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ABSTRACT

Quinoa is a popular pseudo-cereal belonging from Andean region of South America. Post-harvest
processing of quinoa plays important role in product development, further processing storage and
shelf life extension of grains. The aim of present study was evaluation of physical properties, anti-
nutritional factors of quinoa and quinoa grain were milled in order to investigate milling yield, milling
loss, broken quinoa and head quinoa as the effect of milling in pearling. Post-harvest processing of
guinoa was done in the form of pearling after dehulling process and obtained intermediate products.
Pearling process of quinoa was done for a constant period of 5 minutes and different milling
proportions were evaluated under different runs of the machine. In this study, thousand seed weight
of quinoa grain observed about 2.50 to 2.58g in different runs. True density of quinoa ranged
between 990 kg/cm® (Max.) to 983 kg/cm® (Min.) whereas bulk density of quinoa was stated
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between 680 to 691 Kg/cm?. Porosity of quinoa showed between 0.302 to 0.308. Saponin content in
guinoa samples varied between 3.02 and 3.05% whereas phytin was found about 0.81 to 0.93%.
Obtained results also showed L and b value increased after processing while a value decreased.
Results obtained from processing showed that husk percentage found maximum as 19.01%
whereas highest broken quinoa proportion was 23.63%. It was also observed that highest milling
yield or recovery percentage was 63.58% while maximum milling loss recorded as 40.63%.
Furthermore, the influence of pearling on the milling characteristics of quinoa were investigated.
The milling fractions can be used to obtain new bread products with improved nutritional profiles.

Keywords: Quinoa; pseudo-cereals; pearling; food security; postharvest processing.

1. INTRODUCTION

Food nutrition plays an important role in
improving the health status of individuals. Quinoa
is a grain like food crop that provided nutrition
and sustenance to Andean indigenous cultures
for thousands of years and now plays an
increasing role in human diets worldwide. Quinoa
has been promoted as an alternative agricultural
crop due to its stress tolerant characteristics and
marketed as a “super food" for its nutritional
gualities. A plethora of research has recently
emerged on quinoa chemical constituents and
therapeutic properties, depicting the crop as an
important  resource  for  functional food
development [1].

Quinoa (Chenopodium quinoa Willd) is an annual
herbaceous plant belonging to Amaranthaceae
family, but formerly was under Chenopodiaceae
family. It originated in the Pacific slopes of the
Andes in South America. The Food and
Agriculture Organization of the United Nations
had declared 2013 as the International Year of
Quinoa, which aimed at promoting its worldwide
production, consumption, technological
development and biodiversity preservation.
Presently, it is cultivated in the world in an area
of 126 thousand hectares with an annual
production of 103 thousand tons. Bolivia in South
America is the biggest producer of quinoa with
46 % of world production followed by Peru with
42 % and USA with 6.3 % [2]. In India, quinoa
was cultivated in an area of 440 hectares with an
average yield of 1053 tons only [3].

Structurally, quinoa is composed of three main
parts: the perisperm, the embryo or germ, and
the pericarp or seed hull [4]. The perisperm is the
primary starch storage portion, the germ is the
lipid storage portion, and finally the hull, also
called bran, consists mainly of cellulose and
hemicellulose. =~ The  physicochemical and
functional properties of the main components of

quinoa, starch, fibre, and protein, are widely
described in the literature [5-7]. The objective of
milling is to obtain intermediate products that can
be used subsequently in the manufacture of
other products.

Milling is a crucial step after post-harvest of
quinoa. The basic objective of a quinoa milling
system is to remove the husk and the bran
layers, and produce an edible, white quinoa
kernel that is sufficiently milled and free of
impurities. Milled quinoa is comprised of both
head quinoa (HQ) and milled quinoa kernels at
least three-quarters of their original length [8].
The weights obtained were recorded after each
operation. The weights were used to determine
the hulling and milling characteristics [9].
Pearling is a mechanical alternative to the
washing with water in order to remove saponins.
Pearling is a milling technique in which the bran
layers are removed sequentially by friction
and abrasion operations, which is increasingly
recognized by the miling and baking
industry. Some studies found that pearled
flour has better processing characteristics
compared with whole grain flour by direct milling
[10].

The need of the hour is to use quality foods for
the ever growing and aging population. The
focus now is on functional foods with
nutraceutical compounds. Hence, quinoa
appears to be the best option that fulfills almost
all nutritional requirements as it provides
essential nutrients that possess health benefits
[11].

2. MATERIALS AND METHODS

Good quality raw quinoa grains were procured
from the Thakur ji enterprises, Harda, Madhya
Pradesh. The different milling products obtained
during the processing of raw quinoa are
illustrated in Fig. 1.
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C: Broken Quinoa

D: Quinoa Flour

Fig. 1. Different products of milling obtained during processing of raw Quinoa

2.1 Physical Properties of Quinoa Grains

For determining thousand kernel weight 100
grains were selected randomly from each sample
and weighed by means of digital weighing
balance (Shimadzu Corporation, Japan, AY120)
with an accuracy of 0.001 g, value obtained was
then multiplied by 10 [12]. True density defined
as the ratio of mass of seeds to their true volume
[13]. It was determined using the toluene (C7Hs)
displacement method. Toluene is mainly used
instead of water as it is absorbed by seeds to a
lesser extent. It also has a benefit of low surface
tension and hence fills even shallow dips in seed
[14]. The volume of toluene displaced was found
by immersing a weighed quantity of seeds in the
measured toluene. Approximately 10 g of seeds

were immersed in 25 ml toluene placed in
graduated measuring cylinder. Amount of
displaced toluene was recorded through the
graduated scale of cylinder. The true density was
calculated using the equation as below:

) g\ _ Weightof seeds (g)
True Density (mL) " Rise in toluene level (mL)

The bulk density is the ratio of the mass of the
grain to its total volume. It was determined by
filling a 10 ml measuring cylinder with grain from
a height of 15 cm and then weighing the contents
by means of a digital electronic balance
(Shimadzu Corporation, Japan, AY120) having
an accuracy of £ 0.001 g. Bulk density for each
replication was calculated from the following
relation [13]:
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B Weight of the sample(g)
" Volume occupied by the sample(mL)

Bulk density (%)

Porosity (€) of bulk seed which is the ratio of free space between grains to total of bulk grains was
computed from the values of true density and bulk density as;

(True density — Bulk density)

P ity =
orostty True density

2.2 Hunter Colour Values of Raw Quinoa Grain

Colour analysis of quinoa breads was done by using Hunter Lab colorimeter (model SM-3001476
micro sensors). The value of a* ranged from -100 (redness) to +100 (greenness), the b* values
ranged from -100 (blueness) to +100 (yellowness) while as L* value indicating the measure of

lightness, ranged from 0 (black) to 100 (white).
2.3 Milling Characteristics of Quinoa

2.3.1 Dehusking

One of the most crucial steps in the processing of quinoa is the removal of the husks from the grain,
which is also known as quinoa pearling. The husk percentage (HP) was calculated by the following

formula:

Husk (%) =

_ (Weight of quinoa before pearling (gm) — Weight of quinoa after pearling (gm))X 100

2.3.2 Milling yield/ recovery

The amount of bran removed from the brown
quinoa kernel is measured by the degree of
milling. The degree of milling given impacts on
milling recovery of quinoa and it influenced
consumer’s approval. Beyond how much white
quinoa is recovered, milling degree affects the
colour and cooking characteristics of quinoa. A
milling machine should guarantee consistency in
the final product's quality, hence raising the raw
material's economic value. Weight of polished
quinoa includes head and broken also. The
Milling percentage (MP) is calculated by the
following formula suggested by [9].

Weight of milled quinoa (g)X 100
Weight of rough quinoa (g)

Milling (%) =

2.3.3 Head rice percentage of quinoa

The weight percentage of rough quinoa that is
still whole after milling is known as the head
guinoa yield. Head quinoa recovery (HQR) is a
milling quality characteristic that has a significant
impact on quinoa market prices. Percentage of
head quinoa (excluding broken) obtained from a
sample of whole quinoa.

Weight of quinoa before pearling (gm)

Total weight of head quinoa X 100
Total weight of rough quinoa

Hulling rice recovery of quinoa (%) =

2.3.4 Broken quinoa percentage

Broken quinoa is obtained by subtracting head
rice quinoa from total quinoa.

2.3.5 Milling loss

Milling loss is obtained by subtraction of milling
yield or recovery from total quinoa. Milling loss
formula is given below.

Milling loss(%) = Husk % + Broken Quinoa% or
(100-milling yield %)
2.4 Anti-nutritional Factors Present in

Quinoa
2.4.1 Saponin

Total saponin content of the samples was
determined according to the gravimetric method
given by [15] with slight modifications.

Flour sample (20 g) was mixed with 200 ml of
20% aqueous ethanol solution in a flask and
heated with periodic agitation for 4 h at 55°C in a
water bath. The mixture was filtered through
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Whatman filter paper and the residue was re-
extracted with fresh 200 ml of 20% aqueous
ethanol. Both the extracts were combined,
concentrated to 40 ml at 40°C using rotary
evaporator and transferred to a separating funnel
and extracted with 20 ml diethyl ether. Re-
extraction was done until the aqueous layer was
clear in colour and the saponins were then
extracted using 60 ml n-butanol.

The butanoic extract was then washed twice with
10 ml of 5% aqueous sodium chloride and
evaporated to dryness in a pre-weighed
evaporating dish till constant weight. The saponin
content was then calculated as percentage of the
original sample using formula as follows;

(W2 —W1)X100
Sample weight

Saponin (%) =

Where,

W1 = Weight of evaporating dish
W2 = Weight of evaporating dish + dried extract

2.4.2 Phytic acid

The phytic acid estimation was based on the
principle that phytate is extracted With TCA
(trichloroacetic acid) and precipitated as ferric
salt. The iron content of the precipitate is
determined calorimetrically  and phytate
phosphorous content is calculated from this
value assuming a constant 4Fe: 6P molecular
ratio in the precipitate. [16].

uFe(NO3)X3X 15

Phytic acid % =
ytic acid % Sample weight

3. RESULTS AND DISCUSSION

Physical characteristic of quinoa grain plays
important role in product formulation and design

of milling equipment. In this study, thousand
seed weight of quinoa grain observed about 2.50
to 2.58¢ in different runs. True density of quinoa
ranged between 990 kg/cm? (Max.) to 983 kg/cm?3
(Min.) whereas bulk density of quinoa was stated
between 680 to 691 Kg/cm3. Porosity of quinoa
showed between 0.302 to 0.308 (Table 1). The
results obtained during study for porosity are in
close agreement with those reflected for
amaranth and quinoa seeds [17,18]. All data
were observed significant different from each
other. Thousand seed weight of quinoa grain was
ranged between 2.52g and 2.58g which was in
close agreement with the range 2.5 to 4.1g as
recorded the results recorded by [17]. However,
[19] reported thousand kernel weight varied from
0.63 to 0.94 g for various varieties of quinoa
seed. Bulk density of quinoa grain was varied
from 680Kg/m3 to 691 Kg/m3 which was
compliance with the 601.3+0.30 kg/m?3
demonstrated by [20] for quinoa seeds.

Table revealed that the saponin content in
quinoa samples varied between 3.02 and 3.05%
whereas phytin was found about 0.81 to 0.93%.
All the recorded data were significant different
from each other. The best that we can tell, the
majority of research has been conducted on
pearled quinoa, since pearling has been shown
to improve product acceptability by decreasing
the amount of saponins [21]. Phytate also
adversely affects the absorption of other
nutrients such as amino acids, proteins and
starch. These results compare well with literature
[22].

3.1 Hunter Colour Values of Raw QUINOA
GRain

Colour analysis of quinoa grain is important
parameter with respect to understand physical
characteristics. Presented L, a and B values of
hunter colour values in Table 2.

Table 1. Physical properties and anti-nutritional factor of quinoa grain

Physical Thousand True Bulk density Porosity  Saponin Phytin
Properties  Seed density (kg /m?3) (%) (%)
Weight (g) (kg /m?®)
R1 2.52 983 680 0.308 3.04 0.81
R2 2.54 985 687 0.302 3.05 0.92
Rs 2.58 990 691 0.302 3.02 0.93
SE(m) 0.032 4,082 3.396 0.073 0.046 0.031
CD N/A 13.03 10.84 N/A N/A 0.098

R-Replication, CD-Coefficient of dispersion
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Table 2. Hunter colour values of raw and processed quinoa grain

S. No. Hunter Colour Value
L A b

Raw Milled Raw Milled Raw Milled
R1 49.25 51.10 7.30 6.50 10.20 12.05
R2 49.36 49.02 7.22 6.35 10.40 12.15
R3 49.45 50.55 7.42 6.10 10.38 12.08

R-Replication
Table 3. Milling characteristics of different samples of quinoa grain
Run Milling Husk percentage Milling yield/ Broken Milling loss
Time (Min) (%) recovery (%) Quinoa (%) (%)

1. 4.20 15.36 61.90 23.07 38.10
2. 4.25 15.42 60.20 22.35 39.80
3. 4.36 16.26 63.58 22.95 36.42
4, 4.55 18.65 63.12 23.63 36.88
5. 4.46 17.54 62.25 23.45 36.75
6. 4.41 16.89 62.87 21.36 37.13
7. 5.02 19.01 61.23 21.85 38.77
8. 4.15 14.86 59.37 20.39 40.63
9. 431 15.67 60.49 20.72 39.51
10. 4.50 17.85 61.77 21.56 38.23
SE(m) 0.029 0.035 0.032 0.108
CD 0.087 0.105 0.095 0.322

Table 2 demonstrated that the hunter colour
profile of raw quinoa grain increased after
processing. L value ranged from 49.25 to 49.45
for raw quinoa grain while milled grain recorded
between 49.02 to 51.10. a value of raw and
processed quinoa observed from 7.22 to 7.42
and 6.10 to 6.50 respectively. Obtained results
showed that b value of raw quinoa and milled
quinoa ranged between 10.20 to 10.40 and
12.05 to 12.15 respectively. Similar results were
recorded by [23] for L value of wheat and another
observations showed at par results [24].

All the results obtained during the course of
study tabulated in terms of husk %, milling yield,
broken quinoa and milling loss. Table 3 exhibited
that husk percentage ranged between 15.36 to
19.01% and maximum found in 7" run while
minimum observed in 1st run.

Milling yield presented in table varied from 59.37
to 63.58% in different runs and maximum
showed in 3™ run whereas minimum recorded in
8% run.

It was noticed from the table that broken quinoa
recorded maximum as 23.63% in 4™ run while

minimum observed as 20.39 % in 8™ run of
pearling. Milling loss revealed by table that it
ranged between 36.42 to 40.63% and maximum
found in 8™ run while minimum observed in 3
run.

Husk percentage recorded maximum (19.01%)
whereas minimum found as (14.86%). Milling
Yield/recovery found highest (63.58%) while
lowest recorded as (59.37%). The findings of
investigation are supported with the reported
ranged value from 68.70 to 73.10% with [25],
72.48 to 80.94 with [26] and 69.96 to 71.38 %
[27-30]. Broken Quinoa ranged from 20.39% to
23.63%. The earlier reports in case of paddy for
broken percentage were 4.28 to 32.40 percent
[23] and 31.43 to 33.66 per cent [30]. Milling loss
varied between 36.42 % to 40.63%. Further
investigations will be necessary to confirm these
data.

Depicted figure below (Fig. 2) showed that
processing of quinoa affects its various fraction
under different processing conditions. Pearling
operation demonstrated that milling condition
affects husk percentage, broken quinoa
percentage and milling loss.
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Quinoa Milling
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Fig. 2. Effect of milling on its fractions under different runs of pearling

4. CONCLUSION

Post harvesting operations are important for
every crop and plays crucial role in the storage
and further product formulations. Pearling is
done for good product characteristics as it is
desirable in various industries for new product
development. Present study concluded that
milling characteristics of quinoa could influence
by pearling process. Bran is also important
constitute of quinoa and used for fibre rich
product formulations. Physical properties and
anti-nutrient factors of quinoa changed during
pearling process. By products obtained from the
quinoa policing is majorly used in poultry
industry, dairy industry for new product
development and research and development. It
could be important that mechanization of
underutilised grains need to improve. Post-
harvest processing factors improve yields of
quinoa and reduces wastes due to losses in
processing.

ACKNOWLEDGEMENT

| am grateful to my major guide Dr. Alpana
Singh, Minor guide Dr. Anubha Upadhyay and all
the faculty members of department of food
science and technology, JNKVV, Jabalpur who
supporting me directly or indirectly.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Zimmet PZ, Magliano DJ, Herman WH,
Shaw JE. Diabetes: A 21st century
challenge. Lancet Diabetes Endrocrinol.
2014;2:56-64.

2. FAOSTAT, 2013, Quinoa area and
production in the World.

Available:http://www.fao.org

3. Adolf VI, Shabala S, Andersen MN,
Razzaghi F, Jacobsen SE. Varietal
differences of quinoa’s tolerance to saline
conditions. Plant Soil. 2012;357:117-129.
DOI:10.1007/s11104-012-1133-7

4, Reguera, Maria, and Claudia Monika
Haros. Structure and composition of
kernels. Pseudocereals: Chemistry and
technology. 2017;28-48.

5. Koziol, MJ. Chemical composition and
nutritional evaluation of quinoa
(Chenopodium quinoa Willd). Journal of
Food Composition Analysis. 1992;5:35-68.

6. Schoenlechner Regine, et al. Functional
properties of gluten-free pasta produced
from amaranth, quinoa and buckwheat.
Plant foods for human  nutrition.
2010;65:339-349.

7. Kurek MA, Karp S, Wyrwisz J, Niu V.
Physicochemical properties of dietary
fibers extracted from gluten-free sources:
quinoa (Chenopodium quinoa), amaranth
(Amaranthus  caudatus) and millet
(Panicum miliaceum). Food Hydrocolloids.
2018;85:321-330.

2496



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kumar et al.; Int. J. Environ. Clim. Change, vol. 13, no. 11, pp. 2490-2498, 2023; Article no.lIJECC.109011

USDA. United States standards for rice,
revised. Washington, D.C.: Federal Grain
Inspection Service; 2009.

Ghosh AK, Nanda BB, Govindaswami S,
Nayak BB. Influence of nitrogen on the
physico-chemical characteristics of rice
grain. Oryza. 1971;8:87-93.

Singh S, Singh N. Effect of debranning on
the physico-chemical, cooking, pasting and
textural properties of common and durum
wheat  varieties. Food Res. Int.
2010;43(9):2277-2283.

James LEA. Quinoa (Chenopodium quinoa
Willd.): Composition, chemistry, nutritional,
and functional properties. Advances in
food and nutrition research. 2009;58:1-31.
Varnamkhasti MG, Mobli H, Jafari A,
Keyhani AR, Soltanabadi MH, Rafiee S,
Kheiralipour K. Some physical properties
of rough rice (Oryza sativa |) grain.
Journal of Cereal Science.
2008;47(3):496-501.

Deshpande SD, Bal S, Ojha TP. Physical
properties of soybean. Journal of
Agricultural Engineering Research.
1993;56(2):89-98.

Mohsenin NN. Physical properties of plant
and animial materials. Structure, physical
characterisitics and mechanical properties.
Physical properties of plant and animial
materials. Vol. 1. Structure, physical
characterisitics and mechanical properties.
1970;1:1.

Mir MA, Parihar K, Tabasum U, Kumari E.
Estimation of alkaloid, saponin and
flavo-noid content in various extracts of
Crocus sativa. Journal of Medicinal Plants
Studies. 2016;4(5):171-174.

Wheeler EL, Ferrel RE. A method for
phytic acid determination in wheat and
wheat fractions. Cereals and grains
association. 1971;48:313-320

Vilche, C, Gely M, Santalla E. Physical
properties of quinoa seeds. Biosystems
Engineering. 2003;86(1):59-65.

Ghumman A, Mudgal S, Singh N, Ranjan
B, Kaur A, Rana JC. Physicochemical,
functional and structural characteristics of
grains, flour and protein isolates of Indian
quinoa lines. Food Research International.
2021;140:109982.

Gaikwad, KK, Pawar VS, Shingote AB,
Shinde EM. Studies physico-chemical
properties of Quinoa (Chenopodium

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

2497

quinoa willd.) seed. Pharma. Innov.

2021;10:612-645.

Abalone R, Cassinera A, Gaston A, Lara
MA. Some physical properties of amaranth
seeds. Biosystems Engineering.
2004;89(1):109-117.

Gomez-Caravaca, Ana Maria, Giovanna
lafelice, Vito Verardo, Emanuele Marconi,
Maria Fiorenza Caboni. Influence of
pearling process on phenolic and saponin
content in quinoa (Chenopodium quinoa
Willd). Food chemistry. 2014;157:174-178.
Garcia-Estepa, Rosa Ma, Eduardo Guerra-
Hernandez, Belén Garcia-Villanova. Phytic
acid content in milled cereal products and
breads. Food research international.
1999;32(3):217-221.

Navarro JL. Effect of wheat pearling
process on composition and nutritional
profile of flour and its bread making
performance. International journal of food
science and technology. 2022;57:249-257.

Anderson Jessica. Whole grain wheat
effect of peeling and pearling on chemical
composition, taste and colour. Master
thesis. Swedish university of agri. Sci...
Department of food science. 2011;22.
El-Bana MA, Goma RA and Abd El-Sattar
AS. Effect of parboiling process on milling
quality, physical and chemical properties of
two rice varieties. Menoufia J. Food &
Dairy Sci. 2020;5.

Kumari MS, D Vijayalakshmi and Usha R.
Physical and Cooking Characteristics of
Selected Aromatic Rice Varieties.Journal
of Dairying, Foods and Home Sciences.
2010;29(3and4):227-231.

Farahmandfar R, Farahmandfar E,
Varnamkhasti MG, Zarei M. Milled rice
quality assessment. International Journal
of Food Engineering. 2010;6(2):
Article 7.

Verma DK, Mohan M, Prabhakar PK and
Srivastav  PP. Physicochemical and
cooking characteristics of Azad basmati.
International Food Research Journal.
2015;22(4):1380-1389.

Indrasari SD, Purwaningsih, Jumali,
Ardhiyanti SD, Handoko DD, Kusbiantoro
B. Physical, milling qualty and
physicochemical properties of several local
glutinous paddy varieties in West Java,
Indonesia. IOP Publishing, Earth and
Environmental Science. 2019;309:012014.



Kumar et al.; Int. J. Environ. Clim. Change, vol. 13, no. 11, pp. 2490-2498, 2023; Article no.lIJECC.109011

30. Rather TA, Malik MA and Dar AH Physical, grown in the valley of Kashmir India.
milling, cooking, and pasting Cogent Food & Agriculture. 2016;
characteristics of different rice varieties 2:1178694.

© 2023 Kumar et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/109011

2498


http://creativecommons.org/licenses/by/2.0

