R EmiB Modern Food Science and Technology 2019, Vol.35, No.6

Changes in Protein, Saponin Content and Starch Profiles of Quinoa
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Abstract: Germination is an effective processing method to improve the texture and nutritional value of cereals. This study aimed to
investigate changes in protein, saponin content and starch profiles of quinoa seeds during germination. Results showed that the crude and soluble
protein content of quinoa seeds increased significantly by 5.38% and 17.55% during germination. As the germination time gradually increased,
the total starch, amylose and amylopectin content decreased by 25.95%, 4.86% and 29.53%, respectively, while the reducing sugar content
increased significantly by 26.60%. In addition, germination process significantly improved the in vitro starch digestibility of quinoa seeds. The
percentage contents of rapidly digestible starch (RDS), slowly digestible starch (SDS) and resistant starch (RS) were 38.45%, 43.64% and
17.90% in raw quinoa seeds, respectively. The RDS increased significantly to 53.46% after germination for 48h, while SDS and RS decreased to
40.42% and 6.11%, respectively. Moreover, the total saponin content of quinoa seeds increased significantly by 16.46% after germination.
Therefore, germinated quinoa seeds have better nutritional value and digestibility, and can be used as functional food ingredient for human
healthy.
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Quinoa (Chenopodium quinoa Willd) has received
increasingly attention in recent years due to its
excellent nutritional and functional values. It is not
only rich in macronutrients such as protein and starch,
but also a large variety of phytochemicals such as
saponin. Unlike other cereal proteins, quinoa proteins
are accepted as high quality protein due to their
balanced pattern of essential amino acids, and contain
high level of lysine which is the limiting amino acids
in conventional cereals'". Saponin represents another
important family existed in quinoa, and is abundantly
located in the outer layers of quinoa seeds. These
compounds have recently showed a wide range of
biological activity such as antifungal, anti-cancer,

activities? ™.

anti-inflammatory and antioxidant
Therefore, numerous health benefits could be obtained
from consumption of quinoa, such as antioxidant,
anti-obesity, anti-diabetic and anti-cancer activities!'!,
The process of germination not only softens the
kernel structure, but improves the nutritional quality of
cereals”!. Recently, much attention has been paid to
investigate the changes in nutritional compounds of
cereals during germination. It has been reported that
content increased

the protein significantly in

germinated oat, rice and black bean, and the protein
properties were also improved after germination®™.
However, little information existed regarding changes
in protein content of quinoa seeds during germination.
In addition, effect of germination on starch profiles
was evaluated in cereals. Tian et al.”® found that the
starch content decreased significantly in oat seeds after
germination. Subsequently, germination process was
reported to reduce the total starch content and increase
the amylopectin /amylose ratio of brown rice®. A
recent study reported that the digestibility of starch
from brown rice increased after germination''.
Several studies had been reported that the total starch
content decreased significantly in quinoa seeds during
germination!'™*!. However, the effect of germination
on in vitro starch digestibility such as the percentage
content of rapidly digestible starch (RDS), slowly
digestible starch (SDS) and resistant starch (RS) of
quinoa seeds was not investigated in these studies.
Moreover, it is not clear how the change in saponin
content vary throughout germination process of quinoa
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seeds.

Therefore, the objectives of this study were to (1)
investigate the changes in protein and saponin content
of quinoa seeds during germination; and (2) evaluate
the effect of germination on starch profiles of quinoa
seeds.

1 Materials and methods

1.1 Chemicals and reagents

3,5-Dinitrosalicylic acid, porcine pancreatic
a-amylase (30000 U/g) and amyloglucosidase (10000
U/g) were purchased from Sigma-Aldrich Chemical
Co. (St. Louis, MO, USA); Coomassie Brilliant Blue
assay kit was purchased from Nanjing Jiancheng
Bioengineering institute (Nanjing, China); Oleanolic
acid was obtained from Aladdin Reagents (Shanghai,
China); All other reagents used were of analytical

grade or above.
1.2 Sample preparation

Quinoa (Chenopodium quinoa Willd) seeds were
purchased from Huaqing Quinoa Co. Ltd. (Shanxi
Province, China) and stored at 4 “C until germination.
Quinoa seeds were sterilized using 0.07% sodium
hypochlorite with a ratio 1:5 (W/F) for 15 min, and
then washed with distilled water to a neutral pH.
Quinoa seeds were soaked in distilled water for 6 h at
room temperature. The soaked seeds were placed in a
tray with two layers of wet laboratory papers and
germinated for 0, 12, 24, 36 and 48 h at 30 C,
respectively. Wet laboratory papers were kept moist by
spraying with distilled water every 8 h. All samples
were freeze-dried and milled into powder through an
80-screen mesh and stored at -20 ‘C before analysis.

1.3 Determination of crude and soluble

protein content

The nitrogen content was determined using the
Kjeldahl method according to the national standard of
People’s Republic of China (GB 5009.5-2016). The
nitrogen to protein conversion factor of 6.25 was
utilized to calculate the crude protein content.

The soluble protein content was determined using
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the Coomassie Brilliant Blue assay kit. Briefly, 1.0 g
sample was mixed with 9.0 mL of distilled water, and
then centrifuged at 2500 r/min for 10 min. The
supernatants were collected, and diluted with distilled
water to a final volume of 25 mL. Then, 50 pL of
diluted solution or protein standard (0.563 g/L) or
distilled water was mixed with 3.0 mL of Coomassie
Brilliant Blue reagent. The mixture was incubated at
room temperature for 10 min. The absorbance of final
mixture was detected at 595 nm using a Shimadzu
UV-1800 spectrometer (Shimadzu Inc., Kyoto, Japan).
The soluble protein content was calculated as follows:
The soluble protein content of sample (g/L) =
[(sample  absorbance-blank  absorbance)/(standard
absorbance- blank absorbance)] x the protein content

of standard (0.563 g/L).

14 Determination of total starch and

amylose/amylopectin ratio

The total starch content was determined using the
acid hydrolysis method based on the national standard
of People’s Republic of China (GB 5009.9-2016).

The amylose content was determined according to

colorimetric ~ method  with  slight

14]

an iodine
modification! lodine solution was prepared by
adding 2.0 g KI and 0.2 g I, to 100 mL distilled water
and stored in dark. Sample was firstly defatted and

desugared with hexanes and ethyl alcohol, respectively.

Briefly, 0.1 g defatted and desugared sample was
mixed with 10 mL of 0.5 M KOH solutions, and
reacted in a 70 C water bath for 10 min. After
cooling, distilled water was added to bring the total
volume to 50 mL. A reagent blank was prepared in the
same way without adding starch. 2.5 mL of mixture
was diluted with distilled water to 30 mL, and then the
pH was adjusted to 3.0 with 0.1 M HCI. The mixture
was mixed with 0.5 mL of iodine solution and distilled
water to a final volume of 50 mL. After incubation at
room temperature for 20 min, the absorbance of final
mixture was detected at 630 nm. The amylose from
rice was used as the standard. The amylose content
was expressed as g/100 g of sample.

The amylopectin content was calculated as total

starch content minus amylose content.

1.5 Determination of reducing sugar content

The reducing sugar content was determined using
the 3,5-dinitrosalicylic acid (DNS) method!"”!. Briefly,
2 g sample was diluted with 30 mL of distilled water,
and then vortexed at room temperature for 30 min.
After centrifugation at 2500 r/min for 10 min, the
supernatants were diluted with distilled water to bring
the total volume to 50 mL. 1 mL of diluted mixture
was mixed with 0.75 mL of DNS solution, and
incubated in a 70 ‘C water bath for 10 min. 10.75 mL
of distilled water was then added to the cooling
mixture. The absorbance of final mixture was detected
at 540 nm, and the glucose was used as the standard.
The reducing sugar content was expressed as mg/g of
sample.

1.6 In vitro starch digestibility

In vitro starch digestibility was evaluated
according the previous method with some modification
191 The mixed enzyme solution consisted of porcine
U/mL) and
amyloglucosidase (15 U/mL). Briefly, 0.3 g sample
was diluted with 10 mL of acetate buffer (0.2 M, pH
5.2), and mixed with 10 mL of mixed enzyme solution.

pancreatic a-amylase (290

The mixture was incubated in a shaking water bath at
37 C with the shaking speed of 120 r/min. After
incubation for 0, 20 and 120 min, respectively, 1 mL
enzymatic solution was taken out, and diluted with 1.5
mL distilled water. The enzymatic solution was then
incubated in a boiling water bath to inactivate enzyme.
After cooling, the enzymatic mixture was centrifuged
at 6000 r/min for 10 min, and the supernatant was used
to determine the reducing sugar content using DNS
method.

In vitro starch digestibility was characterized by
measuring the percentage content of rapidly digestible
starch (RDS), slowly digestible starch (SDS) and
resistant starch (RS). The percentage content was
calculated as follows:

RDS(%)=[(G20-Go)*0.9/TS]x100

SDS(%)=[(G120-G20)*0.9/TS]x100

RS(%)=100-RDS-SDS

Where Gy, Gy and Gy was the content of

reducing sugar in enzymatic solution after digestion
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for 0, 20 and 120 min, respectively, and the TS was the
total starch content of sample.

1.7 Extraction and determination of total

saponin content

Total saponin was extracted according to the
previous method with slight modifications!"”). Quinoa
samples were hydrolysed in reflux at 80 C for 1 h
with methanol (1:10, W/FV). The hydrolysd solution
was then centrifuged at 2500 r/min for 10 min to
remove supernatant, and this process was repeated
once. The combined supernatants were concentrated
using an Eyelan-1100 rotary evaporator at 45 C
(Tokyo Rikakikai Co. Ltd., Tokyo, Japan) to a final
volume of 10 mL. The final extract solution was stored
at-20 ‘C until use.

Total saponin content was analysed based on a
previous method with some modifications'®). Briefly,
0.2 mL of the saponin extract solution was put in a
70 C water bath to remove solvent. After cooling,
the extract was mixed with 0.2 mL of 5% (W/V)
vanillin (dissolve in acetic acid). Then, 0.8 mL
perchloric acid was added and reacted in a 70 C
water bath for 10 min. The cooled mixture was then
mixed with 5 mL acetic acid and incubated in room
temperature for an additional 10 min. The absorbance
was detected at 550 nm, and oleanolic acid was used as
the standard. Total saponin content was expressed as
mg oleanolic acid equivalents (OAE) per g dry weight
(DW) of quinoa sample.

1.8 Statistical analysis

The results were expressed as the mean + standard
deviation (SD) for triplicate measurement of each
sample. The means were analyzed for significance
using one-way ANOVA followed by the SNK-q test (p
< 0.05). All of statistical analysis was calculated using
SPSS 19.0 software (SPSS Inc. Chicago, IL, USA).

2 Result and discussion

2.1 Effect of germination on protein content

Effect of germination on crude and soluble protein
content of quinoa seeds are shown in Fig. 1. The crude

20

protein content of raw quinoa seeds was 13.95 g/100 g.
A significant increase in the crude protein content was
observed after germination. The highest crude protein
content was obtained at 36 h (14.7 g/100 g), which
increased by 5.38% compared with initial content.
Consistent with our results, Tian et al.”™ reported that
protein content of oat seeds increased from 18.98 to
22.02 g/100 g after germination for 144 h.
Kupkanchanakul et al® also found a significant
increase in the crude protein content of pre-germinated
brown rice for three cultivars. These results could be
attributed to that the metabolism of quinoa during
germination resulted in the dry weight losses, thus, the

germinated quinoa would contain more nitrogen than

raw sample.
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Fig.1 Effect of germination on crude and soluble protein
content of quinoa seeds

Note: Means with different letters are significantly
different (p<0.05).

In addition, the results showed that germination
process resulted in an increase of soluble protein
content of quinoa seeds. As the germination time
increased from 0 to 48 h, the soluble protein content
increased significantly from 4.90 to 5.76 g/100 g. The
germinated quinoa seeds for 48 h shown highest
soluble protein content, and was 1.18 times higher than
that of quinoa before germination. The probable reason
is that the protein in quinoa seeds was degraded and

converted into a soluble form during germination™.

2.2 Effect of germination on starch profiles

and in vitro digestibility

Effect of germination on total starch and reducing
sugar content of quinoa seeds are shown in Table 1.
The total starch content ranged from 59.27 to 43.89
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g/100 g, and the reducing sugar content ranged from
6.09 to 7.71 mg/g. As the germination time increased
from 0 to 48 h, the total starch content decreased
significantly from 59.27 to 43.89 g/100 g with a
greater declining rate observed after 24 h, while the
reducing sugar content increased significantly from
6.09 to 7.71 mg/g. These results could be due to that
the a-amylase activity increased along with the

prolongation of germination time, and increased
rapidly after 24 h. Thus, starch was hydrolyzed into
dextrin and other sugar with small molecular weight.
Furthermore, the vigorous respiratory metabolism of
germinated quinoa seeds could also utilize starch!'?!,
Therefore, germination process resulted in the decrease
of total starch and increase of reducing sugar in quinoa
seeds.

Table 1 Effect of germination on starch properties of quinoa seeds

Time/h Total Starch/(g/100 g) Amylose/(g/100 g) Amylopectin/(g/100 g) Reducing Sugar/(mg/g)
0 59.27 £ 1.96%* 8.64 +£0.27* 50.63 £ 1.69* 6.09 £0.35°
12 58.71 £2.20° 8.51 +£0.26 50.20 +2.04* 6.25+£0.12°
24 56.15 £ 1.04° 8.30 £0.20* 47.86 + 1.24° 6.38 £0.10°
36 51.77 +0.69" 8.18 +0.20° 43.59 +0.80 7.1540.22°
48 43.89 +1.03¢ 8.22 +£0.33" 35.67 +1.25° 7.71 £0.32%

Note: * Values with different letters in each column are significantly different with respect to different germination time (p<0.05).

Effect of germination on amylose and surface of starch particles, and thus improved the

amylopectin content of quinoa seeds are shown in
Table 1. The amylose and amylopectin content
decreased from 8.64 to 8.22 and 50.63 to 35.67 g/100 g,
respectively, whereas the decrease of amylose did not
show the statistically significant difference. The
amylose/amylopectin ratio of quinoa seeds increased
from 0.17 to 0.23 during germination. In accordance
with our results, Wu et al.l”! reportd that total starch,
amylose and amylopectin content of three rice
cultivars decreased significantly after germination.
However, they found that the amylose/amylopectin
ratio decreased with prolonged germination time. This
difference was partly attributed to that the enzymolysis
rate of amylose by amylase was lower than that of

amylopectin''®*”,  so  that the

amylopectin  in
germinated quinoa seeds was hydrolyzed faster than
amylose. Therefore, the amylose/amylopectin ratio of
quinoa starch increased during germination.

Effect of germination on percentage content of
rapidly digestible starch (RSD), slowly digestible
starch (SDS) and resistant starch (RS) in quinoa seeds
are shown in Table 2. The results showed that the
percentage content of RSD increased from 38.45% to
53.46%, while the SDS and RS decreased from
43.64% to 40.42% and 17.90% to 6.11%, respectively.
Similar results have been reported previously in lentil

[10,21]

and brown rice . The probably reason was that

germination caused the damages and pores on the

efficiency of enzymatic hydrolysis!'®. Al-Rabadi et al.
(221 reported that the starch digestibility might be
affected by the particle size and structures of starch
including amylose content. Therefore, as germination
time  gradually increased, the increase of
amylose/amylopectin ratio might also be the reason for
the increase of starch digestibility in quinoa seeds.
There results indicate that germination process could
significantly improve the starch digestibility of quinoa
seeds. The results of present study can provide useful
information with potential application of germinated
quinoa seeds for an industrial scale.

Table 2 Effect of germination on in vitro starch digestibility

of quinoa seeds

Time/h RSD/% SDS/% RS/%
0 38.4540.63%*%  43.64+1.13°  17.90+1.24°
12 38.87+0.80°  44.60+1.20°  16.53+1.89°
24 40.08+0.75°  44.48+1.58°  15.44+2.32°
36 46.22+1.85°  43.67+0.74*  10.11£1.95°
48 53.46+2.65°  40.42+1.81°  6.11+1.54°

Note: RSD: rapidly digestible starch; SDS: slowly
digestible starch; RS: resistant starch.* Values with different
letters in each column are significantly different with respect to

different germination time (»p<0.05).

2.3 Effect of germination on total saponin
content
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Effect of germination on total saponin content of
quinoa seeds are shown in Fig. 2. The total saponin
content of raw quinoa seeds was 9.78 mg OAE/g DW.
Then, the saponin content increased significantly in a

time-dependent manner from germination for 0 to 48 h.

As the germination time increased from 0 to 12, 24, 36
and 48 h, the total saponin content increased
significantly by 2.56%, 6.03%, 8.90% and 16.46%,
respectively. Similar results were also observed in
soybean, lentil and black bean that the total saponin
content increased significantly after germination'> >,
In addition, it was reported that germination process
has effect on compounds involved in the plant defence
system' ). Meanwhile, saponins are widely present in
quinoa seeds, and their natural function is to defend the
261, Therefore, the

increase of total saponin content in this study could be

plant from the external medium

partly interpreted as the accumulation of plant

defensins during germination.

1.7}
114}
1L1F
10.8 be
10.5
102
9.90

9.60 1 1 1 1 1
Oh 12h 24h 36h 48h

cd

Saponin Content / (mg OAE/g DW)

Getmination Time
Fig.2 Effect of germination on total saponin content of
quinoa seeds
Note: Means with different letters are significantly
different (p<0.05). OAE: oleanolic acid equivalents; DW: dry
weight.

3  Conclusion

Germination is an effective process to improve the
texture and nutritional value of cereals. In the present
study, germinated quinoa seeds induced substantial
changes in protein. The results showed that the crude
and soluble protein content of quinoa seeds increased
significantly after germination for 48 h. In addition,
germination process had a great influence on the losses
of total starch, amylose and amylopectin content, but
could significantly improve the digestibility of quinoa
seeds. The percentage content of RDS in quinoa seeds
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increased significantly, while the SDS and RS
decreased during germination, respectively. The
amylase / amylopectin ratio was also increased with
prolonged germination time. Moreover, a significant
increase was observed in total saponin content of
quinoa seeds after germination. In summary,
germination process can improve the nutritional value
and digestibility of quinoa seeds. Therefore,
germinated quinoa seeds can be used as a natural

source for functional food ingredients.

Reference

[1] Vilcacundo  Rubén, HernandezLedesma  Blanca.
Nutritional and biological value of quinoa (Chenopodium
quinoa Willd.) [J]. Current Opinion in Food Science, 2017,
14:1-6

[2] Giiglii-Ustiindag  Ozlem, Mazza Giuseppe. Saponins:
properties, applications and processing [J]. Critical
Reviews in Food Science & Nutrition, 2017, 47(3):
231-258

[3] Woldemichael Girma  Moges, Wink  Michael.
Identification and biological activities of triterpenoid
saponins from Chenopodium quinoa [J]. Journal of
Agricultural & Food Chemistry, 2001, 49(5): 2327-2332

[4] Yao Yang, Yang Xiushi, Shi Zhenxing, et al
Anti-inflammatory activity of saponins from quinoa
(Chenopodium quinoa Willd.) seeds in
lipopolysaccharide-stimulated raw 264.7 macrophages
cells [J]. Journal of Food Science, 2014, 79(5):
H1018-H1023

[5]1 Ti Huihui, Zhang Ruifen, Zhang Mingwei, et al. Dynamic
changes in the free and bound phenolic compounds and
antioxidant activity of brown rice at different germination
stages [J]. Food Chemistry, 2014, 161: 337-344

[6] Kupkanchanakul Warunee, Kadowaki Motoni, Kubota
Masatoshi, et al. Effect of pre-germination at varying
stages of embryonic growth length on chemical
composition and protein profile of Thai rice (Oryza sativa
L.) [J]. Agriculture and Natural Resources, 2018, 52(1):
59-65

[71 Sangronis E, Rodriguez M, Cava R, et al. Protein quality
of germinated phaseolus vulgaris [J]. European Food
Research and Technology, 2006, 222(1): 144-148

[8] Tian Bingiang, Xie Bijun, Shi John, et al

Physicochemical changes of oat seeds during germination



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.6

(9]

[10]

[16]

[17]

[J]. Food Chemistry, 2010, 119(3): 1195-1200

Wu Fengfeng, Chen Haiying, Yang Na, et al. Effect of
germination time on physicochemical properties of brown
rice flour and starch from different rice cultivars [J].
Journal of Cereal Science, 2013, 58(2): 263-271

You Su-yeon, Oh Sea-gwan, Han Hyemin, et al. Impact of
germination on the structures and in vitro digestibility of
starch from waxy brown rice [J]. International Journal of
Biological Macromolecules, 2016, 82: 863-870

Guo Mouzi, Hu Jing, Li Zhilong, et al. The influences of
soaking and sprouting on primary nutrient contents of
quinoa seed [J]. Science and Technology of Food Industry,
2016, 37(18): 165-168 (in Chinese)

Hu Jie, Chen Shujun, Pang Zhenpeng, et al. Study on the
nutrients change rules during germination of quinoa and
quinoa malted milk pulping process [J]. Science and
Technology of Food Industry, 2016, 37(19): 136-142 (in
Chinese)

Huang Jin, Qin Likang, Shi Qinnan, et al. Dynamic
changes of nutritional and functional ingredients during
germination of quinoa [J]. Food and Machinery, 2017,
33(5): 54-58 (in Chinese)

Li Guantian, Wang Sunan, Zhu Fan. Physicochemical
properties of quinoa starch [J]. Carbohydrate Polymers,
2016, 137: 328-338

Liu Lei, Qiu Tingting, Zhao Zhihao, et al. Extrusion with
enzyme pretreatment improves dispersibility of whole
corn flour [J]. Modern Food Science and Technology,
2018, 34(10): 141-146 (in Chinese)

Englyst HN, Kingman SM, Cummings JH. Classification
and measurement of nutritionally important starch
fractions [J]. European Journal of Clinical Nutrition, 1992,
46: 33-50

Gomez-Caravaca Ana Maria, lafelice Giovanna, Lavini
Antonella, et al. Phenolic compounds and saponins in
quinoa samples (Chenopodium quinoa Willd.) grown
under different saline and nonsaline irrigation regimens [J].

Journal of Agricultural & Food Chemistry, 2012, 60(18):

[18]

[19]

[20]

[23]

[24]

[25]

[26]

4620-4627

Hiai S, Oura H, Nakajima T. Color reaction of some
sapogenins and saponins with vanillin and sulfuric acid [J].
Planta Medica, 1976, 29(2): 116-122

Rendleman JA. Hydrolytic action of alpha-amylase on
high-amylose starch of low molecular mass [J].
Biotechnology & Applied Biochemistry, 2000, 31(3):
171-178

Yu Xuan, Li Caiming, Gu Zhengbiao, et al. Relationship
of starch molecular structure and o-amylase hydrolysis
performance [J]. Food and Fermentation Industries, 2013,
39(6): 1-6 (in Chinese)

Frias Juana, Fornal Jozef, Ring Steve-G, et al. Effect of
germination on physico-chemical properties of lentil
starch and its components [J]. LWT - Food Science and
Technology, 1998, 31(3): 228-236

Al-Rabadi GJ, Torley PJ, Williams BA, et al. Particle size
heterogeneity in milled barley and sorghum grains: effects
on physico-chemical properties and starch digestibility [J].
Journal of Cereal Science, 2012, 56(2): 396-403

Ayet G, Burbano C, Cuadrado C, et al. Effect of
germination, under different environmental conditions, on
saponins, phytic acid and tannins in lentils (Lens culinaris)
[J]. Journal of the Science of Food & Agriculture, 1997,
74(2): 273-279

Guajardo-Flores Daniel, Serna-Guerrero Delia,
Serna-Saldivar Sergio O, et al. Effect of germination and
UV-C radiation on the accumulation of flavonoids and
saponins in black bean seed coats [J]. Cereal Chemistry
Journal, 2014, 91(3): 276-279

Jyothi TC, Kanya TC S, Rao AG A. Influence of
germination on saponins in soybean and recovery of soy
sapogenol I [J]. Journal of Food Biochemistry, 2007,
31(1): 1-13

Abugoch James LE. Quinoa (Chenopodium quinoa
Willd.): Composition, chemistry, nutritional, and
functional properties [J]. Advances in Food and Nutrition

Research, 2009, 58(9): 1-13

23



