pH, u®F <
w7 ARAQ FFFS A Berry(1986)= 10
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Figure 3, Classification of the bioavailability of nutritional starch
fractions,
() In vitro digestion using the Englyst assay (G20 and
G120 indicate glucose released after 20 and 120 min,
respectively) and (b) in vivo glycemic response to RDS,
SDS, and RS (Adapted from Miao et al., 2015).
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o] HHe ¥F FAALY FY2HE SXE
oy ¥ %3 QItH(Cheng} Lai, 2000). E3t
washy die] Aile AT A AlekE 415t
7] migell AEA Y Aile AY=Ae #aA7)

31 A=t vrke ofek 4= Qlth(Shimotoyodome 5,

Sh?
i

o
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gk A AR AFe AEe] e 5
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Figure 4. Weight changes during 2 years according to diet group
(Adapted from Shai et al., 2008).
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Table 3, Possible application in low—calorie foods of resistant starches (Adapted from Shin, 2004)

Types of food product

Application

Bakery products Bread, cake, cookie, pastry, hard roll, bagel
Noodles White salted noodle, yellow alkaline noodle, ramen, pasta, dumpling, starch noodle
Flour mix Premix flour, RS supplemented wheat flour
Rice products Rice cake, rice cookie
Extruded products Snack, breakfast cereal, noodles

Fat replacer

Fat free or low fat dressing, sauce, low fat cheese, ice cream, yogurt

Encapsulating material

Powdered flavoring, capsule for probiotics

Coating material

Enriched cereal grains, coating powder for mochi

Pharmaceutical formulation

Excipient, binder, diluent powder

Absorbent

Anti—caking agent
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Table 4. Dietary fibers recognized in functional ingredients for health functional foods
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