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Extended Abstract

Introduction:

Starch is one of the most widely utilized biopolymers in the global food and non-food industries due to its
abundance, renewability, and versatile physicochemical properties. It constitutes the major carbohydrate reserve in
cereals and legumes, which serve as fundamental sources of energy in human diets worldwide. In recent years,
quinoa (Chenopodium quinoa Willd.), classified as a pseudocereal, has attracted considerable interest owing to its
exceptional nutritional composition, including a balanced amino acid profile, high-quality protein, dietary fiber, and
bioactive compounds. Beyond its nutritional value, quinoa has become an important raw material for extraction of
starch with unique functional and structural characteristics. Quinoa starch typically exhibits a low gelatinization
temperature, small polygonal granules, and a relatively variable amylose content that ranges from 0.3% to 27%,
depending on the cultivar. These properties suggest its potential applications in food formulations that demand
particular viscosity, clarity, gelatinization behavior, or processing stability.

The extraction method plays a pivotal role in determining starch quality and functionality. Mechanical, chemical,
enzymatic, and physical treatments can modify starch granule structure, molecular arrangement, and rheological
properties. However, limited studies have compared different extraction methods for quinoa starch, particularly
focusing simultaneously on physicochemical traits, functional behavior, and morphological integrity of granules.
Therefore, a comprehensive evaluation of extraction techniques is essential to tailor quinoa starch for specific
industrial applications.

The present study aimed to extract starch from quinoa seeds using three different methods—wet milling, enzymatic
treatment with protease, and ultrasound-assisted extraction—and to compare their effects on vyield, solubility,
swelling power, turbidity, amylose content, freeze—thaw stability, viscosity, and granule morphology. This research
provides valuable insights into how extraction techniques influence the functional suitability of quinoa starch for
food processing and related industries.

Materials and Methods:

Quinoa seeds were sourced from Kashmar, Razavi Khorasan Province, and their proximate composition—including
moisture, ash, crude fiber, oil, total starch, and crude protein—was determined according to AOAC standard
procedures. Starch was extracted using three methods. In the ultrasound-assisted method, ground quinoa flour was
soaked in sodium bisulfite solution (1500 mg/L), subjected to freeze—thaw cycles, mixed vigorously, and treated
with ultrasound (40 kHz) for 10, 20, or 30 minutes at 30 + 2°C. The resulting slurry was filtered through a 120-mesh

sieve, centrifuged, and oven-dried at 50°C.

In the wet milling method, quinoa grains were soaked for 48 hours in sulfurous acid solution at concentrations of
1800, 2000, or 2200 mg/L at 50°C. After soaking, the material was wet milled, passed through 80- and 120-mesh

sieves, centrifuged, and dried at 50°C.
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For enzymatic extraction, 120 g of quinoa flour was mixed with 360 mL water, adjusted to pH 7.5, and incubated
with 0.1 g protease enzyme for 2, 4, or 6 hours at 37°C with continuous stirring. The starch fraction was collected

via sieving (120 mesh), centrifugation, and drying.

Physicochemical analyses included extraction yield, amylose content, turbidity, swelling power, solubility, freeze—
thaw stability (syneresis), and paste viscosity measured using a Brookfield DV 111 viscometer. Morphology of starch
granules was observed with scanning electron microscopy (SEM). Statistical analysis was conducted using one-way
ANOVA (SAS 9.1) with a significance level of 5%.

Results and discussion:

The chemical composition of quinoa grains used in this study demonstrated values consistent with previous reports,
although the protein content was notably higher. This provided an appropriate background for the starch extraction
procedures. Extraction yield differed slightly among treatments but remained statistically unaffected across methods;
numerically, the wet-milling method with 2000 mg/L sulfurous acid solution yielded the highest recovery, while
enzymatic extraction produced the lowest yield.

Amylose content ranged narrowly between 14% and 15.13%, showing no significant influence from extraction
technique, likely because all methods were applied to the same quinoa variety, where amylose content tends to
remain genetically stable.

Functional properties exhibited more pronounced variations. Ultrasound treatment for 30 minutes increased both
swelling power and solubility, suggesting partial disruption of surface structures and enhanced interaction with
water. In contrast, enzymatic extraction generated starch with the highest turbidity, possibly due to residual
non-starch components or partial granule surface alteration. Ultrasound-extracted starch exhibited the lowest
turbidity, indicating superior clarity and suitability for applications requiring transparent gels or solutions.

Viscosity measurements revealed that wet-milled starch produced the highest paste viscosity, likely driven by
greater granule integrity and stronger swelling during heating. Starch obtained from ultrasound treatment exhibited
the lowest viscosity, consistent with reported effects of ultrasonic cavitation that can reduce molecular weight or
partially alter granule structure, leading to lower paste consistency.

Freeze—thaw stability showed no significant differences among samples, suggesting that extraction method did not
substantially affect retrogradation tendencies under the conditions tested.

SEM images confirmed that granule morphology remained intact across all extraction techniques. All samples
displayed characteristic polygonal granules with smooth surfaces and sizes ranging from approximately 1.5 to 4.5
pum. The absence of visible damage or fragmentation in ultrasound-treated granules indicated that the applied
intensity was sufficient to influence functional properties without causing structural degradation.

Overall, the results highlight that while extraction method exerts measurable effects on functional attributes such as
turbidity, swelling power, solubility, and viscosity, it does not significantly alter intrinsic characteristics including
amylose content, granule shape, or freeze—thaw behavior.

Conclusion:

This study compared three distinct starch extraction methods—wet milling, enzymatic hydrolysis, and ultrasound
treatment—and demonstrated that extraction technique significantly influences functional properties of quinoa
starch while exerting minimal effects on intrinsic structural characteristics. Ultrasound treatment improved clarity,
swelling power, and solubility, making it suitable for applications requiring enhanced hydration and transparency.
Wet milling produced starch with the highest viscosity, indicating its potential usefulness in processes where
thickening ability is critical. Enzymatic extraction resulted in the highest turbidity, suggesting less effective removal
of non-starch components. Notably, amylose content, granule morphology, and freeze—thaw stability remained
unaffected by extraction method. Collectively, these findings highlight the versatility of quinoa starch and the
importance of selecting an extraction method tailored to the intended functional application.
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Fig. 1. Amylose Content (%) of Starch Extracted Using Different Methods (UAE: Ultrasound-Assisted Extraction, WM: Wet-Milling, and EAE:
Enzyme-Assisted Extraction)
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Fig. 2. Turbidity (%) of Starch Extracted Using Different Methods (UAE: Ultrasound-Assisted Extraction, WM: Wet-Milling, and EAE:
Enzyme-Assisted Extraction)
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Fig. 3. Solubility (%) of Starch Extracted Using Different Methods (UAE: Ultrasound-Assisted Extraction, WM: Wet-Milling, and EAE:
Enzyme-Assisted Extraction)
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Fig. 4. Swelling Power (%) of Starch Extracted Using Different Methods (UAE: Ultrasound-Assisted Extraction, WM: Wet-Milling, and EAE:
Enzyme-Assisted Extraction)
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Fig. 5. Variation of Viscosity (mPa-s) of Starch Extracted Using Different Methods (UAE: Ultrasound-Assisted Extraction (a), WM: Wet-Milling
(c), and EAE: Enzyme-Assisted Extraction (b)) at Different Shear Speeds
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Fig. 6. Scanning Electron Micrographs (SEM) of Quinoa Starch Granules Extracted by Ultrasound-Assisted Extraction (UAE), Wet-Milling
(WM) and Enzyme-Assisted Extraction (EAE)
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Table 1. Starch extraction yield (%) of quinoa seeds using different methods

Method Condition Extraction yield of starch

Time: 0 min 34.76 + 1.06°
UAE Time: 15 min 39.36 + 0.55°
Time: 30 min 34.07 +0.28°
1800 mg/ L sulfuric acid 37.76 +1.13°

WM 2000 mg/ L sulfuric acid 40.7 +£0.2°
2200 mg/ L sulfuric acid 40.26 + 0.25°
Time: 2 h 33.96+0.15

EAE Time: 4 h 35.8+0.7%
Time: 6 h 36.8+0.47"

Al e 780 Glaebl s (0 Heiw o polie o b cire BB 542 Sily Sglate 3V
UAE: Ultrasound-Assisted Extraction, WM: Wet Milling, and EAE: Enzyme-Assisted Extraction. Results are presented as mean =+ standard
deviation. Different lowercase letters indicate statistically significant differences among the values within each column at the 95% confidence

level.

Table 2. Refrigeration Stability and Freeze—Thaw Stability of Starch Extracted Using Different Methods (Ultrasound-Assisted, Wet-Milling, and

Enzymatic Extraction)

Method Condition Refrigeration stability = Freeze-thaw stability

Time: 0 min 5.36 047" 20.36 +0.55"

UAE Time: 15 min 533+0.11° 20.5 £ 0.44°
Time: 30 min 57+02° 21.0+0.1°

1800 mg/ L sulfuric acid 5.267 +£0.38" 19.33 £ 0.35°

WM 2000 mg/ L sulfuric acid 5.6+03° 19.03 £0.11*

2200 mg/ L sulfuric acid 59+0.2° 19.06 +0.15"

Time: 2 h 6.1+0.1° 20.63 £ 0.47°

EAE Time: 4 h 6.06 +0.21° 22.43 £ 0.40*

Time: 6 h 6.23 £0.15° 22.43 +0.15%

UAE: Ultrasound-Assisted Extraction, WM

: Wet-Milling, and EAE: Enzyme-Assisted Extraction



