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ABSTRACT

This study investigated the types of alternative ingredients used in domestic and international gluten-free products and
evaluated their nutritional composition, with particular emphasis on protein quality. A total of 561 gluten-free products
manufactured and sold both domestically and internationally through online and offline channels were collected and analyzed.
Grains were identified as the most commonly used gluten substitute (68.28%), followed by nuts (17.13%), tubers (10.19%),
and legumes (4.40%). International products accounted for a substantially larger proportion of the market (75.40%) than
domestic products (24.60%). Among product categories, candy products exhibited the highest price per 100 g (19,945.66
KRW), whereas sauces showed the highest energy content (498.12 kcal/100 g). Nutritional characteristics varied significantly
according to the primary alternative ingredient. Nut-based products contained significantly higher levels of energy, total fat,
and saturated fat, while grain- and tuber-based products exhibited significantly higher carbohydrate content. In contrast,
legume-based products showed significantly lower sugar contents and superior protein quality. Specifically, legume-based
products demonstrated the highest protein content (20.84 g/100 g), percentage of recommended intake (32.06%), nutrient
density (64.27 g/1,000 kcal), and Index of Nutritional Quality (INQ; 2.57) among all substitute groups. Compared with
international products, domestic gluten-free products were characterized by significantly lower prices, energy contents, and
carbohydrate levels. These findings indicate that the type of alternative ingredient used strongly influences the nutritional
quality of gluten-free products and suggest that legumes may serve as a nutritionally and economically advantageous substitute
for gluten-containing ingredients.
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Table 1. General characteristics of gluten-free products
Characteristics Criteria n (%)
Confectionery 196(34.94)
Raw ingredients and powdered products 146(26.02)
Bakery products 74(13.19)
Candies 47(8.38)
Product types Noodle products 31(5.53)
Sauces 26(4.63)
Cereals 22(3.92)
Ready-to-cook foods 11(1.96)
Fermented soy products 5(0.89)
Beverages 3(0.53)
Total 561(100.00)
Rice 154(35.65)
Brown rice 61(14.12)
Oats 26(6.02)
Corn 22(5.09)
Grains Buckwheat 21(4.86)
Quinoa 5(1.16)
Sorghum 3(0.69)
Millet 2(0.46)
Teff 1(0.23)
Sub-total 295(68.28)
Potatoes 13(3.01)
Gluten replacement ingredients Tubers Tapioca 25(5.79)
Cassava 6(1.39)
Sub-total 44(10.19)
Soybeans 9(2.08)
Legumes Chickpeas 6(1.39)
Lentils 2(0.46)
Lupin 2(0.46)
Sub-total 19(4.40)
Almonds 51(11.81)
Nuts Peanuts 14(3.24)
Coconut 9(2.08)
Sub-total 74(17.13)
Total 432(100.00)
Product origin Domestic 138(24.60)
International 423(75.40)
Total 561(100.00)
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Table 2. Price and energy according to product type of gluten-free products

Product type n Price (KRW"/100 g) Energy (kcal/100 g)
Confectionery 196 14,707.93+9,540.65% 453.16+62.63
Raw ingredients and powdered products 146 10,550.95+14,180.97 359.07+£176.29
Bakery products 74 6,545.86+2,844.26 318.92+84.38
Candies 47 19,945.66+11,834.44 310.73+107.93
Noodle products 31 2,864.44+1,313.83 314.21+£66.60
Sauces 26 6,567.49+2,399.39 498.12+205.02
Cereals 22 7,317.1242,467.78 392.72+78.86
Ready-to-cook foods 11 6,568.87+2,014.03 334.85+43.83
Fermented soy products 5 3,421.72+1,690.07 170.80+67.60
Beverages 3 655.33£9.24 43.00+20.81

Y Korean won.
? Mean+S.D.
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Table 3. Energy and nutrient contents according to gluten alternative ingredients of gluten-free products

Variables Total (n=561) Grains (n=295) Tubers (n=44) Legumes (n=19) Nuts (n=74) F-value (p)
Price 2)
36+ . .64+ . A1+ . 20+ . .66+ . . .
(KRW/100 ) | 1331 3651084755 9216.6428,498.57 12,165.117,125.80 8053202589192 11,0746628,046.19  2.60(0.052)
E
HeIgy 384.04+136.06 378.95404.07%  407.5449126°  336.50£100.57°  461.094102.73*  17.17(<0.001)
(kcal/100 g)
h
Ca(':/’loogd;‘te 58.26+24.30 62.93+18.82° 65.47+27.41° 46.01£20.85" 41.53+14.43%  28.78(<0.001)
Sugars 14.39+19.06 14.52+16.34" 14.39426.24° 3.18+3.70° 14.99£13.08°  2.81(0.039)
(¢/100 g)
(g/lFoag o 15.5116.24 11.599.72° 13.92+12.12° 9.57+7.60" 29.84+12.58"  62.18(<0.001)
t fat
Saturated fa 5.5248.77 3.77+4.58% 5.99+7.22b 2.69+3.09° 10.98£9.90°  29.00(<0.001)
(¢/100 g)
Trans fat 0.09:£0.86 0.15+1.19 0.0240.11 0.00£0.00 0.09:£0.22 0.37(0.777)
(g/100 g)
holesterol
Cholestero 20.97+50.78 25.79+57.23 19.11+39.75 20.57+35.83 18.20436.15  0.57(0.636)
(mg/100 g)
N
. g/lgO g A1IL94639 356.54447545  A7445£55639  320.38+330.59  247.39424542  2.47(0.062)
Y Korean won.
Y Mean+S.D.

 Values with different superscript letters in the same row are significantly different at a=0.05 by Duncan’s multiple range test.
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Table 4. Protein evaluation according to gluten alternative ingredients of gluten-free products
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Protein quality indices Total (n=561) Grains (n=295) Tubers (n=44) Legumes (n=19) Nuts (n=74) F-value (p)
Content (g/100 g) 9.36+10.35" 7.65+5.152 9.94+13.60°  20.84+1321°  13.48+8.98"  26.68(<0.001)

% Recommended Intake 14.40£15.92  11.7747.93°  15.28+20.92°  32.06+20.33*  20.74£13.81°  26.68(<0.001)
Nutrient density (/1,000 kcal) — 26.20+£35.92  2329+35.51°  26.07+35.66°  64.27+32.95°  30.20£22.90°  9.20(<0.001)
INQY 1.05+1.44 0.93+1.42° 1.04+1.43° 2.57+1.32° 1.21£0.92°  9.20(<0.001)

Y Mean+S.D.

Y Values with different superscript letters in the same row are significantly different at a=0.05 by Duncan’s multiple range test.

% Index of nutritional quality.
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Table 5. Energy and nutrient contents of domestic and international gluten-free products
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Variables Total (n=561)

Domestic (n=138)

International (n=423)

t-value (p)

Price (KRW"/100 g) 11,331.36+10,847.55?

Energy (kcal/100 g) 384.04+136.06
Carbohydrate (g/100 g) 58.26+24.30
Sugars (g/100 g) 14.39+19.06
Protein (g/100 g) 9.36+10.35
Fat (g/100 g) 15.51+16.24
Saturated fat (g/100 g) 5.52+8.77
Trans fat (g/100 g) 0.09+0.86
Cholesterol (mg/100 g) 20.97+50.78

Na (mg/100 g) 454.11+1,946.39

5,614.42+3,497.31

344.52+111.23
46.62+19.11
12.59+12.08
8.53+5.14
14.55+11.01
5.82+5.34
0.38+1.72
57.55+73.83
452.09+1,448.05

13,196.46+11,747.48

396.93+140.97

62.06+24.63

14.984+20.82
9.63+11.54
15.82+17.62
5.434£9.60
0.00+0.00
9.28+33.26

454.77+2,085.16

~11.77(<0.001)

—4.48(<0.001)

~7.65(<0.001)
~1.66(0.098)
~1.55(0.122)
~1.00(0.317)
0.59(0.553)
2.56(0.012)
7.28(<0.001)
~0.02(0.987)

Y Korean won.
2 Mean+S.D.
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