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Highlights
* Trend of the clean-label starch market is growing continuously to meet the demands for
sustainable wellness
* Starch modification techniques with blending, physical and enzymatic methods for
innovative clean-label products

* Properties of clean- label starch and applications in several food products

Abstract

The trend of the health food product market is continuously growing. Clean label starch,
starch modified without chemical, is one of the ingredients that play an important role in the
transformation of the food industry. Various starch modifications without chemicals, such as
blending, physical methods (thermal and non-thermal treatment), and enzymatic modification,
provide different starch properties depending on process methods, starch types, and related
factors. Most starch blends have their properties that are non-additive behavior. The thermal
process results in partial gelatinization of starch. The non-thermal process mainly affects the
granular shape and surface area and may change the molecular structure. Enzyme treatment
greatly changes the properties of starch due to hydrolyzed molecular structure. Clean label
starch remains a challenge in applying process innovations in food industry to effectively
produce clean label food products for consumers.

Keywords : clean label starch, starch blends, physical modification, enzymatic modification
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Table 1 Starch blending conditions on properties for food applications

Blends Conditions

Influence on properties Applications

Potato starch /

- Different varieties of potato
Wheat flour™”

starch

Mung bean starch -
blends with

different botanical -
sources (potato,
sweet potato, rice
and sorghum
starches)"™

Different proportions (0, 20,
40, 60, 80, and 100%)
20% starch concentration

Different ratios (100:0, 67:33,
50:50, 33:67, and 0:100)
10% starch concentration

Sweet potato -
starch /
Cassava starch® -

- Potato starch with high Instant noodle
phosphate content improved
textural properties

- Potato starch increased PV, HV  Noodle
and FV

- Blending other starches
decreased storage modulus
(G) and increased tand of
mung bean starch gel

Noodle
(vermicelli)

- PV, BD and PT increased with
cassava starch

- G'25 and G"z5 decreased; similar
tand,s compared to the
predicted values
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Table 1 (continued)

Blends Conditions Influence on properties Applications
Rice starch / - Different ratios (10:0, 9:1, - Blending tapioca starch Frozen
Tapioca starch™ 8:2, 7:3, 6:4, and 5:5) increased gel strength and products

- 5% starch concentration

Different mixture ratios (9:1
to 1:9)

Pea starch / -
Corn starch”

Rice flour / - 30% rice flour

Wheat flour™® - Rice flour with different
amylose contents (2.2, 10.2,
and 17.2%)

freeze-thaw stability

G and G” decreased; tané
increased with blending
tapioca starch

Good mouthfeel with blending
of corn starch
Improving syneresis stability

Pudding, Sauce

Waxy rice flour increased Bread
extensibility of crumb and

retarded retrogradation

Abbreviations : PV, peak viscosity; HV, hot paste viscosity; FV, final viscosity; BD, breakdown; PT, pasting temperature.
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Table 2 Comparison of the effects of nonthermal techniques on starch structures and properties
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(soft gel)'®

(18)

Influence on structures and

properties

Application Comment

Technique Advantages Disadvantages
Micronization - Preserve Temperature
product quality increase

Granule surface became rough and
granules aggregated; molecular chains
- Some methods (e.g. degraded; RC and short-ranged order

- Micronized starch -
could be utilized as a
fat replacer, texture

jet milling) are decreased; improver, and gel
costly and have low  SP, solubility, and digestibility agent
yields increased;

To, Tp, T, and AH decreased;
starches displayed weakened shear-
thinning behavior.

Plasma No chemical Increase the Cracks or holes emerged on the Microbial Research still
residues; oxidation of lipids; granule surface; crystalline type decontamination; in infancy; not
Minimal - Complexity of action unaffected but RC increased or Modification of food applied on the

thermal effects
on product

- Cost-effective

decreased; molecular chains
degraded; short-range order
quality; decreased;

Solubility, SP, and WAI increased;

components; industrial scale.
- Degradation of

agrochemical residues

viscosity decreased; To, Tp, T, AH,
and digestibility increased or
decreased; starch pastes exhibited
soft gel behavior.
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Table 2 (continued)

Influence on structures and

Technique Advantages Disadvantages . Application Comment
properties
High- - Preserve - High equipment cost  Granule morphology and crystalline - Pressurized starches -
pressure product quality; structure unaffected with pressure could be used as fat
- No evident below 500 MPa but destroyed substitutes
toxicity; completely at 600 MPa;
- Short M, reduced while AMC increased;
processing time Under higher pressure, solubility and
SP increased at low temperatures
but reduced at high temperatures;
To, Tp, Te, DH and viscosity
decreased; gelatinization peak
disappeared at 600 MPa; digestibility
either increased or decreased.
Ultrasound Simple and Heat generated may  Granules deformed; pores and cracks Emulsification; -
efficient; cause temperature emerged on the surface; crystalline Formation of starch
Higher product increase; type unchanged but RC reduced; inclusion complex and
yields; Lack of molecular chains degraded with M,, starch-based edible
No residues standardization and reduced but AMC film;
reproducibility increased; - Bioethanol production
Solubility and SP increased; 7o, Tp, Te, from starch
AH
and viscosities (PV, FV, TV, SV, and BV)
decreased; starch pastes exhibited a
more elastic characteristic; digestibility
increased or decreased.
Pulsed Short time; - Not suitable for Granule surface roughened and Modification of starchy Limited studies
electric field No residues; solid products displayed cavities and fissures; foods; and most still

Y- No chemical - May negatively
Irradiation residues; affect the sensory
Low and

temperature; physicochemical

- Energy-saving

High efficiency
- Easy to operate

molecular chains degraded;
To, Tp, Te, AH, and paste viscosity
decreased.

Granules retained original shapes and
integrity, despite some starches
showed fractured and cleaved
granules; crystalline type unaffected
but RC reduced; molecular chains
depolymerized; AMC reduced;
Solubility and digestibility increased;
SP, To, Tp, Te, PV, and SV decreased
in most cases, SP, T,, Tp,, and 7. also
reported to increase.

properties of some
starch- based
foods.

- Inactivation of
microorganisms and

in the

laboratory so

enzymes; far; more
An effective alternative research
for cold pasteurization  needed.

Sterilization and food
preservation;

- Production of
irradiated feed
suitable for poultry
and livestock

Abbreviations

: AMC, amylose content; BV, breakdown viscosity; AH, gelatinization enthalpy change; FV, final

viscosity; My, weight-average molar mass; PV, peak viscosity; RC, relative crystallinity; RDS, rapidly digestible starch;

RS, resistant starch; SDS, slowly digestible starch; SP, swelling power; SV, setback viscosity; T,

concluding

gelatinization temperature; T,, onset gelatinization temperature; T, peak gelatinization temperature; TV, trough

viscosity; WAI, water absorption index
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