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Abstract

Aim: This study characterized pre-packaged foods in Southeast Asia using Nutri-Score, NOVA, and Multiple
Traffic Light systems; cross-classified products by Nutri-Score and NOVA; and assessed their ability to
discriminate products by nutrient content.

Methods: Data were obtained from Open Food Facts in October 2024. Of 29,789 products identified in
Southeast Asia, duplicates and products with incomplete information were excluded, resulting in 4,668 pre-
packaged food products from eight Southeast Asian countries. Salt, sugar, total fat, and saturated fat
contents were evaluated using the Multiple Traffic Light system. Nutri-Score data were available for 4,565
products, while 2,068 products had complete information for both Nutri-Score and NOVA and were
included in cross-classification analysis. Spearman correlation analyses examined relationships among
Nutri-Score, NOVA, and nutrient profiles.

Results: Most products were of lower nutritional quality, with 52% classified as Nutri-Score D or E and
71% categorized as ultra-processed (NOVA 4). Multiple Traffic Light classification showed that beverages
and sweet products had the highest proportion high in sugar, while beverages, cereals, and dish meals were
most frequently high in salt. Sweets and snacks were the main contributors to products high in total fat and
saturated fat. Cross-classification showed that as Nutri-Score decreased from A to E, the prevalence of ultra-
processed foods consistently increased, while NOVA 1 became nearly negligible, indicating a trend between
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poorer nutritional quality and higher processing. Nutri-Score showed weak-to-moderate positive
correlations with sugar (r = 0.355, p < 0.001), saturated fat (r = 0.364, p < 0.001), and salt (r=0.190, p <
0.001). NOVA showed weaker but significant correlations with sugar (r=0.149, p < 0.001) and salt (r =
0.138,p < 0.001).

Conclusions: Nutri-Score was associated with nutrient-rich foods, while NOVA highlighted processing
levels. Combined use offers a more comprehensive evaluation than either system alone. Integrating
nutrient profiling and processing classification in front-of-pack labeling may guide consumer choices and
public health efforts to reduce diet-related NCDs in Southeast Asia.

Keywords

front-of-pack labeling systems, Nutri Score, NOVA classification, ultra-processed food, Multiple Traffic Light
(MTL) system

Introduction

Noncommunicable diseases (NCDs) account for at least three quarters of global mortality in 2021, as
reported by the World Health Organization (WHO) [1]. These diseases affect individuals across all age
groups, regions, and countries, highlighting their far-reaching impact. Various factors contribute to the
increased risk of developing NCDs, with one significant modifiable factor being dietary choices. Diets high in
salt, simple and added sugars, saturated fats, trans fats, and highly processed foods have been consistently
linked to an increased risk of NCDs such as cardiovascular disease, diabetes, and certain types of cancer [2].
Southeast Asia represents an important context for evaluating front-of-pack labeling (FoPL) systems due to
the region’s rising burden of diet-related non-communicable diseases, increasing availability of processed
and ultra-processed foods, and varying stages of FoPL policy implementation across countries.

In the Southeast Asia region, there is evidence of a rapid nutrition transition marked by a shift in diets
towards increasing consumption of unhealthy diet and increased prevalence of associated NCDs [3]. The
nutrition transition is characterized by a substantial shift from traditional whole foods toward highly
processed and packaged foods and beverages, which are typically energy-dense, high in sugar, sodium, and
saturated fats, and relatively low in dietary fiber [4]. This is driven by fact that the food system in the region
is transforming, characterized by a rapid expansion of retail outlets, particularly modern retail, which
increases consumer access to processed foods, especially ultra-processed foods (UPFs) [5].

UPFs are industrially formulated products made from multiple ingredients, often bearing little or no
resemblance to their original plant or animal sources [6, 7]. They contain ingredients that are not usually
used in home-cooked meals, such as artificial colors, flavors, and preservatives, to improve the products’
shelf life and their sensory qualities. Designed for long shelf life and enhanced sensory appeal, UPFs are
often mass-produced using low-cost ingredients, making them affordable and widely consumed [8, 9].

In response to the growing prevalence of diet-related diseases, public health efforts have increasingly
focused on strategies that promote healthier food choices. One such strategy is the use of FoPL systems,
which aim to provide consumers with simplified, accessible information about the nutritional quality of
food products [10, 11]. These systems help guide purchasing decisions at the point of sale by translating
complex nutritional data into more understandable formats. One of the most widely discussed FoPL
schemes is the Nutri-Score. This system uses color coding and letter grades to assess a food product’s
overall nutritional profile, considering factors such as energy, sugar, saturated fat, sodium, dietary fiber,
protein, and the presence of fruits or vegetables. Foods are assigned scores from A (healthiest) to E (least
healthy) to help consumers easily evaluate their relative healthfulness [12]. However, limited research has
examined pre-packaged food products in Southeast Asia using both the Nutri-Score and NOVA classification
systems. Understanding how these systems complement each other may provide a more comprehensive
assessment of the nutritional quality and processing level of foods available in the region. Aside from Nutri-
Score, another FoPL food labeling scheme developed by the United Kingdom (UK) Food Standards Agency is
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the Multiple Traffic Light (MTL) labeling system that uses green, amber, and red colors to indicate whether
a food is low, medium, or high in nutrients of concern such as fat, saturated fat, sugar, and salt per 100
grams of food [13].

Another food classification gaining attention is the NOVA food classification, which categorizes foods
based on their level of processing and purpose, rather than their nutrient content. NOVA food is divided
into unprocessed or minimally processed (NOVA 1); Culinary ingredients (NOVA 2); Processed foods
(NOVA 3); and UPFs (NOVA 4). This aims to reflect the potential health impact of industrial food
formulations [14].

Each of these systems—Nutri-Score, MTL labeling system, and NOVA—offers a unique perspective on
food quality, yet they may not always align in how they classify individual products; such misalignment
could confuse consumers or lead to under-recognition of ultra-processed foods that appear nutritionally
acceptable [15]. NOVA and Nutri-Score capture distinct dimensions of food quality, namely processing level
and nutrient profile, respectively. Their combined use may offer complementary information for assessing
dietary patterns and their potential health implications.

Given the increasing availability and consumption of processed and pre-packaged foods in Asia [16],
there is a pressing need to evaluate how these labeling systems interact and whether they effectively
differentiate foods based on critical nutritional components such as salt, sugar, total fat, and saturated fat
[17]- In Southeast Asia, particularly in Malaysia, Thailand, the Philippines, and Vietnam, progress in
updating food labeling regulations and implementing more comprehensive FoPL has been relatively slow,
in part due to food industry involvement. This influence has contributed to delays in the development and
implementation of effective FoPL policies, often through lobbying and recommendations for alternative
policy approaches, resulting in a more prolonged policy development process [18].

In the context of the study, by applying the Nutri-Score, NOVA food classification, and MTL labeling
systems to pre-packaged food products, this study seeks to provide a clearer and more comprehensive
understanding of the pre-packaged food products available in the Southeast Asian market. Although these
systems have not yet been implemented in the region, applying these international frameworks is expected
to provide an initial overview of the nutritional quality and level of processing of pre-packaged foods in
Southeast Asia. These findings may serve as a foundation for the future development of nutrient profiling
models and FoPL systems in the region.

Hence, this study aims to characterized the pre-packaged food products available in Southeast Asia
using Nutri-Score, NOVA classification systems and MTL labeling system. Furthermore, (1) the study will
conduct a cross-classification of pre-packaged food products using the Nutri-Score and NOVA classification
systems, and (2) to explore their ability to discriminate food products according to nutrients of concern
such as salt, sugar, total fat, and saturated fat content.

Materials and methods
Source of food data

Information about nutrient composition per 100 g (salt, saturated fat, total fat, sugars and dietary fiber),
nutritional quality (Nutri-Score), and the degree of processing (NOVA) of pre-packaged food items was
obtained from the Open Food Facts database [19]. It is a collaborative and freely accessible online database
that contains nutritional information on more than 2.7 million food products globally. This crowdsourced
repository is available under the Open Database License (ODBL). This database has been widely used as a
data source in previous peer-reviewed studies published in reputable journals, supporting the validity and
acceptability of this data acquisition approach [20, 21]. Using the advanced search function on the website,
we searched all Southeast Asian countries, including Brunei, Cambodia, Indonesia, Laos, Malaysia,
Myanmar, the Philippines, Singapore, Thailand, Timor-Leste, and Vietnam. The database’s advanced search
function was employed to filter products by country of origin, with additional filters applied as needed to
focus on relevant food categories, nutrient content (such as sugar, salt, and fat), and the presence of FoPL.

Explor Foods Foodomics. 2026;4:1010171 | https://doi.org/10.37349/eff.2026.1010171 Page 3



Products meeting these criteria were retrieved, and detailed information on ingredients, nutrition, and
labeling was recorded. Nutritional data were standardized to uniform units (e.g., per 100 g or mL), and food
categories and FoPL types were consistently coded to enable comparative analysis. To ensure data quality,
records were screened for completeness and consistency prior to analysis.

Nutritional information and quality

Nutritional information such as salt, saturated fat, total fat, and sugars per 100 g was obtained and
interpreted using the MTL labeling system categorizing each food nutrient component as low, medium, and
high. Tables 1 and 2 show the nutrient thresholds for FoPL UK’s MTL labeling per 100 g of food and
beverages [22, 23]. For dietary fiber, pre-packaged food products were categorized into four groups based
on fiber content per 100 g: high in dietary fiber (= 6 g), source of dietary fiber (3.0-5.9 g), low dietary fiber
(0.1-2.9 g), and no dietary fiber (0 g) [24-26]. Nutritional quality was determined using the Nutri-Score,
which is a rating system created by international research teams to assess the nutritional value of food
products. A Nutri-Score calculation evaluates the nutritional value of a product based on its ingredients and
assigns it to one of five color-coded letter grade classes: A, B, C, D, or E [21, 27].

Table 1. Nutrient thresholds for front-of-pack Multiple Traffic Light labelling (per 100 g of food) [22].

Nutrient Green (Low) Amber (Medium) Red (High)
Fat <3g >3gto<17.5¢g >17.59
Saturates <15g >15gto<5g >5¢
Sugars <5g¢g >5gto<225¢g >225¢g
Salt <03g >03gto<15g >15g

Adapted from [23]. © Department of Health & Food Standards Agency & devolved administrations in Scotland, Northern Ireland
and Wales & British Retail Consortium. Licensed under an Open Government Licence.

Table 2. Nutrient thresholds for front-of-pack Multiple Traffic Light labelling (per 100 g of beverages) [22].

Nutrient Green (Low) Amber (Medium) Red (High)
Fat <15¢g >159gto<8.75¢g >8.75¢
Saturates <0.75g >0.75gto<25¢g >25¢g
Sugars <25¢g >259gto<11.25¢g >11.25¢g
Salit <0.3g >0.3gto=<0.75¢g >0.75¢9

Adapted from [23]. © Department of Health & Food Standards Agency & devolved administrations in Scotland, Northern Ireland
and Wales & British Retail Consortium. Licensed under an Open Government Licence.

Degree of food processing

The degree of food processing was based on the NOVA classification. The NOVA system categorized food
into four groups: NOVA 1: “Unprocessed or minimally processed foods,” which include edible parts of plants
or animals taken directly from nature or minimally modified/preserved; NOVA 2: “Culinary ingredients,”
such as salt, oil, sugar, or starch, produced from NOVA 1 foods; NOVA 3: “Processed foods,” including items
like freshly baked bread, canned vegetables, or cured meats, created by combining NOVA 1 and NOVA 2
foods; NOVA 4: “Ultra-processed foods,” which are ready-to-eat industrially formulated products made
mostly or entirely from substances derived from foods and additives, with little if any intact group 1 food
[28, 29].

Statistical analysis

Each food item was categorized into its respective food group [30]. Descriptive statistics, including
frequencies and percentages, were used to summarize the distribution of food items according to the Nutri-
Score, NOVA classification, and the MTL labeling system. Cross-classification analyses were also performed
using frequencies and percentages to assess the alignment between these classification systems. To
evaluate the relationship between the Nutri-Score and NOVA classifications in discriminating nutrient
quality based on the MTL system, Spearman’s rank correlation coefficients were calculated. The Nutri-Score
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classification (A-E) was converted into an ordinal numeric scale (A=1,B=2,C=3,D =4, E = 5) prior to
analysis. A p-value of < 0.001 was considered statistically significant.

Results
Characteristics of pre-packaged food products included in the analysis

As of October 2024, the Open Food Facts (World) database contained 3,759,440 products. Using advanced
search filters, we identified 29,789 products marketed in Southeast Asian countries. Products that were not
marketed in Southeast Asia (3,729,651) were excluded, as well as 25,121 products that were duplicates or
contained incomplete information. After these exclusions, a total of 4,668 products remained for analysis,
representing foods from Southeast Asia with reliable nutritional and labeling information (Figure 1). To
address the handling of incomplete entries, only products with available data for the variable of interest
were included in each analysis. Nutri-Score information was available for 4,565 products, and these were
included in analyses involving Nutri-Score. Data on NOVA classification were not available for all products;
only 2,068 products had complete information for both Nutri-Score and NOVA classification. Moreover, the
final dataset comprised products available in eight of the eleven Southeast Asian countries included in the
search. Most products were recorded as available in Thailand (n = 3,014; 64.6%), followed by Singapore (n
=799; 17.1%), the Philippines (n = 281; 6.0%), Indonesia (n = 216; 4.6%), Malaysia (n = 147; 3.1%),
Vietnam (n = 98; 2.1%), Cambodia (n = 70; 1.5%), and Brunei (n = 43; 0.9%). This distribution reflects the
availability of products across countries in the database rather than their country of origin and should be
considered when interpreting the regional representativeness of the findings.

01

—I—I_% 1 _ 3 759440

Products from the Open Food Facts )
(World) October 2024 Exclusion of 3, 729,651

\ [ » products not marketed in
] P
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Products marketed in
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— |

l | to incomplete information

03
—|—|"_ 4,668

Products marketed in Southeast Asian
countries with reliable information
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Figure 1. Flow chart of the products included in the study.
The analysis of 4,668 food product items revealed that sweet products (cakes, biscuits, pastries and

chocolates) constituted the largest category, with 902 items accounting for 19.32% of the total. Beverages
followed with 810 items (17.35%), while milk and dairy products comprised 542 items (11.61%). Cereal
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Table 3. Relative contribution of ultra-processed food (UPF) groups (NOVA 4).

Food products NOVA 4 (UPF)
n %

Sweet 457 31.22
Beverage 324 22.13
Cereals 168 11.48
Milk and dairy products 115 7.86
Dish meal 135 9.22
Fruits, vegetables, and pulses 79 5.40
Meat, fish, seafood, and egg products 75 5.12
Condiments 62 4.23
Snacks 29 1.98
Meat substitute 9 0.61
Fats and oil 7 0.48
Supplement 4 0.27

Table 4. Relative contribution of Nutri-Score D and E.

Food products Nutri-Score D Nutri-Score E Total
n %

Sweet 317 394 711 29.99
Beverage 150 351 501 21.13
Snacks 187 141 328 13.83
Milk and dairy products 58 111 169 713
Cereals 117 46 163 6.87
Fruits, vegetables, and pulses 102 39 141 5.95
Meat, fish, seafood, and egg products 84 51 135 5.69
Dish meal 43 8 51 2.15
Milk substitute 11 2 13 0.55
Condiments 89 33 122 5.15
Fats and oil 11 15 26 1.10
Meat substitute 9 1 10 0.42
Supplement 0 1 1 0.04

products were represented by 497 items (10.65%), and fruits, vegetables, and pulses accounted for 397
items (8.50%). Snacks closely followed with 396 items (8.48%). There were 344 meat, fish, seafood, and
egg products (7.37%) and 256 dish meal items (5.48%). Milk substitutes made up 220 items (4.71%), and
condiments included 219 items (4.69%). The least represented categories were fats and oils with 44 items
(0.94%), meat substitutes with 33 items (0.71%), and supplements with just 8 items (0.17%). Figure 2
illustrates the distribution of food items by category.

EER0000CDOEDN

Sweet (19.32%)

Beverage (17.35%)

Milk and Dairy Products (11.61%)
Cereals (10.65%)

Fruits, Vegetables, and Pulses (8.5%)
Snacks (8.48%)

Meat, Fish, Seafood and EggProducts (7.37%)
Dish Meal (5.48%)

Milk Substitute (4.71%)

Condiments (4.69%)

Fats and Oil (0.94%)

Meat Substitute (0.71%)

Supplement (0.17%)

Figure 2. Distribution of food items by category.
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Characterization of pre-packaged food products according to Nutri-Score classification, NOVA food
classification and Multiple Traffic Light system

In the analysis of 4,565 products, based on the Nutri-Score classification, 14% of the products fall under
Nutri-Score A, 18% under Nutri-Score B, 16% under Nutri-Score C, 26% under Nutri-Score D, and the
remaining products 26% are classified as Nutri-Score E. In the analysis of 2,068 food products, 12% were
classified as NOVA 1 (unprocessed or minimally processed foods), 2% as NOVA 2 (processed culinary
ingredients), 15% as NOVA 3 (processed foods), and 71% as NOVA 4 (ultra-processed foods). Figure 3
shows the distribution of foods according to Nutri-Score (A-E) and NOVA classification groups (1-4).
Detailed summary of characterization of food products according to Nutri-Score classification and Nova
food classification can be found in Tables S1 and S2.

(a) (b)

: 0,
= Nutr!scoreA(14o/o) B Nova 1 (12%)
1 Nutriscore B (18%) ] Nova 2 (2°
1 Nutriscore C (16%) oveL 2 (o)

3 Nova 3 (15%)

= Nutriscore D (26%) Il Nova 4 (71%)

I Nutriscore E (26%)

Figure 3. Distribution of foods according to (a) Nutri-Score and (b) NOVA classification groups. Nutri-Score groups (A, B,
C, D, E). NOVA groups (1, 2, 3, 4).

The study also analyzes food products classified as NOVA 4 (UPFs) and exhibiting low nutritional
quality, as indicated by Nutri-Score grades D and E, to identify the major contributors within these
categories. Table 3 shows that sweet products (31.22%), beverages (22.13%) and cereal products (11.48%)
cover over half of the food products belonging to NOVA 4. On the other hand, Table 4 shows that sweet
products (29.99%), beverages (21.13%) and snacks (13.83%) cover over half of the food products
belonging to Nutri-Score D and E.

Figure 4 presents the distribution of food products based on their levels of nutrients: sugar, total fat,
salt, and saturated fat. Figure 4a displays the percentage of products according to sugar content levels. The
analysis revealed that beverages and sweet products had the highest proportion of items classified as high
in sugar content, defined in this study as containing > 22.5 g/100 mL for solid food and > 11.25 g/100 mL
liquid food like beverages. Figure 4b shows the percentage of products by salt content, highlighting that
beverages, cereals, and dish meals had a higher percentage of products falling into the high-salt category,
defined in this study as containing > 1.5 g/100 mL for solid food and > 0.75 g/100 mL liquid food like
beverages. This finding underscores the often-underestimated sodium content in processed and ready-to-
eat food products. Figure 4c illustrates the distribution by fat content, where sweets and snacks emerged as
the leading contributors to products with high total fat content, defined in this study as containing more
than 17.5 g of total fat per 100 g. Lastly, Figure 4d presents the distribution of food products based on
saturated fat content. Similar to total fat, sweets and snacks had the highest share of items with high
saturated fat content, defined in this study as containing more than 5 g of saturated fat per 100 g. A detailed

summary of characterization of food products according to the MTL system can be found in Tables S3 and
S4.

Explor Foods Foodomics. 2026;4:1010171 | https://doi.org/10.37349/eff.2026.1010171 Page 7



Sweet Products n= 893 B Low Sweet Products n= 894 B Low
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Fats and Oil n=42 Fats and Oil n=43
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Condiments n= 177
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Snacks n= 395
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Figure 4. Distribution of food products by nutrient content level, including (a) sugar, (b) salt, (c) total fat, and (d)
saturated fat, presented as percentages. The figure highlights the proportion of products within each nutrient category that fall
into low, medium, and high content levels.

Furthermore, the study also gathered information on the dietary fiber content of various food products.
A total of 4,243 food items across different food groups were analyzed. However, products from the meat
category and from fats and oils were excluded from the analysis, as these are not natural sources of dietary
fiber in a typical diet. Meat substitutes were retained, as they are commonly formulated from plant-based
ingredients. Figure 5 shows the distribution of foods according to their level of dietary fiber content. The
results showed that 2,270 products, or 54% of the total, contained no dietary fiber. This was followed by
1,325 products (31%) with low fiber content, 429 products (10%) that contained fiber, and only 219
products (5%) with high fiber content.

Bl No Fiber (54%)
[ Low Fiber (31)
[ Contain Fiber (10%)

B High Fiber (5%)

Figure 5. Distribution of foods according to the level of fiber content.

Figure 6 shows the distribution of food products according to fiber content, categorized as no fiber, low
fiber, contains fiber, and high fiber, presented as percentages. The figure shows that beverages had the
highest percentage of food items that belong to “no dietary fiber”. Furthermore, beverage products
exhibited the highest percentages of items classified as high in sugar and, unexpectedly, high in salt. A
detailed summary of characterization of food products according to dietary fiber content can be found in

Table S5.
Characteristics of ultra-processed food according to nutrients of concern

The distribution of UPFs based on their levels of key nutrients of concern, such as total sugar, salt, total fat,
and saturated fat shown in Figure 7. Regarding total sugar, the majority of UPFs fall into the low (40%, n =
729) and medium (42%, n = 762) categories, while only 17% (n = 313) are high in sugar. This suggests that
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Milk and Dairy Products n= 539
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1
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Figure 6. Distribution of food products according to fiber content, categorized as no fiber, low fiber, contains fiber, and
high fiber, presented as percentages. The figure illustrates the proportion of products within each fiber category, highlighting
the fiber presence across different food groups.
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Saturated Fat n=1785 3 Medium

B High

E
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1 1 1 1 1 1 I I I I 1
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% of UPF food products according to saturated fat, total fat, salt and sugar
content

Figure 7. Characteristics of ultra-processed food according to nutrients of concern.

while sugar content is a concern, a relatively small proportion of UPFs are extremely high in sugar. In terms
of salt content, a slightly different pattern emerges. Nearly half of UPFs (44%, n = 797) have low salt, but a
substantial proportion falls into the medium (31%, n= 560) and high (25%, n = 451) categories. This
indicates that a considerable number of UPFs have moderate to high levels of salt, which could be a notable
public health concern. Total fat content shows that almost half of UPFs (49%, n = 880) are classified as
medium, with 38% (n = 678) being low and 14% (n = 249) high. This suggests that while extreme fat
content is less common, a majority of UPFs have moderate fat levels. Finally, saturated fat follows a similar
trend. Nearly half of the foods (48%, n = 858) are low in saturated fat, while 32% (n = 567) fall into the
medium category and 20% (n = 360) are high. Although fewer foods are extremely high in saturated fat,
one-fifth of UPFs still exceed recommended levels, highlighting potential cardiovascular risks. Overall, it
reveals that most UPFs are in the low to medium range for nutrients of concern, but a significant proportion
still contain high levels of salt and saturated fat, with sugar and total fat being less frequently extreme. The
distribution of foods across low, medium, and high categories for each nutrient, including absolute numbers
and percentages, is shown in Table S6.
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Cross-classification using Nutri-Score and NOVA food classification of pre-packaged food products

The cross-classification between Nutri-Score and the NOVA food classification is presented in Table 5. The
distribution of food products across Nutri-Score categories and NOVA classification shows a notable trend
toward higher levels of processing in lower nutritional quality scores. In Nutri-Score A, which represents
the highest nutritional quality, 37.8% of the products are classified as NOVA 1 (unprocessed or minimally
processed), 14.63% fall into NOVA 3 (processed), and 47.56% are NOVA 4 (ultra-processed). For Nutri-
Score B, 70.42% of products are classified as NOVA 4, and 10.27% as NOVA 3, and only 19.32% belong to
NOVA 1. This highlights that even among products with the best Nutri-Score, nearly half are UPFs,
emphasizing the need to consider both nutritional value and degree of processing when assessing food
quality.

Table 5. Cross-frequency table between Nutri-Score and NOVA classification. Relative frequencies were calculated by row.

Nutri-Score NOVA 1 NOVA 2 NOVA 3 NOVA 4
A 124 (37.80%) 0 (0%) 48 (14.63%) 156 (47.56%)
B 79 (19.32%) 0 (0%) 42 (10.27%) 288 (70.42%)
C 24 (5.58%) 11 (2.56%) 89 (20.70%) 306 (71.16%)
D 11 (1.66%) 21 (3.18%) 85 (12.86%) 544 (82.30%)
E 15 (2.49%) 10 (1.66%) 56 (9.29%) 522 (86.57%)

NOVA 1: Unprocessed or minimally processed foods; NOVA 2: Culinary ingredients; NOVA 3: Processed foods; NOVA 4: Ultra-
processed foods.

The trend continues with Nutri-Score C, where 71.16% of products are NOVA 4, 20.70% NOVA 3,
2.56% NOVA 2, and 5.58% NOVA 1. For Nutri-Score D, 82.30% of products fall under NOVA 4, with smaller
proportions in NOVA 3 (12.86%), NOVA 2 (3.18%), and NOVA 1 (1.66%). Finally, in Nutri-Score E—the
lowest nutritional quality—86.57% of products are classified as NOVA 4, with 9.29% in NOVA 3, 1.66% in
NOVA 2, and 2.49% in NOVA 1. This progression underscores a trend linking poor nutritional quality and
higher levels of food processing. As Nutri-Score decreases from A to E, the prevalence of UPFs consistently
increases, while the share of unprocessed or minimally processed foods (NOVA 1) becomes nearly
negligible. These findings highlight that lower nutritional quality is typically accompanied by higher levels
of industrial processing, reinforcing the importance of assessing both the nutrient quality (Nutri-Score) and
the processing level (NOVA classification) when evaluating food products for healthfulness.

To further illustrate the relationship between Nutri-Score and NOVA food classification, Figure 8 shows
the ternary diagram inspired by the study of Romero Ferreiro et al. (2021) [20]. The analysis omitted NOVA
2 since it only accounts for 2% of the food products. Each circle (A, B, C, D, E) represents the average
position of that Nutri-Score group’s products in terms of NOVA classification. The closer a point is to a
corner (NOVA 1, 3, or 4), the greater the proportion of that Nutri-Score group in that NOVA category. As
Nutri-Score declines from A to E, the corresponding data points shift closer to the NOVA 4 vertex, indicating
an increasing proportion of UPFs. Notably, Nutri-Score A includes a substantial share of NOVA 1
(unprocessed or minimally processed) products but also a significant proportion of NOVA 4 (47.56%),
highlighting a discrepancy between nutritional quality and degree of processing. Nutri-Score E is positioned
nearest to the NOVA 4 apex, reflecting its composition of predominantly UPFs (86.57%). Intermediate
scores (B, C, D) demonstrate a gradual transition toward higher processing levels.

Nutri-Score vs NOVA food classification: ability to discriminate specific nutrients

The statistical correlation analysis of the relationships between nutrient categories and both Nutri-Score
and NOVA classifications is presented in Table 6. Nutri-Score demonstrated strong positive correlations
with saturated fat (r = 0.364, p < 0.001), sugar (r = 0.355, p < 0.001), fat (r=0.267, p < 0.001), and salt (r =
0.190, p < 0.001), while showing a significant negative correlation with fiber content (r = -0.175, p < 0.001).
These results are consistent with Nutri-Score’s design, which penalizes high levels of negative nutrients and
rewards positive components such as dietary fiber.
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Figure 8. Ternary diagram for cross-classification between Nutri-Score and NOVA classification.

Table 6. Correlation coefficients (R), t-values (T), and p-values between nutrient categories and Nutri-Score/NOVA
classification.

Nutrient category R (Nutri-Score) T p-value R (NOVA) T p-value
Fat 0.267 13.399 p <0.001* 0.085 4.152 p <0.001*
Saturated fat 0.364 18.888 p <0.001* 0.081 3.946 p <0.001*
Sugar 0.355 18.385 p <0.001* 0.149 7.305 p <0.001*
Salt 0.190 9.349 p <0.001* 0.138 6.749 p <0.001*
Dietary fiber -0.175 —-8.584 p <0.001* 0.084 4.074 p <0.001*
*: Significant.

In contrast, correlations with NOVA classification were generally weaker but statistically significant.
The highest correlations were observed with sugar (r= 0.149, p < 0.001) and salt (r= 0.138, p < 0.001),
followed by fat (r = 0.085, p < 0.001), fiber (r = 0.084, p < 0.001), and saturated fat (r= 0.081, p < 0.001),
reflecting its focus on the degree of food processing.

Discussion

The WHO endorsed the FoPL as an evidence-based public health intervention as an effective strategy to
prevent NCDs. However, despite demonstrated effectiveness globally, the most impactful types of FoPL
systems have not yet been widely implemented across Southeast Asia [18].

Our study analyzed the pre-packaged food products available in Southeast Asia’s food market based on
nutrition quality and degree of food processing. The study highlighted that the majority of products with
lower Nutri-Score ratings, particularly D and E, were also classified as UPFs (NOVA 4). These findings align
with previous research across various markets. Romero Ferreiro et al. (2021) [20] analyzed food products
in the Spanish market, Fedde et al. (2022) [12] examined products in German food retail, Angelino et al.
(2023) [31] focused on breakfast cereals in the Italian market, Sarda et al. (2024) [21] investigated the
French market, and Onifade et al. (2025) [32] studied pre-packaged foods in Senegalese supermarkets. All
of these studies reported a high prevalence of UPF with low nutritional quality.

Interestingly, the study by Valenzuela et al. (2022) [33] on Chile’s basic food basket found that many
products labeled with high Nutri-Score ratings (A and B) were still classified as UPF. This is also evident in

Explor Foods Foodomics. 2026;4:1010171 | https://doi.org/10.37349/eff.2026.1010171 Page 11



our study, where pre-packaged products with Nutri-Score A and B were found to be UPF. This highlights a
key limitation of the Nutri-Score system that nutritional quality alone may not fully reflect a food’s overall
healthfulness, especially when processing level is taken into account. In our study, nutrient-level analysis
showed that UPF products often moderate levels of nutrients of concern; a notable proportion still contains
high salt or saturated fat. Additionally, more than half of the analyzed products contained no dietary fiber,
with beverages particularly dominant in this category.

These differences are not coincidental; they reflect the theoretical underpinnings of each system. Nutri-
Score operates within the traditional nutrient-based paradigm, which assesses food based on individual
nutrients and beneficial components. It focuses on the nutritional profile per 100 g of product, aiming to
help consumers make quick, nutrient-informed choices [10, 34]. In contrast, the NOVA classification system
reflects a processing-based paradigm, viewing the degree of industrial processing as a separate and
independent determinant of food healthfulness [14, 35]. This includes factors such as the use of additives,
changes to food structure and the presence of cosmetic ingredients that make products palatable and shelf
stable. Thus, while food might be nutritionally adequate, it can still be classified as UPFs under NOVA,
explaining why these systems sometimes assign conflicting ratings [36, 37]. This was reflected in some of
the products analyzed in the study with a Nutri-Score A classification yet grouped under NOVA 4. For
example, a seeded multigrain cereal was classified as Nutri-Score A because of its relatively favorable
nutrient profile (295 kcal/100 g, medium fat, saturated fat, low sugar, low salt, and a source of fiber), yet it
was simultaneously classified as NOVA 4 due to its level of industrial processing. This example highlights
how Nutri-Score and NOVA capture different dimensions of food healthfulness.

While the nutrient profile of UPFs, typically high in added sugars, sodium, and saturated fats, is often
highlighted in public health discussions, emerging evidence suggests that additional components inherent
to processing may contribute to adverse health outcomes. UPFs commonly contain additives such as
emulsifiers, artificial sweeteners, flavor enhancers, and preservatives [38], which, although generally
recognized as safe, have been associated with alterations in gut microbiota, low-grade inflammation, and
metabolic disturbances in both animal and human studies [39]. Future research should investigate the
specific contribution of these additives within UPFs and their potential health implications.

Beyond intentional additives, UPFs often contain neo-formed compounds produced during high-
temperature processing, such as acrylamide and advanced glycation end products (AGEs) [40]. These
compounds are linked to oxidative stress, inflammation, and potential carcinogenicity. The widespread use
of refined starches and hydrogenated oils further exacerbates metabolic risk by promoting rapid glucose
absorption and increasing trans fat intake. Moreover, chemical contaminants from packaging materials,
including bisphenol A (BPA) and phthalates, may act as endocrine disruptors, contributing to long-term
metabolic and reproductive health concerns [41, 42]. The cumulative effect of these processing-related
components suggests that the health risks of UPFs extend beyond nutrient profile.

While these theoretical differences help explain the inconsistencies in how foods are classified, it is also
important to consider how these systems perform in specific cultural and regional contexts. Both
classification systems have limitations that affect their applicability in Southeast Asian contexts. Nutri-score
fails to account for portion sizes, sustainability considerations [43], and traditional food processing
methods common in Southeast Asian cuisines. Parallel to this, NOVA food classification faces challenges in
categorizing traditional fermented foods and culturally-specific processing techniques that may not align
with Western industrial processing standards. These gaps raise concerns about the appropriateness and
adaptability of global labeling systems when applied to diverse food environments, and they emphasize the
need for culturally sensitive adaptations or even complementary tools [44]. Additional research is needed
to evaluate the applicability of these classification systems to traditional and culturally specific foods
commonly consumed in the region. Notably, statistical correlations support these patterns; in our study,
Nutri-Score showed strong associations with key nutrients and NOVA classification aligning more closely
with the degree of processing. Together, these findings underscore the need for a combined approach using
both systems to accurately evaluate the health impact of food products.
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Nutrient profiling is a method used to classify foods based on their nutritional quality. This effective
approach integrates key nutritional factors—such as amount of sugar, fat, salt, the energy density, and
portion size [45, 46]. An unexpectedly high proportion of beverages were classified as “high salt” (> 1.5
g/100 g). This finding contrasts with common consumer perceptions that beverages contribute minimally
to salt intake. Such products may therefore constitute a less-recognized source of dietary sodium,
emphasizing the need for improved consumer awareness and closer monitoring of sodium levels in
beverage formulations. Studies from India have reported extremely wide variation in sodium content in
packaged beverages, with values ranging from 222 to 22,640 mg/100 g in some product categories [47].

However, nutrient profiling systems do not account for the degree of food processing, which is
captured by the NOVA classification system. NOVA classifies foods according to the extent and purpose of
industrial processing, providing an additional dimension of food quality that is not reflected in nutrient
composition alone [48]. Beyond classification systems, a growing body of epidemiological and experimental
evidence has examined UPF in relation to health outcomes. For example, an inpatient crossover trial by Hall
etal. (2019) [49] reported that diets high in UPF increased energy intake under controlled conditions, even
when nutrient composition was matched. Evidence from an umbrella review of epidemiological meta-
analyses highlights the health risks associated with high consumption of UPF. Specifically, greater exposure
to UPF has been associated with an increased risk of adverse health outcomes, particularly cardiometabolic
diseases, common mental disorders, and all-cause mortality [50].

For such strategies to be effective, consumers must be able to easily recognize UPF in the marketplace.
However, the implementation of dual FoPL systems in Southeast Asia faces unique challenges related to
consumer literacy, cultural food practices and regulatory frameworks. But given this WHO guidance that
countries should implement a single FoPL; however, countries like Malaysia, and Thailand have two FoPL
system [18].

Research indicates that interpretive labels show greater effectiveness across diverse socioeconomic
groups, with warning labels proving particularly effective in this context [51]. In Singapore, Nutri-Grade is
an interpretive FoPL system applied to both freshly prepared and pre-packaged beverages. It uses a four-
level grading scale, from Grade A to Grade D, based on the beverage’s sugar and saturated fat content [52].

While FoPL systems like Nutri-Score provide useful information on nutrient content, they may not fully
capture the health risks associated with food processing. Therefore, these systems should be
complemented by indicators that reflect the degree of processing, such as the NOVA classification, to offer
more comprehensive nutritional guidance. The lower nutritional quality of NOVA group 4 foods may at
least partially explain the observed associations between UPF consumption and increased risk of chronic
diseases. A classification system that incorporates both nutrient profile and processing level is critical to
empower consumers and support public health interventions.

As evidence and interest in the degree of food processing grow, there is an ongoing discussion on the
concern of including the processing level in dietary guidance [53, 54].

Given the significant healthcare costs associated with obesity and NCDs, it is critically important to
implement impactful FoPL systems. Obesity and diet-related NCDs—such as type 2 diabetes, cardiovascular
diseases, and certain cancers—impose a substantial economic burden on healthcare systems globally. A
well-designed FoPL system can serve as a low-cost, high-reach public health tool that informs consumer
choices at the point of purchase, nudging populations toward healthier dietary patterns [18].

This study provides valuable insights into the classification of pre-packaged foods, particularly in
relation to the pressing issue of the degree of food processing, as documented across different studies. The
study acknowledges the limitations of this classification system and notes the continuing debate about its
reliability and validity as a tool for guiding the public toward healthier dietary choices.

Impactful FoPL systems help bridge the gap between complex nutritional information and consumer
understanding, especially among populations with lower nutrition literacy [55, 56]. By providing clear,
interpretive cues—such as color coding or warning symbols—effective FoPL systems can discourage the
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consumption of products high in added sugars, saturated fats, and sodium, and ultimately reduce
population-level intake of unhealthy UPFs. In doing so, they contribute to the prevention of obesity and
NCDs, potentially lowering long-term healthcare costs and improving quality of life [57, 58]. The
implementation of FoPL and food classification systems may also be influenced by broader policy and
stakeholder considerations, including differing perspectives among regulators, public health organizations,
and the food industry. These factors may affect the adoption and harmonization of such systems across
countries and should be considered in future policy discussions.

Limitation of the study

This study has several limitations. The use of Open Food Facts may introduce selection bias, as data are
volunteer-entered and may overrepresent certain brands or product categories. The cross-sectional design
limits the ability to draw causal inferences about health outcomes. Nutrient values from Open Food Facts
were not validated against laboratory analyses or national food composition databases. Additionally, MTL
thresholds were derived from UK FSA guidelines and may not fully reflect Southeast Asian contexts;
currently, there is no harmonized or widely adopted MTL framework specific to Southeast Asia; therefore,
the UK FSA MTL criteria were used as a standardized reference for comparative nutrient profiling.
Furthermore, Nutri-Score categories (A-E) were converted into ordinal values for Spearman correlation
analyses. While this approach is appropriate for rank-based assessment, the categories do not necessarily
represent equal differences in nutritional quality, and therefore the resulting correlations should be
interpreted with caution.

The analyses were also subject to missing data. Although 4,668 products were included in the dataset,
only 2,068 products had complete information for both Nutri-Score and NOVA classification and were
included in the cross-classification analyses. If the missing data were not random, this may have introduced
bias into the observed associations. Finally, the generalizability of the findings may be limited, as Southeast
Asia is a diverse region; results may differ between higher-income settings such as Singapore and lower-
income contexts such as Myanmar, and no country-specific sub-analyses were conducted.

Conclusion

Our findings demonstrate that Nutri-Score and NOVA classification systems capture distinct but
complementary dimensions of food healthfulness in Southeast Asian markets. Specifically, Nutri-Score
shows strong correlations with sugar, saturated fat, and salt content, helping consumers identify nutrient-
dense options. NOVA, on the other hand, identifies processing-related health risks that are independent of
nutrient profiles, offering insight into structural and additive-related concerns. Notably, there are still
products with favorable Nutri-Scores (A or B) that were classified as UPF (NOVA 4)—a critical policy gap.
Our findings support further research into integrated FoPL that combine nutrient profiling and processing
indicators. Pilot testing of such dual labels in Southeast Asian consumer settings is warranted.

Policy implication

Based on these findings, Southeast Asian countries may consider exploring the development of FoPL
systems that integrate nutrient profiling with indicators of food processing to enhance interpretability and
usefulness for consumers. If such systems are further developed, several aspects may be relevant for
consideration, including: (1) broad and consistent coverage to minimize selective implementation; (2)
adaptation of classification approaches to better reflect regional dietary patterns and traditional foods; (3)
potential integration into digital and e-commerce environments to support wider accessibility; (4)
accompanying consumer education initiatives to improve understanding of both nutrient-based and
processing-based information; and (5) ongoing monitoring and evaluation to inform future refinement of
such systems.

However, limited regulatory capacity and potential industry opposition should be considered as
important constraints on implementation.
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Despite these strengths, current systems still lack sensitivity to portion sizes, sustainability metrics,
and culturally specific processing methods. Additionally, real-world implementation remains limited by low
labeling uptake, regulatory differences, and consumer literacy challenges.

Future direction

Given the well-documented adverse health effects associated with ultra-processed food consumption, there
is a need to continue exploring public health strategies that help consumers make informed food choices.
Emerging approaches, such as Nutri-Score V.2.0 [15], which combines information on nutrient profile and
degree of processing, may provide a more comprehensive assessment of food healthfulness. Evidence from
a randomized controlled trial suggests that this enhanced labeling system can positively influence
purchasing intentions and consumers’ perceptions of healthier products. Future research should evaluate
the applicability and effectiveness of such integrated labeling approaches within Southeast Asian food
environments and consumer populations.

Additionally, future research should explore algorithm modifications for traditional foods, and assess
behavioral and health outcomes in the context of policy interventions. By addressing both nutrient quality
and food processing, FOPL systems can more effectively guide consumer choices, improve dietary patterns,
and help reduce the burden of obesity and diet-related NCDs across Southeast Asia.
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