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ABSTRACT

Objectives: In this study, we suggest a Korean NOVA food classification that can be applied
to food consumption among Korean. Based on this suggestion, the nutritional intake of Korean
adults from ultra-processed foods (UPFs) was estimated.

Methods: Korean commercial food was categorized based on the NOVA food classification
criteria through the Korea Food Code and expert meetings. Then, the nutrient intake status of
6,991 participants in the 2018 National Health and Nutrition Examination Survey was analyzed
according to the food processing level. Then, 4,152 adult participants (age 19-65) were divided
into quartiles on the basis of their intake of UPFs, and the nutrient intakes from UPFs were
compared.

Results: Korean NOVA Food Classification defines with priority Group I (Unprocessed/
Minimally processed foods) and Group II (Processed culinary ingredients) foods based on the
food cooking or consumption. Then, Group III (Processed foods) and Group IV (UPFs) are
classified according to whether the characteristics of the raw materials used are maintained or
whether the food was consumed before the 1970s. Our analysis results showed that most of the
calories in the diet were consumed by Group I (52.7%), followed by Group IV (29.3%). After
categorization of the adult participants into four groups according to their energy consumption
from UPFs, we found that the highest consumption group (Q4) was younger and had higher
percentage of men than women. The comparative analysis of the consumption of ultra-processed
foods by Korean adults revealed that participants of a younger age and men consumed higher
energy from UPFs than older participants and women, respectively (P <0.01). Furthermore, the
larger intake of UPFs was associated with an increasing trend for a higher intake of energy, sugar,
saturated fat (P for trend <0.001), total fat (P for trend =0.021), and sodium (P for trend =
0.005), whereas the intake of carbohydrate, protein, and dietary fiber had a decreasing trend (P
for trend <0.001).

Conclusions: With the current increase in the consumption of processed and ultra-processed
foods, it is important to carefully consider not only nutrient intake but also the level of food
processing.
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* Honey, Sea salt, Other meat or other eggs

relatefi regulatio * (Exception) Meat simply cut and packaged

(Meat / Milk / Egg)

Packaged meat, Milk formulas, Processed products containing
meat, Processed products containing eggs, etc. [ Food
(Special use) ' characteristics
Alcoholic drinks, Specialty food

(Specific unity / Raw materiality) Y
Parboiled rice, Red pepper powder, Flour, Natural spices, Edible u 5
fat and oil, Saccharides, Fish product

* (Convenience food)
Cereal - Noodles - Edible raw food - Ready-to-eat foods
* (Snacks)
Cocoa products - Frozen desserts - Chocolates > Confectionery
- Chocolate products - Other processed cocoa products
(Beverages)
Coffee - (red)Ginseng beverage - Tea - Carbonated beverage
- Soybean milk products - Fruit and vegetable beverages
* (Seasoning food)
Common salt - Vinegar - Curry - Spice preperations - Korean
jang - Sauces - Jam
* (Side dishes)
Salted Fish = Tofu/Muk - Kimchi group - Seasoned laver -
Dried fish and shells

Product use

(Peanut / Nut)

Peanut or nuts processed products

(Raw materials of animal origin)

Insect processed foods > Chinese soft shell turtle processed food
(Honey / Pollen)

Royal jelly product - Product consisting of pollen

(Yeast)

Yeast-based food

Use of specific
raw materials

+ (Extract) Extracted processed food

+ (Fermentation) Enzyme food
 (Pickle) Sugaring food - Pickled food
+ (Braised) Braised food

Manufacturing
process
characteristics

Sugar processing products, Other edible oil processing
products, Processed fruits and vegetables, Grain products,
Processed bean products, Other agricultural product, Other
processed marine product, Other animal processed foods
Other processed goods

Main raw
material

Fig. 1. Clossification criteria and flowchart of the food types
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Raw materials

Ingredients isolated Group I
from raw materials No " Unprocessed or Minimally
(pressing, extraction, drying, etc.) processed foods
Yes
Ingredients for cook | Z(lngt‘Edlent)
(salt, sugar, oil, etc.) No 9 New Food
Yes v
Maintain raw material | GrouplV
properties No Ultra-processed foods
Yes
GroupII Food eaten before
Processed culinary ingredients (before 1980's)
Yes
GroupIll

Processed foods

Fig. 2. Food classification flowchart by the Korean NOVA classification system
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Table 2. Nutrient intake status of Koreans according to the Korea NOVA classification system (2018 Korea National Health and Nutrition
Examination Survey)

Age (years)

NOVA group 1-19 20-39 40-59 60 < n =l2|!991]
(n = 1,400) (n=1,472) (n=2,074) (n = 2,045)

Energy (kcal)
Total 1,789.7 = 758.1 2,0823+ 8658 2009.7+ 8028 17134+ 6946 19286+ 805.8
Group | 961.4 = 481.7 10239+ 5479 11634+ 5407 11762+ 5257 1,091.1+ 5366
Group |l 763+ 962 98.4 + 1300 803+ 93.8 513+ 690 78.6 + 102.8
Group Il 136.6 = 153.0 1779 = 2125 185.4 = 1385 1258 = 1254 15821 = 163.9
Group V 6153 = 4627 7821 = 606.2 610.7 = 520.3 360.1 = 3957 606.8 = 534.1
% Group V" 331« 179 362+ 208 288+ 189 197« 175 297+ 199
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Table 2. contfinued

Age (years)
Al
NOVA group 1-19 20-39 40-59 60 < (n = 6,991)
(n = 1,400) (n=1,472) (n=2,074) (n = 2,045)
Carbohydrate (g)
Total 265.7 = 1126 288.3 = 120.6 2948 = 118.2 289.4 + 1157 286.7+ 117.8
Group | 181.6 = 799 1546 = 89.4 189.9 = 97.1 2159 + 1027 1787 = 96.7
Group Il 4.7 = 8.3 70+ 124 5.4 + 9.3 3.7 = 7.8 5.4 + 9.9
Group Il 124+ 150 165+ 169 171+ 149 161+ 150 167+ 156
Group IV 969+ 7438 1101 £ 88.1 824+ 756 547 = 61.6 869 = 79.1
% Group V2 60.3 = 9.8 568 = 127 606+ 135 689+ 11.6 612+ 130
Sugar (g)
Total 62.7 = 37.1 624+ 415 579+ 380 496+ 355 583+ 387
Group | 186+ 180 184+ 216 264+ 27.6 269+ 285 229+ 250
Group |l 2.6+ 49 4.1 = 6.7 3.5 =+ 6.4 2.6+ 6.3 3.3 = 6.3
Group Il 4.6 = 8.4 55 =+ 6.9 6.2 + 7.5 58 = 7.9 5.6+ 7.6
Group IV 369+ 319 344+ 330 218+ 233 14.3 + 159 264 + 282
% Group V¥ 14.4 + 6.9 122 = 6.6 12.0 = 6.8 11.6 = 6.7 12.4 6.8
Fat (9)
Total 494+ 300 5567 = 36.3 451 + 296 293+ 216 455+ 317
Group | 195+ 195 214+ 256 21.7 = 227 161+ 150 198+ 218
Group |l 6.3 = 8.1 7.7+ 113 65 = 8.3 40 = 58 6.3 = 8.9
Group Il 59 =+ 8.6 72+ 120 52 =+ 7.0 3.9 =+ 6.0 5.6 = 8.9
Group V 177 = 169 194+ 190 1.7+ 130 62 + 9.5 138+ 159
% Group VY 24,2 + 8.2 23.4 + 9.1 19.8 = 8.7 14.8 = 7.9 20.5 = 9.2
Saturated fat (Q)
Total 179+ 117 186+ 133 143+ 105 8.9 = 7.0 150+ 115
Group | 7.8 + 7.7 7.8 9.7 7.4 + 8.5 49 + 5.4 7.1 + 8.3
Group Il 1.0+ 1.9 1.3 = 2.7 0.9 + 1.3 0.5+ 0.8 1.0+ 1.9
Group Il 1.8 2.8 2.1 + 3.7 1.3+ 2.1 09 + 1.7 1.5+ 2.7
Group V 7.3 = 7.5 7.4 + 7.6 4.7 = 5.2 2.6+ 3.4 55 = 6.4
% Group V° 8.9 = 3.8 7.8 £ 3.8 6.3 = 3.3 4.6 = 2.8 6.83 = 3.8
Fibre (Q)
Total 16.5 + 9.6 210+ 117 255+ 133 259+ 1438 227+ 132
Group | 8.9 = 6.6 10.7 = 8.3 157+ 109 180+ 128 136+ 106
Group ll 00 = 0.2 00 = 0.2 0.0 = 0.1 00 = 0.0 00 = 0.2
Group Il 29 + 3.2 42 + 3.6 5.6 = 4.4 52 =+ 4.4 4.7 = 4.1
Group IV 4.6 = 52 6.1 = 6.9 4.1 + 4.7 28 + 3.6 45 + 5.4
Density (g/1,000 kcal)® 9.3 = 3.9 104 + 45 13.3 = 5.8 152 + 6.1 122 + 5.7
Sodium (Mmg)
Total 2,484.7 +1,647.1  3,488.5 +1,963.7 356678 +1,958.0 2919.6+1,763.2 3,2169 + 1,898.8
Group | 2429 + 2204 2900 = 296.7 321.3 + 3126 287.6 + 3240 2915+ 2975
Group |l 393.3+ 5294 543.8 + 779.9 608.1 + 809.5 427.7 = 638.1 513.9 + 728.3
Group Il 8252+ 6858 11,3205+ 1,0326 11,6169 +1,160.7 1,631.4=1,1228 1,375.4 = 1,083.1
Group IV 1,023.4 + 9829 11,3343 +£1,241.5 1,021.4 +1,062.8 673.0+= 8805 1,036.2 +1,092.8
Density (mg/1,000 kcal)?  1,366.2 = 553.8 1,703.4+ 711.1 1,8029+ 7319 1,7224+ 8314 1,680.6= 7567
Mean + SD

1) % Energy infake from Group vV

2) % Carbohydrate intake from Group IV

3) % Sugar infake from Group IV

4) % Fat infake from Group IV

5) % Saturated Fat intake from Group IV

6) Fiber intake from 1,000 kcal energy intake
7) Sodium infake from 1,000 kcal energy intake
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3,567.8 mg, 20-30th7} °F 3,488.5 mgO.& Wo] AFsh= 0= AN om, 1-194], 20-30t= LFIVEFE 7
/I UEF AF%e] 7P %3k, 40-50, 6041 o2 IR TIIelA 71918 YEF A3 7] 7HE =3kt

2) o= Mole] ZNFAE MAFY ME I8 & YA NA o

2018 =17 Szt AF= oA 194 w|Rk, 654 o)/d-S AlQlst A2l & 4,1529 S 171V 27H2)5% AF el
ek ARES] 2E O % Wro] Hlask A= Table 3, 48} 2tk 27F235S 7 A A AF k= Q1] 27H2%
FE AFH ks @ vlEo] 7.1%%1 v 71 wol] AHdH sk Q4= 58.3% = QlKth oF 8ul7he Eokeh gk 2714
9 AF o] 7P 2 Q49 HurddHo] 38.2412 QlEt HrdAHo] 8.64] Stk G Q] A9 Qlold Q4R 4=
H]go] ol L, oA 2] A WHi R QlollA Q4= A5 nlgo] oyt & Ago] WesSE, Adnrl= JAo] =
7hs e vl wol AFshe Ale® UERTHP = 0. 003) e w2 5 2 #el A JAe F57(6.4%), vl
G (4.0%), W57 (3.4%), F2H(2.9%) TO= ZAE oW, o v-F=H (4.3%), 5 (4.2%), 97 (2.4%),
T5(2.3%) & ZAE et

A R T A YU TS BN A7 2 AES Wol WSS AR LA e] AFH el S
I (P<0.001), §akEy) vl Aolad 5] AR At < 0.001). ek A, EFS] 49 Q37 7F
7 Wol AdFshe A0E YR ARE, Q17 Blsiels wl Q4elA o Bol d3shk= ﬁi ZAFEJATH(P < 0.001, P =
0.021, P=0.005). A3 A A3} 2713453 wo] HS5= daF, G, Ji}xl%k (Pfor trend < 0.001), A%
(Pfor trend = 0.021), YEF (Pfor trend = 0.005) 37} F7F6Hs FAIE B, €@dha, thild | 2lo]d{-2]
AF e 7HAdl= FAE HATH(Pfor trend € 0.001).

Table 3. Dietary and demographic characteristics by the percentage of energy intake from ulfra-processed foods in Korean adulfs (n =

4,152)
- Q12 QR Q3 Q4
Characteristics (n=1,038) (n=1,038) (n=1,038) (n=1,038) P-value
Group IV E %" 7.1+ 4.6 213+ 3.9 358+ 4.7 583 +11.0
Age (year) 46.8 + 12.2 433 = 12.7 415+125 382+ 125
Men 399 (22.4%) 449 (25.1%) 455 (25.5%) 481 (27.0%)
Gender 0.003
Women 639 (27.0%) 589 (24.9%) 583 (24.6%) 557 (23.5%)
Mean + SD

1) Percentage of energy intake from ultra-processed foods
2) Quartiles based on the energy consumption from ultra-processed food among Korean adults (19-64 years of age).

Table 4. Nufrient intake of Korean adults according to ultra-processed food intake (n = 4,152)

Ql Q2 QA3 Q4 Piorl
Nutrients 1058 (n = 1,038) (n = 1,038) (n =1,038) orfner
B P-value B P-value B P-value
Total energy (kcal) Ref. 173.6 < 0.001 338.2 < 0.001 433.1 < 0.001 < 0.001
Total carbohydrate (Q) Ref. -12.7 < 0.001 -17.0 < 0.001 -37.0 < 0.001 < 0.001
Totfal sugar (Q) Ref. 5.0 0.001 8.4 < 0.001 4.9 0.001 < 0.001
Total protein (Q) Ref. -1.5 0.132 -7.8 < 0.001 -16.1 < 0.001 < 0.001
Total fat (g) Ref. 3.9 < 0.001 4.8 < 0.001 2.2 0.032 0.021
Total saturated fat (g) Ref. 1.7 < 0.001 2.8 < 0.001 3.1 < 0.001 < 0.001
Fibre density (9/1,000 keal) Ref. -1.7 < 0.001 2.9 < 0.001 -4.3 < 0.001 < 0.001
Sodium density (mg/1,000 kcal) Ref. 66.7 0.049 111.6 0.001 84.6 0.011 0.005

All the estimates were obtained using the linear regression model after adjusting for sex and household income. For the tfotal car-
bohydrate, sugar, protein, fat, and saturated fat, the total energy intfake was additionally adjusted in the model.
B: Beta coefficient from the linear regression model
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.—IL At
HELE SE w4 B 9181 7H ol AHEEIE e NOVARRAARI [5], ol /e 4| 10
o AL AP ) QA1 ek 8ol e o) A0 sk g phe Aol NS 3
LA E ZBAES T /1 AR AR AR 54 % 5, 4BYIFRY AGEY Fol glor (14, 24,
251, 74 Fell AAIE Tl e bR S AR AEE BARE AT RGBT 2
U FARES A8 AFAES A ATHE 59 7P ek, Seivtere] 9 AFsks e Ao ofv] AL

A31510] 5132 0] PR 404 BHES ALG 5 B0 o Al AV 00 eyl Selufel
o AFel A8 5 Ak 2MBAE BF 5L %él%ﬁl T B4 B oltel AEA MA RS NFOE 47
= =
it 1A

Faaie] 20180 F) 2AHTAT AADS B

At 318 NOVAR-FAAS 28319 39 Cé% *13%4 A3 v]=7) lekﬂ K3 ) Steele 5 [26]2 7=
ok%A1¢l NHANES 2009-20108] A8 =

E1V 1,210 kecal7} 7]Q18H= A o7 4519t} olL A B D A F 2,070 kcal 7lfﬂi B uj 1*14 i
IV Hl&-& Z}2} 28.3%, 58.5%% -Hueh= Z151(1,091 kcal, 52.7%)°] 151V (606 keal, 29.3%)2] °F 217}
& e el v IFIVZE Z2E el vla)] 28 B2 ol o] dhle] Q1 who] kS vk 710 % 1o
A nlFolrol 2|9 Aggo] A8t E vkl SHA|RE o X 7EA] = A A 0= 27k AR 2] AT AT
21 slel] vlal] A 2102 ojAZI

flo

FEAF ) A 19 A AFFe)] 58.26 g, 1-194] 62.67 g, 20-30t 62.40 g7 WHO 19 A44FH 25 gk
T} Wol A= 215 & 4 USITh. 12020 skl a3V EAEXN, 2020)2 7H23%5S &8t 37 A
S 19 D] 10% oz B sljoksitiar zﬂAl A RE, 2 AL A} JP&@% of] 711 i AH o] BE A
Aol 10% o173¢] 2o 2 Yepdth JYEF T3 19-644] 4219 UERF Tds 9874 AF% S 2,300 mg/

ad= xqma}gigur BE Aol AAlE AFAZFET 100 mg o A4 YRt 53] 1-194], 20-30tjollA] ZF5IVE
HE] 7]QIsh el UEF AF®o] 7P w0kar, A AFIRF et 7P wol 71R1sh 1R T 2 Akel7k A ek
Chang~[27]<>l 9,0257 8] ofdolE TAlIA 24M7b4] FAF A3t TIF1V, 27 AES 7P Wol AHle 15
BMI, =571, &lgfEd, AAgo] Fadriel 27] AR7|Z o wEA X135l om 24Aﬂ 7HA] HtA o & BMIFA] 9 A
Aol 247y 1.2 kg/m?, 1.5%= A ebal, w7-A1E 3.7 kg t] %ol, lglEdl= 3.1 cm Y 24| YERSIT oaa A
A glE AFyo] ARV 27k gdE o] Ao AA 9 Al el Qe v F A O0BR 2IbEAE
H TJr 2HE FolaL HAaTbeAFEel tigh A A4S A sk Bok wlAola a3A]l 35 B iﬂﬂ

2ol wﬂ 27VFAE AR meh AHES TF O o] ulaa) A3} tol7h Ag42 27}

SREEE
o] 417ak 2107 UrERIT). Ha & Kim (28], Lee & Ahn[29]19] 7oA & Vo) 2855 7124152 43595} 4
SE7b A 2AbERom], TR, g, 2R, Wyle] 59 TN E Uolrt &S it 2HEAE] A 7)o

/b EeH30-33). YuHAOR B AREC] A% PP Farel wgkehed, Al ] chal Aol datar, of
So] wh ARSI B0 2 Qg WOl QIAHIENT 5 2k AnlFle) WhE B 71918 2o walth(34,
35, w3k o]l A5} Fa

o

S| WA E oARFET 27 A RS Y wo] AFlshs 2o YERIHH(P < 0.01) [21, 35-

37]. o] oJAlo] YAl R} 73t oJoka} A=A v Wo| ot A7k RS S el whE YAe F=2 FH S
of e} HZlo)aL &n] 8] 7ol -Alsh, Bho] Zhet 715X 5241& ASshe 5 Wl Alsa A7l dist AId xjo]

o & oz ®elr}[38]
ARES] I F 2R 7P A AFshe QLe 7o ® 7P wol AFshs Q4] Y A v A o
F(P<0.001), ESAW (< 0.001), 57 (£ < 0.001), A (P =0.032), HEF (P = 0.011) 2] A3 Zo] T7I513
3, §ealE ) gl Ao AdG-0) AF TS ASITH(P < 0.001). 27 AFE dnkEor A A, I
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