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Abstract The changes in physiochemical properties of

flours obtained from the four selected grains after germi-

nation were investigated. After germination, the sprout

length of sorghum and millet was substantially larger than

that of brown rice and oat. Germination led to a decrease in

the apparent amylose content and swelling factor of flours.

Gelatinization onset and peak temperatures increased after

germination, while a slight decrease was found in conclu-

sion temperature. Compared to the raw flours, the germi-

nated flours derived from brown rice, sorghum, and millet

had lower gelatinization enthalpy, whereas the germinated

oat flour showed higher gelatinization enthalpy. Germina-

tion resulted in significant decrease in pasting parameters

of the four flours. Amylose leaching of sorghum and millet

flours increased after germination, while the brown rice and

oat flours showed a significant decrease in amylose

leaching. Results suggest that germination effectively

altered the physicochemical properties of grain flours,

which can be utilized as functional ingredient in the

preparation of grain-based products.

Keywords Germination � Flour � Physicochemical

properties � Grain � Brown rice

Introduction

Rice, oat, sorghum, and millet play a critical role in daily

human diet with providing a bulk nutrient and energy

source. Brown rice (Oryza sativa L.) is dehulled from the

whole grain rice, which contains nutrients including fatty

acids, minerals, and vitamins (Komatsuzaki et al., 2007).

Nonetheless, brown rice contains bran, which is not easy to

cook and therefore, not considered superior to milled rice

with a mild, nutty flavor, and chewier taste (Komatsuzaki

et al., 2007). Oat (Avena sativa L.), an outstanding cereal,

contains soluble dietary fiber and functionally active

component of b-glucan with cholesterol-lowering and

antidiabetic effects (Singh et al., 2013). Millet (Setaria

italica) is healthy and all-value crop cultivated in the semi-

arid tropics. The fermented sprouting millet is used to

produce added-value foods and beverages (Sudha et al.,

2016). Sorghum (Sorghum bicolor) has become increas-

ingly popular to consumers due to its high level of nutrients

and disease-prevention potential (Taylor et al., 2014). The

potential benefits of ancient grains such as brown rice, oat,

sorghum, and millet for food consumption were attributed

to the presence of significant amounts of dietary fiber,

bioactive compounds, vitamins, and minerals (Komat-

suzaki et al., 2007; Sudha et al., 2016; Singh et al., 2013;

Taylor et al., 2014).

Germination is an easily controlled and effective process

to enhance the nutritional qualities of grains (Komatsuzaki
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et al., 2007). After soaking, grains in water are germinated

in a humidity chamber under specific temperature. Ger-

mination leads to an increased activity of hydrolytic

enzymes in seeds and disintegration of major compounds

such as starch, fibers, and protein, which facilitates cooking

of the cereal kernels and texture improvement (Kaneko

et al., 2002). In addition, germination enhances the protein

content, storage stability, bioactive compounds, antioxidant

properties, and foaming capacity in grains. Thus, the con-

sumption of germinated grains has potential benefits to

human health (Chung et al., 2014; Suwanmanon and Hsieh,

2014). Compared to raw grains, germinated grains have

received attention recently due to the increases in nutri-

tional and functional qualities (Suwanmanon and Hsieh,

2014). In our previous study (Li et al., 2017), we investi-

gated the structure and physicochemical properties of

starches isolated from germinated grains (brown rice, oat,

sorghum, and millet) and found that the starches from

germinated grains had substantially decreased pasting vis-

cosity possibly due to the breakdown of starch molecules

by amylolytic enzymes. However, previous studies of using

germination to modify grain starches are not very practical

for industrial processing. There is growing interest from the

food industry in utilizing the germinated grain flours and

thus it is necessary to elucidate the physicochemical and

functional properties of flours for better control of indus-

trial manufacturing process (Falade and Christopher,

2015). However, the physicochemical and functional

properties of germinated flour from various grains have yet

to be fully investigated. Then, the aim of this study was to

investigate the impact of germination process on the

physicochemical characteristics of flours from brown rice,

oat, sorghum, and millet. It is important to understand the

impact of germination on the physicochemical properties

of flours from various grains before they are incorporated

to foods as ingredients and developed as added-value foods

with potential health benefits.

Materials and methods

Preparation of germinated grain

Four grains (brown rice-Ilpum cultivar, oat-Choyang, sor-

ghum-Sodamchal, and millet -Samdachal) were obtained

from National Institute of Crop Science (Suwon, Korea) in

2016. The brown rice, oat, sorghum, and millet seeds

(200 g) were sterilized in 1 L of 1% aqueous sodium

hypochlorite for 30 min and then rinsed with enough dis-

tilled water at least 10 times before being soaked at 25 �C
in 1 L of distilled water for 20 (brown rice), 12 (sorghum

and millet) and 8 h (oat), respectively. The hydrated grains

were allowed to germinate with layering over wet cellulose

pads in a humid chamber (JSTH-8000CP, JS Research Inc.,

Gongju, Korea) for 60 h at 25 �C (oat seeds) or 30 �C
(brown rice, sorghum, and millet seeds) with 95% relative

humidity. Germinated grains were dried at 50 �C until

reaching a moisture content of 10%. Sample seeds were

milled to fine flour using a mechanical grinder (DA5500,

Daesung Artlon Co., Seoul, Korea), screened through a

100-mesh sieve and stored at 4 �C for further analysis. The

germination percentage of the grains was determined using

the ratio of germinated seeds to the total seeds with 100

grains. The sprout length on the germinated grains was

measured by a Vernier caliper with 30 sprouts after the

specified germination times.

Apparent amylose content

The apparent amylose content of raw and germinated flours

was measured colorimetrically by the iodine affinity

method (William et al., 1970). Briefly, 5 mL of 0.5 N KOH

was added to 10 mg of flour and mixed for 20 min. After

neutralization by adding 0.5 N HCl, I2–KI solution

immediately was added, and the absorbance was measured.

The amylose content was determined from standard curve

obtained with potato amylose and maize amylopectin

(Sigma, St. Louis, MO, USA).

Physicochemical properties of flours

The color parameters of raw and germinated flours were

determined using a colorimeter (Minolta JP/CM-3500D,

Tokyo, Japan). The color parameters measured were L*

(lightness), a* (redness), and b* (yellowness).

The thermal properties of flours derived from raw and

germinated grains were measured by differential scanning

calorimeter (DSC4000, PerkinElmer Inc., Waltham, MA,

USA). Flour (6 mg, db) and distilled water (14 mg) were

added into a stainless-steel pan (PerkinElmer Inc.), which

was immediately sealed and allowed to stand for 2 h at

room temperature. The sample pan was heated from 10 to

130 �C at a heating rate of 5 �C/min.

The pasting properties of raw and germinated flours

were determined Rapid Visco-Analyzer (RVA-TecMaster,

Newport Scientific Pty. Ltd., Warriewood, Australia).

Flour (7% w/w, db) was dispersed in distilled water in the

RVA canister with 30 g of total weight. Flour slurry was

held at 50 �C for 1 min, heated to 95 �C at a rate of 6 �C/
min, held at 95 �C for 5 min, cooled to 50 �C at a rate of

6 �C/min and then held at 50 �C for 2 min with constant

stirring of 160 rpm.

Swelling factor of flours was measured following the

method of Tester and Morrison (1990). Briefly, flour slurry

(2%, w/w) was heated in a water bath at 80 �C for 30 min

and cooled immediately at room temperature. One
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milliliter of blue dextran solution (0.5 mg/mL, Sigma) was

added in the tube. After centrifugation at 1500 9 g for

5 min, the absorbance of the supernatant was determined.

Amylose leaching of flours was determined by the

method of Chung et al. (2008). Flour (20 mg, db) was

mixed with distilled water (10 mL) in a sealed tube, which

was heated at 80 �C for 30 min. The tube was cooled

rapidly under cold running tap water and centrifuged at

2000 9 g for 10 min. The amylose content of supernatant

was determined.

Statistical analysis

The reported data were the means of triplicate measure-

ments. Statistical analyses and least significant difference

tests were carried out using the SPSS V. 22.0 software

(SPSS Institute Inc., IL, USA) and p\ 0.05 was consid-

ered to be statistically significant.

Results and discussion

Germination characteristics of seeds

The sprout length of brown rice, oat, sorghum, and millet

seeds was evaluated to ensure germination (Fig. 1). With

increased germination time, the sprout length of brown

rice, oat, sorghum, and millet seeds was clearly increased

after sufficient steeping. Proper steeping is essential to

activate the enzymes needed for seed germination (Ko-

matsuzakij et al., 2007). The germination percentage and

sprout length of the tested grains differed during the ger-

mination periods in this study (Fig. 1). At 24 h of seed

germination, the sprout length from sorghum and millet

was substantially higher than that from brown rice and oat

(Fig. 1). This trend in sprout length was more substantial

with increase in germination time. After 60 h of germina-

tion, the sprout length in sorghum and millet ranged from 8

to 24 mm, while the sprouts obtained from brown rice and

oat ranged from 3 to 6 mm. Interestingly, the germination

percentage depended strongly on grain species. The ger-

mination percentage of sorghum and millet seeds after 48 h

was 80% and 84%, respectively, while all seeds derived

from brown rice and oat were germinated after 48 h in the

humid chamber (data not shown). This result is in line with

amylolytic enzyme activity reported by Dziedzoave et al.

(2010) who found that the germinated rice (* 200 units/g)

had significantly higher a-amylase activity than sorghum

(* 20 units/g) and millet (* 10 units/g) during germina-

tion periods. They claimed that the difference in the level

of endogenous gibberellins could account for these differ-

ences in amylolytic enzyme activity behaviors since the

gibberellins are the principal stimulators of enzyme

development in germinated grains. The non-emergence of

sprouts in some seeds of sorghum and millet indicates the

inability for physical rupture of the cell wall.

Apparent amylose content

Apparent amylose content of raw and germinated four

grain flours ranged from 15.8 to 11.3%, 17.2 to 14.3%, 4.0

to 3.0%, and 2.9 to 2.2%, respectively (Table 1). A sig-

nificant decrease in amylose content occurred after ger-

mination in brown rice and oat. The sorghum and millet

flours, which are waxy type species, also showed a slight

decrease in amylose content after germination. These

results are in accordance with previous studies reported by

Zheng et al. (2006) and Wu et al. (2013) with brown rice.

This result could be attributed that various stimulated

enzymes during germination degraded amylose in raw

Fig. 1 Sprout lengths during

germination. BR, brown rice

flour; OAT, oat flour; SOR,

sorghum flour; MIL, millet flour
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starch constituents. The inflation in amylose content of raw

sorghum and millet flours with waxy starch (4.0 and 2.9%,

respectively) may result from the interaction between long-

branched chains in amylopectin and iodine. Reduction in

amylose content of sorghum and millet flours after ger-

mination may be due to the degradation of long-branched

chains in amylopectin, which could form a helical complex

with iodine.

Color properties

The germinated flours from brown rice, oat, sorghum, and

millet differed in color properties during germination as

shown in Table 1. The color of grain flours is an important

physical property for utilization. The lightness (L*) was

reduced whereas yellowness (b*) was increased after ger-

mination of grain seeds, while the redness (a*) was not

significantly influenced (Table 1). Similarly, the decreased

lightness and increased yellowness were reported by Wu

et al. (2013) for germinated brown rice. Bhatty (1996)

claimed that the oxidative enzymes catalyzing enzymatic

browning were activated during germination, which

resulted in browning of seeds. Chung et al. (2012) also

suggested that the Maillard reaction between soluble sugars

and amino acids released by enzymatic hydrolysis during

germination resulted in color differences. The decrease in

lightness during germination of brown rice and oat was

more pronounced than that of sorghum and millet, which

may be attributed to differences in amylose content. The

greater decrease in amylose content of brown rice and oat

produced higher levels of soluble sugars, which may be

attributed to a more pronounced Maillard reaction.

Gelatinization properties

The gelatinization onset (To), peak (Tp), and conclusion

(Tc) temperatures, temperature range (Tc–To), and melting

enthalpy (DH) of germinated flours are presented in

Table 2. A large endothermic peak around 60–90 �C was

observed for all flours in our study, which may be attrib-

uted to the gelatinization of the starch in flours. The

gelatinization temperatures, temperature range, and

enthalpy of sorghum and millet flours were higher than

those of brown and oat flours, probably due to the differ-

ence in amylose content of starch in grains. Amylopectin in

starch may be responsible for starch crystallinity, while

amylose acts to disrupt packing of double helices in crys-

talline lamellae. The sorghum and millet containing waxy

starch may exhibit higher gelatinization enthalpy because

the starch with larger amylopectin content has usually more

double helices in crystalline regions.

The To and Tp for gelatinization of all flours increased

after germination, while a slight decrease was found in Tc
during germination (Table 2). Wu et al. (2013) and Xu

et al. (2017) suggested a significant increase in gela-

tinization temperatures of brown rice and adlay flours after

germination, respectively. During germination, the acti-

vated various enzymes such as amylase and protease may

cause a significant increase in sugars, peptides, amino

acids, and non-starch polysaccharide which may compete

between starch and these materials for available water and

Table 1 Apparent amylose

content and color properties of

raw and germinated brown rice,

oat, sorghum, and millet floursA

Sample Apparent amylose content (%) Color properties

L* a* b*

BR0 15.8 ± 0.3a 84.1 ± 0.1a 0.0 ± 0.1c 11.9 ± 0.0b

BR24 13.8 ± 0.3b 82.5 ± 0.2b 0.5 ± 0.1b 12.1 ± 0.3b

BR48 11.3 ± 0.1c 80.0 ± 0.1c 1.4 ± 0.1a 13.6 ± 0.2a

OAT0 17.2 ± 0.4a 84.0 ± 0.1a 0.4 ± 0.0a 10.8 ± 0.1c

OAT24 15.0 ± 0.2b 80.0 ± 0.1b - 0.5 ± 0.0b 17.5 ± 0.1b

OAT60 14.3 ± 0.2c 77.3 ± 0.0c - 2.0 ± 0.1c 24.4 ± 0.1a

SOR0 4.0 ± 0.0a 66.5 ± 0.1a 7.3 ± 0.0c 11.6 ± 0.1c

SOR24 3.9 ± 0.1a 64.1 ± 0.0b 7.7 ± 0.2b 12.3 ± 0.1b

SOR48 3.0 ± 0.1b 64.6 ± 0.0b 9.3 ± 0.0a 14.9 ± 0.0a

MIL0 2.9 ± 0.0a 66.5 ± 0.2a 2.3 ± 0.0a 18.5 ± 0.1b

MIL24 2.2 ± 0.0b 65.7 ± 0.2b 2.4 ± 0.1a 19.3 ± 0.1a

MIL48 2.2 ± 0.0b 65.9 ± 0.4ab 1.9 ± 0.0b 19.0 ± 0.2a

BR, brown rice flour; OAT, oat flour; SOR, sorghum flour; MIL, millet flour; 0, 24, 48, or 60, germinated

time
AValues followed by the different superscripts in the same column of same grain are significantly different

(p\ 0.05)
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a consequent reduction in water activity, resulting in an

increase in the gelatinization temperature (Chung et al.,

2012). It was reported that the amylase and protease

activities of germinated rice were reached up to 200 units/g

and 150 units/g, respectively (Dziedzoave et al., 2010; Li

et al., 2011). Xu et al. (2017) also suggested that the

increased protein hydrolysate such as peptides and amino

acids after germination raised starch gelatinization tem-

perature. Another potential mechanism for the increases in

To and Tp for gelatinization might be the perfection of pre-

existing crystallites in starch within germinated grains due

to annealing by the applied thermal energy during germi-

nation process and drying of germinated grains. The

reduction in Tc may be associated with the degradation of

lipids and proteins derived by germination (Xu et al.,

2012). The lipids and proteins in flour coat the starch

surface with a film, resulting in restriction of granular

swelling. In addition, the amylose–lipid complex in flour

may increase the melting temperature of gelatinization (Wu

et al., 2013). Thus, the degradation in interactions between

starch and protein/lipid during germination may contribute

to the decrease in Tc. Interestingly, the gelatinization

temperature range of all flours decreased during the ger-

mination. The degree of decrease in gelatinization tem-

perature range was much greater in sorghum and millet

than in brown rice and oat, which may be attributed to the

difference in amylose content of starch in grains.

The germinated flours from brown rice, sorghum, and

millet showed a reduction in gelatinization enthalpy com-

pared with those of raw flours, whereas an increase in the

gelatinization enthalpy was observed until 60 h of germi-

nation in oat. Similarly, the decrease in gelatinization

enthalpy during germination was reported for brown rice

(Chung et al., 2012; Xu et al., 2012). Gelatinization

enthalpy implies the extent of unravelling of the double

helices in crystalline regions (Cooke and Gidley, 1992).

During germination, enzymes are activated, catalyzing

starch degradation, which may disrupt the double helical

structure of starch. Consequently, less energy is required to

unravel and melt double helices of starch in germinated

flours. The increase in gelatinization enthalpy of germi-

nated oat flour until 60 h may be due to dissolution of

hydrolyzed starch granules during germination. The acti-

vated amylases preferentially may attack amorphous

regions in starch and the degraded fragments could be

discarded during prolonged germination and thereby

residual starch could have more double helical structures.

Pasting properties

The pasting properties of flours from raw and germinated

grains are shown in Table 3 and Fig. 2. Germination sig-

nificantly affected the pasting properties of selected grains.

The pasting temperature of sorghum and millet flours was

higher than that of brown rice and oat flours, which could

be attributed to their lower amylose contents. Pasting

temperature decreased with increased germination time. A

similar trend in pasting temperature during germination

was reported by Chinma et al. (2009) with tigernut flour.

Pasting temperature is an index of initial viscosity increase

by swelling of starch (Chinma et al., 2009). The decrease in

pasting temperature during germination was consistent

with the decrease in Tc of gelatinization.

A substantial reduction in peak viscosity and breakdown

was observed for brown rice, oat, sorghum, and millet

flours with increase in germination time (Fig. 2 and

Table 2 Gelatinization

properties of raw and

germinated brown rice, oat,

sorghum, and millet floursA

Sample To (
oC) Tp (

oC) Tc (
oC) Tc –To (�C) DH (J/g)

BR0 59.9 ± 0.0ab 66.8 ± 0.1b 76.0 ± 0.3a 16.1 ± 0.3a 7.9 ± 0.0a

BR24 59.6 ± 0.1b 66.9 ± 0.1b 75.0 ± 0.0b 15.4 ± 0.1b 8.0 ± 0.1a

BR48 60.0 ± 0.1a 67.7 ± 0.1a 75.2 ± 0.0b 15.3 ± 0.2b 5.9 ± 0.1b

OAT0 58.7 ± 0.0c 64.5 ± 0.1b 71.8 ± 0.0a 13.1 ± 0.0a 5.4 ± 0.1b

OAT24 59.3 ± 0.2b 64.8 ± 0.0ab 71.4 ± 0.1ab 12.1 ± 0.3b 5.6 ± 0.1b

OAT60 59.8 ± 0.1a 65.0 ± 0.1a 71.0 ± 0.3b 11.2 ± 0.1c 6.5 ± 0.0a

SOR0 67.3 ± 0.2b 74.0 ± 0.0b 84.6 ± 0.2a 17.3 ± 0.1a 10.6 ± 0.1a

SOR24 67.0 ± 0.2b 74.1 ± 0.0b 84.3 ± 0.2a 17.4 ± 0.3a 9.9 ± 0.0b

SOR48 68.1 ± 0.1a 74.6 ± 0.1a 82.3 ± 0.0b 14.2 ± 0.0b 8.5 ± 0.0c

MIL0 65.5 ± 0.3b 75.4 ± 0.0c 86.9 ± 0.1a 21.3 ± 0.4a 8.8 ± 0.1a

MIL24 65.5 ± 0.1b 76.1 ± 0.1b 86.2 ± 0.3b 20.7 ± 0.4a 7.3 ± 0.1b

MIL48 69.5 ± 0.0a 77.9 ± 0.3a 86.2 ± 0.0b 16.8 ± 0.0b 6.5 ± 0.2c

BR, brown rice flour; OAT, oat flour; SOR, sorghum flour; MIL, millet flour; 0, 24, 48, or 60, germinated

time; To, onset temperature; Tp, peak temperature; Tc, conclusion temperature; DH, gelatinization enthalpy
AValues followed by the different superscripts in the same column of same grain are significantly different

(p\ 0.05)
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Table 3). Similar trend in reduction of peak viscosity

during germination of brown rice was reported by Chung

et al. (2012) and Xu et al. (2012). The significant decrease

in peak viscosity and breakdown of germinated flours may

be due to the degradation of protein and starch induced by

the enzymes activated during germination (Chung et al.,

2012). Final viscosity and setback significantly decreased

with increase in germination time (Table 3). Setback and

final viscosity are related to the aggregation of amylose

molecules during cooling. Consequently, the decrease in

amylose content during germination (Table 1) led to a low

extent of recrystallization in leached amylose of gelatinized

starch molecules during cooling.

In our previous study (Li et al., 2017) with same

materials and under same germination conditions, the

pasting viscosity of isolated starches derived from germi-

nated brown rice and oat increased marginally, while sor-

ghum and millet starches exhibited significant reduction in

pasting viscosity, which was consistent with this study

involving germinated flours. It was noteworthy that the

impact of germination on pasting viscosity of flours and

starches obtained from the four grains was varied. Var-

avinit et al. (2003) suggested that pasting properties of

flours was highly influenced by starch, protein, and lipid as

well as amylase activity. Because starch is the major

component in the selected four grains, the degradation of

starch chains during germination contributes to the reduc-

tion in pasting viscosity. Li et al. (2017) suggested that

amylases activated during germination might cause the

sharp decline in pasting viscosity of flours during germi-

nation. However, unlike germinated flour, amylase activity

was substantially decreased during isolation of starches.

Zhu et al. (2010) claimed that the protein was one of major

factor underlying the differences in pasting viscosity of

flour and isolated starch from germinated grains. The

activated proteases hydrolyze proteins and disrupt disulfide

linkages. The protein degradation and lack of protein net-

work in flours increased mechanical fragility of the swollen

starch granules, which resulted in substantial reduction in

pasting viscosity. Consequently, the pasting properties of

isolated starch from germination grains may be primarily

influenced by the changes in amylose content and molec-

ular structure of amylopectin during germination, while the

overall changes in pasting parameters of the germinated

flour were more pronounced due to the presence of protein,

lipid, and residual enzymes.

Swelling factor and amylose leaching

The magnitude of swelling factor and amylose leaching of

raw and germinated brown rice, oat, sorghum, and millet

flours at 80 �C are shown in Fig. 3A and B, respectively.

The swelling factor of raw sorghum and millet flours was

greater than that of brown rice and oat flours, which could

be associated with their lower amylose contents. Similarly,

our previous report (Li et al., 2017) showed that the sor-

ghum and millet starches exhibited significantly greater

swelling factor than the brown rice and oat starches. A

substantial reduction in swelling factor was observed in

germinated flour compared with raw flour, and a profound

reduction with increase in germination period was accor-

dance with the results of peak viscosity in Table 3.

Table 3 Pasting properties of raw and germinated brown rice, oat, sorghum, and millet flours A

Sample Pasting temperature (oC) Peak viscosity (cP) Breakdown (cP) Setback (cP) Final viscosity (cP)

BR0 90.3 ± 0.0a 347 ± 2a 98 ± 5a 366 ± 15a 615 ± 12a

BR24 67.2 ± 1.2b 36 ± 3b 10 ± 4b 21 ± 3b 47 ± 10b

BR48 NDB 25 ± 1c 9 ± 1b 9 ± 1b 25 ± 1b

OAT0 92.3 ± 0.1a 479 ± 6a 181 ± 9a 919 ± 36a 1217 ± 51a

OAT24 90.7 ± 0.0b 208 ± 5b 109 ± 2b 185 ± 1b 285 ± 3b

OAT60 67.1 ± 0.0c 46 ± 6c 36 ± 4c 9 ± 0c 20 ± 3c

SOR0 75.2 ± 0.0a 680 ± 3a 316 ± 19a 171 ± 0a 535 ± 16a

SOR24 69.5 ± 0.0b 70 ± 3b 24 ± 2b 21 ± 1b 67 ± 2b

SOR48 66.7 ± 0.0c 33 ± 0c 17 ± 1b 5 ± 1c 22 ± 2c

MIL0 70.6 ± 0.0a 110 ± 2a 16 ± 1a 42 ± 1a 137 ± 2a

MIL24 ND 31 ± 1b 3 ± 1b 12 ± 1b 41 ± 1b

MIL48 ND 17 ± 1c 3 ± 0b 4 ± 1c 19 ± 1c

BR, brown rice flour; OAT, oat flour; SOR, sorghum flour; MIL, millet flour; 0, 24, 48, or 60, germinated time
AValues followed by the different superscripts in the same column of same grain are significantly different (p\ 0.05)
BNot detected as there is no defined pasting temperature during heating
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Similarly, a reduction in swelling factor was observed for

soybean flour, which was related to destruction of starch

granules and protein structure via enzymatic hydrolyzation

of glycosidic linkages and peptide bonds (Agume et al.,

2017). Ilowefah et al. (2014) reported that reduction of

swelling factor in rice flour after germination could be due

to the reduced starch content and starch degradation. Tester

and Morrison (1990) also reported that starch hydrolyza-

tion contributed to the decrease in swelling factor. Swelling

factor in flour is considered as the primary property of

starch and influenced by interactions between starch and

protein or lipid. Therefore, a significant decrease in swel-

ling factor of grain flour after germination may be attrib-

uted to the degradation of starch and protein.

Amylose leaching of brown rice and oat flours decreased

with an increase in germination time, whereas the sorghum

and millet flours exhibited an increase in amylose leaching

after germination (Fig. 3B). A similar trend in amylose

leaching was found in our previous report (Li et al., 2017)

involving the same four grain starches. We claimed that the

degraded amylose structure derived during germination in

brown rice and oat led to a decrease in amylose leaching,

whereas the increase in amylose leaching of sorghum and

millet during germination was associated with the linear

long chains generated from amylopectin by debranching

and hydrolyzing enzymes. However, the value of amylose

leaching in brown rice and oat flours (3 * 5%) was much

lower than in starches (6 * 10%) due to the interactions

among the components including protein, fiber, and lipid in

flour.

In conclusion, germination modified effectively the

physicochemical properties of the four grains. Therefore,

these germinated grain flours may be used as functional

ingredients in the preparation of grain-based products.

Fig. 2 RVA pasting curves of

raw and germinated brown rice

flour (A) and sorghum flour (B).
BR, brown rice flour; SOR,

sorghum flour; 0, 24, or 48,

germination time
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