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Abstract Potatoes (Solanum tuberosum) are one of the most economically important 
crops in the world. However, limited postharvest handling technologies and a lack 
of value-added product options result in substantial food loss in their value chain. 
In this study, we investigated the possibility of potato-derived starch as a raw 
material for syrup. Supplementation with superfine Hypsizigus marmoreus 
mushroom powder (MP; average median diameter, 4.791 μm; 3%) was evaluated for 
added nutritional value and improvements in sensory properties. Two syrup 
samples (PSS, potato starch syrup without MP; PSM, potato starch syrup with MP) 
were prepared, analyzed, and compared with commercial rice syrup (CRS). The 
addition of MP significantly improved the physicochemical characteristics of PSS. 
The addition of MP to PSS resulted in a significant increase in total polyphenol, 
total pectin, reducing sugar content, and dextrose equivalent; however, it 
significantly reduced the pH and light transmittance. CRS had the lowest viscosity 
of all samples at the same shear rate; however, the addition of MP reduced the 
viscosity of potato starch syrup (PSM<PSS). Electronic tongue analysis indicated 
that MP enriched umami and saltiness flavors, and reduced bitterness and 
sweetness scores of PSM. Thus, potato starch is a potential raw material for potato 
syrup production, and the addition of superfine H. marmoreus MP ameliorated 
certain quality characteristics of PSM.
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1. Introduction
The potato (Solanum tuberosum) is a starchy, herbaceous annual crop from the 

Solanaceae family that consists mainly of starch (60-80% of the total dry matter) 
(Burlingame et al., 2009). It is one of the most important crops in the world, as 
it is grown in 125 countries and consumed daily by more than one billion people 
(Bhattarai and Swarnima, 2016). Substantial food loss has been observed in the 
food value chain of potatoes and other roots and tubers and is associated with
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limited postharvest handling technology (Tadesse et 
al., 2018), especially in developing nations. This 
waste of valuable food resources can be resolved by 
the addition of value-added product alternatives to 
the value chain. Such products are the result of 
further processing of raw materials to increase 
product shelf life. Syrup production from potatoes 
could be one viable option for adding value. The 
syrup is a purified and concentrated mixture of 
saccharides resulting from starch hydrolysis and 
contains a dry matter and dextrose equivalent above 
70% and 20%, respectively, and a sulfated ash 
content below 1% (Hull, 2010). Potatoes and other 
roots and tubers with high starch content are rarely 
used in the syrup industry. Cereals such as rice and 
maize are the most common raw materials used to 
manufacture syrup (Lee et al., 2012; Park and Na, 
2005). However, other starchy crops have the potential 
to serve as raw materials for syrup production 
(Johnson et al., 2010; Ojuwemi et al., 2018).

Glucose syrups, which are widely used as 
sweeteners and thickening agents during the 
production of soft drinks and various confectioneries, 
are made from starch by either enzymatic or acidic 
hydrolysis (Johnson et al., 2010). Starch slurry is 
heated to 105℃ for gelatinization and is then 
liquefied using a thermostable α-amylase enzyme 
at high temperatures. Subsequently, the liquefied 
slurry undergoes saccharification by glucoamylase 
at temperatures between 50℃ and 60℃ (Uthumporn 
et al., 2010). 

Hypsizygus marmoreus is an industrialized edible 
mushroom and a popular ingredient in Asian 
cuisine that has been reported to have antitumor, 
antibacterial, and antifungal properties (Min et al., 
2018). Superfine powder is produced through 
grinding, resulting in a particle diameter of less 
than 10 μm. We previously demonstrated that 

superfine grinding improves the physicochemical 
and morphological properties of mushroom powder 
(MP) (Hitayezu and Kang, 2021). In contrast to 
syrups manufactured from grains (such as rice and 
sorghum), starch syrups may offer poorer functional 
characteristics and nutritional benefits (Chen et al., 
2022). Supplementation with mushroom powder 
can help overcome these limitations. Numerous 
studies have incorporated mushroom powder in the 
processing of other food products to increase the 
total phenolic content and antioxidant activity of 
cereal products (Lu et al., 2018), and improve the 
viscoelastic behavior of meat emulsions (Kurt and 
Genccelep, 2018). Furthermore, the addition of 
oyster mushroom powder reportedly ameliorates 
rheological properties, such as peak viscosity, 
softness, and the mixing tolerance index of bakery 
products (Majeed et al., 2017). 

Available evidence suggests that MP improves the 
quality attributes of different food products. 
Therefore, in this study, we anticipated that H. 
marmoreus MP would ameliorate the physicochemical 
and rheological properties of potato-derived starch 
syrups. 

2. Materials and methods
2.1. Sample preparation

Commercial-grade potato starch (99.9% purity) 
and malt barley were purchased from a local mart 
(Hanaro Mart, Gangneung, Korea). Dried H. marmoreus 
mushrooms, obtained from World Farm Co., Ltd. 
(Yangyang city, Korea), were first ground into a 
coarse powder using a cutter mill and then finely 
ground using a blade mill followed by jet milling 
(Jet mill, Korea Powder System Co., Ltd., Incheon, 
Korea) to produce superfine powder (average 
median diameter, 4.791 μm). The ingredients were 
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mixed to prepare potato starch syrup samples (PSS, 
potato starch syrup without mushroom powder; 
PSM, potato starch syrup with 3% mushroom 
powder) (Table 1). Termamyl® 2X enzyme purchased 
from Novozymes® (Novozymes A/S, Bagsvaerd, 
Denmark) was used for the liquefaction of potato 
starch slurry at 90-100℃ for 3 h. Malt barley was 
added during the saccharification step at 55℃ for 4 
h. The saccharified mixture was then centrifuged at 
3,000 ×g for 5 min, and the resultant potato starch 
syrup samples were manually concentrated (by 
heating) to a total solid content of approximately 
80 °Brix. Potato starch syrup and commercial rice 
syrup (CRS) samples were stored in a refrigerator 
(4℃) for further analysis.

All the chemical reagents used in this study were 
of analytical grade. Folin-Ciocalteu reagent, sodium 
carbonate, 2,2-diphenyl-1-picryl-hydrazyl (DPPH), 
sulfuric acid, carbazole, dinitrosalicylic acid, sodium 
hydroxide, galacturonic acid, phenol, gallic acid, 
and glucose were purchased from Sigma-Aldrich (St 
Louis, MO). Electonic tongue reagents (hydrochloric 
acid, sodium chloride, and sodium-L-glutamate) 
were obtained from Alpha MOS (Toulouse, France). 
Ascorbic acid, potassium sodium tartrate tetrahydrate 
(Rochelle salt), and potassium disulfite were 
purchased from Showa Co. (Tokyo, Japan), Kanto 

Chemical Co. (Tokyo, Japan), and Oriental Chemical 
Industries Co. (Seoul, Korea), respectively.

2.2. Determination of total polyphenol content 
The total polyphenol content of syrup samples 

was determined as described by Pinto et al. (2007), 
with minor modifications. Briefly, syrup samples 
(0.25 mL), Folin-Ciocalteu reagent (0.25 mL), and 
distilled water (2 mL) were vortex-mixed for 30 s 
and then incubated at 25℃ for 3 min, followed by 
the addition of 20% Na2CO3 (0.25 mL) and heating 
at 37℃ for 30 min. The absorbance was measured at 
750 nm using a Cary 8454 UV-Vis spectrophotometer 
(Agilent Technologies Inc., Santa Clara, CA, USA) 
and compared with a calibration curve for gallic 
acid (R2=0.998).

 
2.3. Determination of DPPH radical scavenging activity

The radical scavenging activity of fresh DPPH 
was analyzed as described by Blois (1958). Syrup 
samples (0.2 mL) were vortex-mixed with 0.2 mM 
1,1-diphenyl-2-picrylhydrazyl (DPPH) (0.8 mL) for 
30 s, and then incubated in dark for 10 min at 25℃. 
Ascorbic acid (0.05%) was used as the positive 
control, and absorbance was obtained at 525 nm 
using a Cary 8454 UV-Vis spectrophotometer. 

DPPH radical scavenging activity (%) = 

Absorbance of control - 
Absorbance of sample

 × 100
Absorbance of control 

2.4. Determination of total pectin content
The total pectin content of the syrup samples 

was determined as described by McComb and 
McCready (1952). Briefly, a mixture of sulfuric acid 
(1.2 mL) and syrup sample (0.2 mL) was heated at 
85℃ for 5 min in a water bath. The samples were 

Table 1. Ingredients composition of potato syrup samples

Ingredients Syrups

PSS1) PSM

Potato starch (g) 400 400

H. marmoreus MP (g) 0 12

α-Amylase (mL) 3 3

Barley malt (g) 30 30

Distilled water (L) 6 6
1)PSS, potato starch syrup without mushroom powder; PSM, potato 
starch syrup with 3% mushroom powder.
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cooled, vortexed with 0.1% carbazole (0.1 mL) and 
incubated for 15 min at 25℃. Absorbance was 
measured at 525 nm using a Cary 8454 UV-Vis 
spectrophotometer and compared with a galacturonic 
acid standard curve (R2=0.952). 

2.5. Determination of total soluble solids, pH, and 
light transmittance 

The pH of syrup samples was measured using the 
method reported by Lee et al. (2016) using a pH 
meter (pH 210, Hanna, Woonsocket, RI, USA), and 
the total soluble solid content was measured using 
a digital pocket refractometer (Atago, Ltd., Tokyo, 
Japan) (Eshkabilov et al., 2021). Light transmittance 
was analyzed as described by Wee et al. (2016) and 
measured using a Cary 8454 UV-Vis spectrophotometer 
at 535 nm. Absorbance values were converted to 
percentage transmittance (% T) using Beer’s law:

A = -Log(T), %T = [10(-A)] × 100

Where A is the absorbance value and T is the 
transmittance value.

2.6. Determination of reducing sugars and dextrose 
equivalent

The reducing sugar content of syrup samples was 
quantified using the dinitrosalicylic acid (DNS) 
method, as described by Negrulescu et al. (2012) 
with slight modifications. DNS reagent comprising 
1% 3,5-dinitrosalicylic acid (DNS), 40% Rochelle 
salt, 0.2% phenol, 0.5% potassium disulfide, and 
1.5% sodium hydroxide was prepared. Then, 3 mL 
of the DNS reagent was vortex-mixed with diluted 
syrup samples (1 mL sample diluted to 3 mL in 
distilled water), and the mixture was heated for 5 
min in a boiling water bath and then rapidly cooled 
to 25℃. The absorbance was measured at 540 nm 

using a Cary 8454 UV-Vis spectrophotometer and 
compared with a glucose calibration curve (R2= 
0.995). Dextrose equivalent (DE) was measured 
using the method described by the KFDA (2019).

DE = 
Reducing sugars (% as glucose)

 × 100
Soluble solids in the sample 

2.7. Determination of rheological characteristics 
Rheological characteristics of the syrup samples 

were evaluated using an AR2000 rheometer (TA 
Instruments Inc., New Castle, DE, USA), as described 
by Lv et al. (2017). Samples were placed in a 
rheometer with a 60 mm diameter/2° angle cone 
plate for 1 min at a constant temperature of 25℃, 
then continuously sheared from 0.1 to 100 S-1. The 
flow curve indicating the effects of the shear rate 
on the shear stress and viscosity of the syrup 
samples was created and analyzed using statistical 
software, as stated in the data analysis section. 

2.8. Determination of taste characteristics
The taste characteristics of the syrup samples 

were determined as described by Dong et al. (2019) 
using an ASTREE II electronic tongue (E-tongue) 
(Alpha M.O.S, Toulouse, France) equipped with an 
auto-sampler and sensors: PKS and CPS (to detect 
complex taste) (Han et al., 2021), AHS (sourness), 
CTS (saltiness), NMS (umami), ANS (sweetness), and 
SCS (bitterness). The tongue sensors and the 
diagnostic system were calibrated using 0.01 M 
hydrochloric acid, 0.01 M sodium chloride, and 
0.01 M sodium glutamate before the experiment. 
To determine taste properties, all syrup samples 
were diluted to 10,000 ppm using double-distilled 
water and analyzed in five replicates (25 mL each). 
The analytical parameters were as follows: 0 s 
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delay, 120 s acquisition, 1 s intervals, stirring rate 
of 1, and an acquisition period of 1. After analyzing 
each sample, the sensors were automatically rinsed 
with 25 mL double-distilled water. E-tongue results 
were analyzed using statistical software embedded 
in the ASTREE II electronic tongue. 

2.9. Data analysis
Samples were analyzed in triplicate unless indicated 

otherwise, and data were statistically evaluated 
using one-way analysis of variance (ANOVA) and 
Duncan tests using SPSS v. 25.0, (IBM Corp., 
Armonk, NY, USA). Statistical graphs were created 
using GraphPad Prism 9 (GraphPad Software Inc., 
San Diego, CA, USA), and values were considered 
statistically significant at p<0.05.

3. Results and discussion
3.1. Total polyphenol content and DPPH radical 
scavenging activity

Fig. 1 summarizes the effects of 3% mushroom 
powder (MP) supplementation on the total polyphenol 
content and DPPH radical scavenging activity of 
syrup samples. Adding MP to potato starch syrup 
significantly increased the total polyphenol content 
(96.08±0.45 mg GAE/100 g, Fig. 1(A)). The trends 
of DPPH radical scavenging activity and total 
polyphenols were similar, with the highest score 
being 38.03±2.38% for PSM. The positive control 
(0.05% ascorbic acid) showed the highest DPPH 
radical scavenging activity (93.89%, Fig. 1(B)). The 
total polyphenol content and DPPH radical scavenging 
activity of CRS did not significantly differ from 
those of PSM (97.62±1.05 mg GAE/100 g and 37.17 
±2.13%, respectively). Previously, other researchers 
studied the impact of supplementing 3% mushroom 
powder to various food products such as rice 

jochung (Korean grain syrup), sulgidduk (Korean 
white steamed rice cake), and bakery products 
(Choi, 2010; Majeed et al., 2017; Park and Na, 
2005). Although studies on the incorporation of H. 
marmoreus or any other MP in syrup products are 

       (A)

        (B)

Fig. 1. Total polyphenol content (A) and DPPH radical scavenging 
activity (B) of syrup samples. PSS, potato starch syrup without 
mushroom powder; PSM, potato starch syrup with 3% 
mushroom powder; CRS, commercial rice syrup; ASC, ascorbic 
acid (0.05%). Means±SD (n=3) with different lowercase letters 
on the error bars are significantly different at p<0.05.
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lacking, the effects of MP on other products are 
known. Kim and Chung (2017) reported that 
Pleurotus eryngii addition to yanggaeng (Korean 
sweet red bean jelly) increased total polyphenol 
content and DPPH radical scavenging activity. Our 
findings were consistent with those of Wee et al. 
(2016), who found that the DPPH radical scavenging 
activity of jochung was 20.4-50.3%. Moreover, the 
incorporation of mushroom powders (Agaricus 
bisporus, Lentinula edodes, and Boletus edulis) into 
bread samples enhanced their antioxidant activity, 
including DPPH radical scavenging activity and 
oxygen radical absorbance capacity (Lu et al., 2021).

3.2. Reducing sugar content, dextrose equivalent, and 
total pectin content of syrup samples

Reducing sugars comprise monosaccharides (such 
as glucose and fructose) and some disaccharides 
(such as maltose and lactose) with aldehyde or 
ketone groups (Hernández-López et al., 2020). The 
DNS method was used to determine the reducing 
sugar content. Adding H. marmoreus MP to potato 
syrup increased the reducing sugar content (PSM 
vs. PSS: 55.64±2.6% vs. 43.06±1.87%; Fig. 2(A)), and 

the change in dextrose equivalent showed a similar 
trend (Fig. 2(B)). Furthermore, supplementing PSS 
with MP significantly increased its total pectin 
content from 25.04±2.53 to 38.74±1.11 mg/100 g 
for PSS and PSM, respectively. Total pectin values 
for CRS and PSS were not statistically different (Fig. 
2(C)). The obtained findings were in line with 
previous studies wherein reducing sugar content 
was increased from 38.68% to 44.66% (Kang and 
Shin, 2012) and from 39.92 to 40.46% (Lee et al., 
2012), for rice jochung. Similarly, the fortification 
of rice jochung, ketchup, and jam with MPs derived 
from L. edodes, A. bisporus, and P. ostreatus, 
respectively, resulted in increased levels of 
reducing sugars (Kumar et al., 2021; Park and Na, 
2005). Moreover, the addition of MPs to yogurt 
samples ameliorated their reducing sugar content 
(Khusniati et al., 2021). However, other studies 
have reported that the addition of MP to various 
foods, such as pasta, resulted in an overall 
reduction in their reducing sugar content (Lu et al., 
2018). In this study, the addition of superfine MP 
increased the total pectin content of PSM. 
Kadnikova et al. (2015) and Islam et al. (2022) 

(A) (B) (C)

Fig. 2. Reducing sugar content (A), dextrose equivalent (B), and total pectin content (C) of syrup samples. PSS, potato starch 
syrup without mushroom powder; PSM, potato starch syrup with 3% mushroom powder; CRS, commercial rice syrup. Means±SD 
(n=3) with different lowercase letters on the error bars are significantly different at p<0.05.
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reported that the pectin content of MPs is as high 
as 7.4% and 8.11%, respectively. Therefore, 
supplementing food products with MP is a reliable 
method to increase pectin content.

3.3. pH, total soluble solids, and light transmittance of 
syrup samples

Table 2 summarizes the pH, total soluble solids 
(TSS), and light transmittance results. TSS values 
were 83.45±1.15, 80.07±1.16, and 80.43±0.17 for 
PS, PSM, and CRS, respectively. The addition of MP 
significantly reduced the pH of PSS. The pH of all 
samples ranged between 5.66±0.01 and 5.91±0.01. 
For the light transmittance, CRS had the highest 
value (92.66±0.61), followed by PSS and PSM with 
46.34±1.05 and 44.24±0.24, respectively. Light 
transmittance refers to the number of light molecules 
passing through a transparent material. CRS exhibited 
the highest light transmission. The addition of MP 
to syrups intensified their brown color, which in 
turn lowered their light transmittance values. The 
brown color of the potato starch syrups was 
probably due to the Maillard reaction, as discussed 
in the taste characteristics section. Majeed et al. 
(2017) reported similar findings when bakery 
products were supplemented with oyster mushroom 

powder. Wee et al. (2016) reported a light 
transmittance of 56.40%, TSS of 80 °Brix, and pH 
of 6.25 for processed rice jochung.

3.4. Rheological properties
The viscosity of fluid foods is an important 

parameter because it indicates their flow behavior. 
Rheological behaviors affect consumers’ willingness 
to choose and continuously use syrup products 
(Dominque et al., 2013). Fig. 3 shows the effects of 
the shear rate on the shear stress and viscosity of 
the syrup samples. All the samples were sheared 
from 0 to 100 S-1, and the shear stress increased as 
the shear rate increased. According to the flow 
curve, the initial and final shear stresses of the 
potato starch syrup were higher for PSS than for 
the corresponding sample supplemented with MP. 
However, CRS had the lowest shear stress values 
among all the analyzed syrups (Fig. 3(A)). In 
contrast, the apparent viscosity of syrup samples 
decreased with increasing shear rate, indicating 
that all syrup samples were non-Newtonian fluids 
with shear-thinning behavior. Shear-thinning fluids, 
also known as pseudo-plastics, show lower viscosity 
when shaken or stirred because of their disrupted 
network structure (Dominque et al., 2013). The CRS 
sample had the lowest viscosity of all the samples 
at the same shear rate. However, the addition of 
MP reduced the viscosity of the potato starch 
syrups (PSM<PSS, Fig. 3(B)). While there is little or 
no available literature on the influence of MP on 
the rheological properties of syrup products, several 
studies have evaluated the effect of mushrooms on 
other food samples. Zhou et al. (2017) reported 
that the addition of Auricularia auricula-judae 
derived polysaccharides to yam starch resulted in 
greater pseudoplasticity. In addition, pasting viscosity 
values of sorghum biscuits were greatly reduced 

Table 2. pH, total soluble solids, and light transmittance of 
syrup samples

Samples1) pH Total soluble 
solids (°Brix)

Light 
transmittance

PSS 5.72±0.01b 83.45±1.15b 46.34±1.05b

PSM 5.66±0.01a 80.07±1.16a 44.24±0.24a

CRS 5.91±0.01c 80.43±0.17a 92.66±0.61c

1)PSS, potato starch syrup without mushroom powder; PSM, potato 
starch syrup with 3% mushroom powder; CRS, commercial rice 
syrup. 

Means±SD (n=3) with different superscripts in the same column are 
significantly different at p<0.05. 
Different lowercase letters in each column are significantly different 
at p<0.05. 
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following the addition of shiitake (L. edodes), and 
the addition of P. eryngii powder decreased the 
peak viscosity of dough during cookie processing 
(Biao et al., 2020; Tu et al., 2022). The reduced 
viscosity was attributed to shiitake dietary fibers, 
which inhibited amylose leaching and granule 
swelling. Based on these findings, we can conclude 
that H. marmoreus fibers reduce the viscosity of 
PSM, thereby enhancing its shear- thinning behavior.

3.5. Taste characteristics
Electronic tongues use an electrochemical sensor 

system to characterize the taste properties of samples 
and conduct repetitive analyses of liquid food 
samples, allowing the reproducibility of measurements. 
It is hard to achieve repeated measurements 
consistently when human taste testers are used, 
mainly because their receptor organs may become 
saturated after tasting several food samples, which 
reduces their sensitivity and objectivity (Diaz and 
Acevedo, 2014). Thus, the ASTREE II electronic 
tongue was used to determine the taste characteristics 
of the syrup samples supplemented with MP (Fig. 
4). The test findings indicated that the addition of 

MP enriched the umami, saltiness, and sourness 
scores of PSM, and decreased bitterness and 
sweetness scores. However, CRS ranked highest in 
sweetness and bitterness scores, followed by PSS. 
Previous E-tongue analyses have indicated that the 
taste properties of MP are characterized by high 
sweetness and umami taste scores (Hitayezu and 
Kang, 2021; Zhao et al., 2019) and these properties 
are enhanced by superfine grinding. However, we 
observed a reduction in the sweetness score of PSM 

   (A)                                                      (B)
  

Fig. 3. Rheological properties of syrup samples. The effect of shear rate on shear stress (A) and effect shear rate on apparent 
viscosity (B) curves. PSS, potato starch syrup without mushroom powder; PSM, potato starch syrup with 3% mushroom powder; 
CRS, commercial rice syrup.

Fig. 4. Electronic tongue radar chart of syrup samples. PSS, 
potato starch syrup without mushroom powder; PSM, potato 
starch syrup with 3% mushroom powder; CRS, commercial 
rice syrup.
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samples in our study. The thermal processing may 
have caused these changes. Indeed, it has been 
reported that roast flavors increase and sweet 
flavors decrease owing to the decomposition of 
sugars, free amino acids, and fatty acids during the 
Maillard reaction (Hong et al., 2022). Liu et al. 
(2017) indicated that heat processing reduced sweet 
and bitter amino acids and highlighted a negative 
correlation between sweet and bitter amino acids 
and amino acids associated with saltiness and 
umami flavors. Similarly, in this study, the addition 
of MP resulted in an increase in saltiness and 
umami flavors and a decrease in sweetness and 
bitterness taste characteristics of PSM. Overall, 
heat treatment and the Maillard reaction were 
responsible for the changes observed in the taste 
properties of potato starch syrup supplemented 
with MP.

4. Conclusions
In conclusion, this study revealed that potato 

starch is a potential raw material for syrup processing 
and highlights the beneficial effects of adding 
superfine H. marmoreus MP to potato starch syrup. 
Our findings showed that MP addition significantly 
improved the physicochemical characteristics of 
potato starch syrup, such as total polyphenol content, 
total pectin content, reducing sugar content, DPPH 
radical scavenging activity, and dextrose equivalent. 
Moreover, the rheological properties of potato 
starch syrup were greatly improved. Analysis of 
taste properties using an electronic tongue revealed 
that adding MP reduced the sweetness and 
increased the umami taste scores of the syrup 
samples. Superfine H. marmoreus MP added to 
other starch syrups, especially those manufactured 
from roots and tubers, may enrich their quality 

characteristics. However, further investigations are 
required to optimize the processing conditions for 
potato starch syrup.

Acknowledgements
This research was supported by the Ministry of 
Education (MOE) and the National Research Foundation 
of Korea (NRF) through the “Leaders in Industry- 
University Cooperation” Project of the Gangneung- 
Wonju National University. 

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions
Conceptualization: Hitayezu E, Kang YH. Formal 
analysis: Hitayezu E. Methodology: Hitayezu E. 
Validation: Hitayezu E, Kang YH. Writing - original 
draft: Hitayezu E. Writing - review & editing: Hitayezu 
E, Kang YH.

Ethics approval
This article does not require IRB/IACUC approval 
because there are no human and animal participants. 

ORCID
Emmanuel Hitayezu (First author)
https://orcid.org/0000-0002-3822-3619
Yoon-Han Kang (Corresponding author)
https://orcid.org/0000-0002-4450-0483

References
Bhattarai B, Swarnima KC. Effect of potassium on 

quality and yield of potato tubers. J Agric 
Environ Sci, 3, 7-12 (2016)

Biao Y, Chen X, Wang S, Chen G, McClements DJ, 
Zhao L. Impact of mushroom (Pleurotus eryngii) 
flour upon quality attributes of wheat dough and 



Korean J Food Preserv, 29(4) (2022)

https://www.ekosfop.or.kr 629

functional cookies-baked products. Food Sci 
Nutr, 8, 361-370 (2020) 

Blois MS. Antioxidant determination by the use of a 
stable free radical. Nature, 181, 1199-1200 
(1958)

Burlingame B, Mouille B, Charrondiere U. Nutrients, 
bioactive non-nutrients and anti-nutrients in 
potatoes. J Food Compos Anal, 22, 494-502 
(2009) 

Chen S, Qin L, Chen T, Yu Q, Chen Y, Xiao W, Ji X, 
Xie J. Modification of starch by polysaccharides in 
pasting, rheology, texture and in vitro digestion: 
A review. Int J Biol Macromol, 207, 81-89 
(2022)

Choi SH. Quality characteristics of sulgidduk added 
with pine mushroom (Tricholoma matsukake 
Sing.) powder. Korean J Food Nutr, 23, 549- 
555 (2010) 

Diaz YYR, Acevedo CMD. Electronic tongue for wine 
discrimination, using PCA and ANN. Paper 
presented at 2014 Ⅲ International Congress of 
Engineering Mechatronics and Automation 
(CIIMA), October 22-24, Cartagena, Colombia 
(2014) 

Dominque B, Gichuhi PN, Rangari V, Bovell-Benjamin 
AC. Sugar profile, mineral content, and rheological 
properties of an isomerized sweet potato 
starch syrup. Int J Food Sci, 2013, 1-8 (2013) 

Dong W, Hu R, Long Y, Li H, Zhang Y, Zhu K, Chu 
Z. Comparative evaluation of the volatile profiles 
and taste properties of roasted coffee beans as 
affected by drying method and detected by 
electronic nose, electronic tongue, and 
HS-SPME-GC-MS. Food Chem, 272, 723-731 
(2019) 

Eshkabilov S, Lee A, Sun X, Lee CW, Simsek H. 
Hyperspectral imaging techniques for rapid 
detection of nutrient content of hydroponically 
grown lettuce cultivars. Comput Electron Agric, 
181, 105968 (2021)

Han D, Zhang CH, Fauconnier ML, Jia W, Wang JF, 
Hu FF, Xie DW. Characterization and comparison of 

flavor compounds in stewed pork with different 
processing methods. LWT - Food Sci Technol, 
144, 111229 (2021)

Hernandez-Lopez A, Sanchez Felix DA, Zuniga 
Sierra Z, Garcia Bravo I, Dinkova TD, Avila- 
Alejandre AX. Quantification of reducing sugars 
based on the qualitative technique of benedict. 
ACS Omega, 5, 32403-32410 (2020)

Hitayezu E, Kang YH. Effect of particle size on the 
physicochemical and morphological properties of 
Hypsizygus marmoreus mushroom powder and 
its hot-water extracts. Korean J Food Preserv, 
28, 504-549 (2021)

Hong SJ, Yoon SJ, Lee JK, Jo SM, Jeong H, Lee Y, 
Park SS, Shin EC. A comprehensive study for 
taste and odor characteristics using electronic 
sensors in broccoli floret with different methods 
of thermal processing. J Food Process Preserv, 
46, 1-12 (2022)

Hull P. Glucose Syrups: Technology and Applications. 
Wiley-Blackwell Publishing, Ames, Iowa, USA, 
p 19-30 (2010).

Islam T, Yao F, Kang W, Lu L, Xu B. A systematic 
study on mycochemical profiles, antioxidant, and 
anti-inflammatory activities of 30 varieties of 
Jew’s ear (Auricularia auricula-judae). Food Sci 
Hum Wellness, 11, 781-794 (2022)

Johnson R, Moorthy S, Padmaja G. Production of high 
fructose syrup from cassava and sweet potato 
flours and their blends with cereal flours. Food 
Sci Technol Int, 16, 251-258 (2010)

Kadnikova IA, Costa R, Kalenik TK, Guruleva ON, 
Yanguo S. Chemical composition and nutritional 
value of the mushroom Auricularia auricula- 
judae. J Food Nutr Res, 3, 478-482 (2015)

Kang MJ, Shin JH. Quality characteristics of 
jochung containing various level of steamed 
garlic powder. Korean J Food Cook Sci, 28, 
867-870 (2012)

KFDA. Food Code. Ministry of Food and Drug Safety, 
Korea, p 103 (2019)

Khusniati T, Widiawati A, Yuningtyas S, Sulistiani. 



Effect of Hypsizigus marmoreus powder addition on potato starch syrup quality

630 https://doi.org/10.11002/kjfp.2022.29.4.620

Improvement of yogurt quality from mushrooms 
and nuts by the addition of Amyloproteolytic 
from Lactobacillus satsumensis EN38-32. Earth 
Environ Sci, 762, 012080 (2021)  

Kim MJ, Chung HJ. Quality characteristics and 
antioxidant activities of yanggaeng added with 
Pleurotus eryngii powder. J East Asian Soc Diet 
Life, 27, 69-77 (2017)

Kumar H, Bhardwaj K, Sharma R, Nepovimova E, 
Cruz-Martins N, Dhanjal DS, Singh R, Chopra C, 
Verma R, Abd-Elsalam KA, Tapwal A, Musilek 
K, Kumar D, Kuca K. Potential usage of edible 
mushrooms and their residues to retrieve 
valuable supplies for industrial applications. J 
Fungi, 7, 1-18 (2021)

Kurt A, Genccelep H. Enrichment of meat emulsion 
with mushroom (Agaricus bisporus) powder: Impact 
on rheological and structural characteristics. J 
Food Eng, 237, 128-136 (2018)

Lee HJ, Sung JH, Choi JY, Cho JS, Lee YM, Chung 
HS, Moon KD. Evaluation of the quality 
characteristics in omija (Schizandra chinensis 
Baillon) power tea. Korean J Food Sci Technol, 
48, 42-47 (2016)

Lee JE, Choi YH, Cho MG, Park SY, Kim EM. 
Characteristics of jochung by wet-milled rice 
flour and steamed rice. Korean J Food Nutr, 
25, 637-643 (2012)  

Liu D, Li S, Wang N, Deng Y, Sha L, Gai S, Liu H, 
Xu X. Evolution of taste compounds of dezhou- 
braised chicken during cooking evaluated by 
chemical analysis and an electronic tongue 
system. J Food Sci, 82, 1076-1082 (2017)

Lu X, Brennan MA, Guan W, Zhang J, Yuan L, 
Brennan CS. Enhancing the nutritional properties 
of bread by incorporating mushroom bioactive 
compounds: The manipulation of the pre- 
dictive glycaemic response and the phenolic 
properties. Foods, 10, 1-16 (2021)

Lu X, Brennan MA, Serventi L, Liu J, Guan W, 
Brennan CS. Addition of mushroom powder to 
pasta enhances the antioxidant content and 

modulates the predictive glycaemic response of 
pasta. Food Chem, 264, 199–209 (2018)

Lv R, Kong Q, Mou H, Fu X. Effect of guar gum on 
stability and physical properties of orange juice. 
Int J Biol Macromol, 98, 565-574 (2017) 

Majeed M, Khan MU, Owaid MN, Khan MR, Shariati 
MA, Igor P, Ntsefong GN. Development of 
oyster mushroom powder and its effects on 
physicochemical and rheological properties of 
bakery products. J Microbiol Biotech Food Sci, 
6, 1221-1227 (2017)

McComb EA, McCready RM. Colorimetric determination 
of pectic substances. Anal Chem, 24, 1630- 
1632 (1952) 

Min B, Kim S, Oh YL, Kong WS, Park H, Cho H, 
Jang KY, Kim JG, Choi IG. Genomic discovery 
of the hypsin gene and biosynthetic pathways 
for terpenoids in Hypsizygus marmoreus. BMC 
Genom, 19, 1-12 (2018)

Negrulescu A, Patrulea V, Mincea MM, Ionascu C, 
Vlad-Oros BA, Vasile Ostafe V. Adapting the 
reducing sugars method with dinitrosalicylic acid 
to microtiter plates and microwave heating. J Braz 
Chem Soc, 23, 2176-2182 (2012)

Ojuwemi E, Opeyemi A, Oluwaseum MA, Damilola B, 
Ayodeji A, Olugbenga A, Ojewumi E, Oladele O. 
Evaluation of glucose syrup produced from 
cassava hydrolyzed with malted grains (rice, 
sorghum & maize). Int J Pharm Sc Res, 9, 
1000-1010 (2018) 

Park JS, Na HS. Quality characteristics of jochung 
containing various level of Letinus edodes 
powder. Korean J Food Sci Technol, 37, 
768-775 (2005) 

Pinto MDS, Lajolo FM, Genovese MI. Bioactive 
compounds and antioxidant capacity of 
strawberry jams. Plant Foods Hum Nutr, 62, 
127-131 (2007) 

Tadesse B, Bakala F, Mariam LW. Assessment of 
postharvest loss along potato value chain: The 
case of Sheka Zone, southwest Ethiopia. Agric 
Food Secur, 7, 1-14 (2018)



Korean J Food Preserv, 29(4) (2022)

https://www.ekosfop.or.kr 631

Tu J, Brennan MA, Hui X, Wang R, Peressini D, Bai 
W, Cheng P, Brennan CS. Utilisation of dried 
shiitake, black ear and silver ear mushrooms into 
sorghum biscuits manipulates the predictive 
glycaemic response in relation to variations in 
biscuit physical characteristics. Int J Food Sci 
Technol, 57, 2715-2728 (2021) 

Uthumporn U, Zaidul ISM, Karim AA. Hydrolysis of 
granular starch at sub-gelatinization temperature 
using a mixture of amylolytic enzymes. Food 
Bioprod Process, 88, 47-54 (2010)

Wee KI, Kang YH, Lee KT. Physicochemical and 

sensory quality characteristics of various rice 
jochung products. Korean J Food Preserv, 23, 
804-810 (2016) 

Zhao X, HU Z, XUE L, Lu D, Jia L, Cheng K. Effect 
of ultra-high pressure treatment on sensory 
quality of skim milk. Food Sci, 40, 172-184 
(2019)

Zhou R, Bao H, Kang YH. Synergistic rheological 
behavior and morphology of yam starch and 
Auricularia auricula-judae polysaccharide- 
composite gels under processing conditions. 
Food Sci Biotechnol, 26, 883-891 (2017)


