The SENS algorithm—a new nutrient profiling system for food labelling in Europe

Summary
This summary presents the SENS algorithm, a nutrient profiling system adapted from the French SAIN,LIM model to support simplified front‑of‑pack nutrition labelling across Europe. The SENS system preserves SAIN,LIM’s two‑score, non‑compensatory logic (a qualifying score and a disqualifying score) while introducing category specificity, fewer and better‑targeted nutrients, European reference intakes, and secondary thresholds to reduce edge effects. The authors describe the algorithm’s design steps, the mathematical formulation of the SAINSENS and LIMSENS scores, rules for food categorisation, and two pragmatic exceptions to the general ranking. They apply SENS to 1,065 foods from the French CIQUAL 2013 database and show that SENS discriminates foods both between and within food groups in ways that align with European dietary guidance: vegetables, fruits, fish, milk and unrefined starches rank higher, while discretionary and energy‑dense products concentrate in lower classes. The paper discusses strengths, limitations, data requirements, and implementation considerations for simplified labelling in Europe.

Background
Regulatory context and need
European Regulation (EU) No 1169/2011 allows simplified front‑of‑pack nutrition labelling but does not prescribe a single nutrient profiling model. A validated, transparent nutrient profiling system is therefore required to rank foods by nutritional quality and to underpin consumer‑facing labels. Existing models (e.g., FSA‑Ofcom, Health Star Rating, Traffic Light) either produce dichotomous outcomes or multiple nutrient indicators; each approach has trade‑offs in interpretability and potential consumer misuse.

Origins and rationale
The SAIN,LIM system (France, 2008) uses two independent scores: SAIN (nutrient adequacy per 100 kcal) and LIM (mean percentage of recommended maxima for nutrients to limit per 100 g). SAIN,LIM’s strengths are its grounding in official recommendations and its non‑compensatory structure (positive and negative scores are not netted). However, SAIN,LIM relied on French recommendations, included many nutrients, and produced edge effects across its four classes. The SENS project aimed to retain SAIN,LIM’s strengths while adapting it to EU requirements and making it operational for simplified labelling.


Materials and methods
Development process
The SENS algorithm was developed following WHO guidance for a stepwise, transparent process. A multi‑stakeholder group (scientific experts, retailers, industry representatives) iteratively adapted SAIN,LIM. Key design choices were guided by public‑health priorities (fruits and vegetables, saturated fat, sodium, fibre, unsaturated fats), the need for category specificity, and the requirement to use EU reference intakes (EU‑RIs) where available.
Main adaptations from SAIN,LIM
· Food categories and subcategories: Three main categories—Beverages, Added Fats, and Other Solid Foods. The latter is sub‑categorised into cereals, cheese, other dairy products, eggs, fish, and others based on ingredient proportion thresholds (>50% or >70% for cheese).
· Reduced and category‑specific nutrients: Fewer qualifying nutrients overall; category‑specific markers introduced (e.g., vitamin C and proportion of fruits/vegetables for beverages; ALA and MUFA for added fats; calcium for cheeses).
· Reference values: French recommendations replaced by EU‑RIs from Regulation EC 1169/2011; where EU‑RIs were absent, WHO, EFSA or FAO values were used (e.g., free sugars, ALA, MUFA). A pragmatic reference intake of 20 g fibre/day was chosen as an intermediate value.
· Secondary thresholds: In addition to primary thresholds inherited from SAIN,LIM (SAIN = 5; LIM = 7.5), secondary thresholds were introduced to order the four classes and limit edge effects.

Data and application
The algorithm was applied to 1,065 non‑alcoholic foods and beverages from the CIQUAL 2013 French composition database. Missing values (notably free sugars and fruit/vegetable proportions) were estimated using established methodologies and standard recipes. Foods were assigned to SENS classes and analysed by 26 food groups. Energy density (ED) and a previously published nutrient density score (NDS) were computed to validate SENS classifications.

The SENS algorithm
Overview
SENS assigns each food to one of four classes using two independent scores:
· SAINSENS — a qualifying score expressed as mean percentage adequacy of selected positive nutrients per 100 kcal, plus the proportion of fruits/vegetables (g/g) where relevant.
· LIMSENS — a disqualifying score expressed as mean percentage of maximal recommended values for selected negative nutrients per 100 g.
The algorithm follows three practical steps: (1) collect composition and ingredient information and categorise the food; (2) compute SAINSENS and LIMSENS using category‑specific formulas; (3) allocate the food to a class using primary and secondary thresholds and a small set of exception rules.
Food categorisation and ingredient rules
· Beverages: water and other beverages (excluding milk and plant‑based milks). For beverages, SAINSENS uses vitamin C and FV proportion; LIMSENS is multiplied by 2.5 to reflect the concentrated impact of disqualifying nutrients in beverages.
· Added Fats: visible fats added by consumers (oils, butter, mayonnaise). SAINSENS uses ALA and MUFA as qualifying nutrients.
· Other Solid Foods: all remaining foods, sub‑categorised when a single ingredient exceeds a threshold (e.g., cereals >50% → cereals subcategory). Subcategory‑specific nutrients and weighting factors are applied (e.g., fibres ×3 for cereals; proteins ×2 for eggs and fish; calcium weighted for cheese).
SAINSENS calculation
· Expressed per 100 kcal.
· Beverages: mean of proportion of FV (g/g) and % of EU‑RI for vitamin C (adjusted by FV proportion to avoid upgrading drinks with marginal FV).
· Added Fats: mean of % of recommended intakes for ALA and MUFA (FAO/EFSA references).
· Other Solid Foods: mean of proportion of FV, % EU‑RI for proteins, and % reference intake for fibres (20 g). Subcategory weights amplify nutrients important for that subcategory.
LIMSENS calculation
· Mean percentage of maximal recommended values per 100 g for sodium (2400 mg), saturated fatty acids (20 g) and free sugars (50 g).
· Free sugars (WHO definition) replace added sugars to avoid penalising nutrient‑dense foods that naturally contain sugars (e.g., milk, fruit).
· For beverages, LIMSENS is multiplied by 2.5 as in SAIN,LIM.
Thresholds and class allocation
· Primary thresholds: SAINSENS = 5 (100% adequacy per 2000 kcal reference) and LIMSENS = 7.5 (0% excess for average daily food weight).
· Secondary thresholds: SAINSENS secondary cut‑points at 2, 3.5, 7.5, 10, 15; LIMSENS secondary cut‑points at 10, 15, 35, 50. These were empirically tuned to order classes and reduce abrupt class jumps.
· Exceptions: 
· Non‑water beverages initially allocated to Class 1 are downgraded to Class 2.
· For Other Solid Foods, foods >400 kcal/100 g allocated to Class 1 are downgraded; foods with ED >500 kcal/100 g and sodium >200 mg/100 g allocated to Class 3 are downgraded to Class 4. These exceptions prevent energy‑dense products from being misclassified as healthy.

Results
Overall classification
· Of 1,065 CIQUAL items: Class 1 = 30.4% (n=323), Class 2 = 18.3% (n=196), Class 3 = 26.0% (n=277), Class 4 = 25.3% (n=269).
· Most food groups were spread across multiple classes: 10 groups covered all four classes, 9 groups covered three classes, 4 groups covered two classes, and 3 groups were confined to a single class (e.g., water, tea/coffee, diet‑sweetened beverages).


Group‑level patterns
· High‑ranking groups (majority in Class 1 or 2): fish, unrefined starches, vegetables (raw/cooked), fruits (fresh/processed), tofu/soya products, fruit juices, milk, yoghurt, tea/coffee, diet‑sweetened beverages.
· Mixed groups: meats were distributed across all classes (approx. 29% Class 1; 32% Class 4), reflecting heterogeneity in processing and composition.
· Low‑ranking groups: discretionary and energy‑dense foods (cakes, pastries, biscuits, sweets) concentrated in Class 4; many sweetened beverages also fell into lower classes.
Energy density and nutrient density validation
· Median energy density rose across classes: Class 1 median ≈ 71 kcal/100 g; Class 2 ≈ 123 kcal/100 g; Class 3 ≈ 250 kcal/100 g; Class 4 ≈ 355 kcal/100 g.
· Nutrient density score (NDS) decreased across classes: Class 1 median ≈ 12.4% adequacy/100 kcal; Class 2 ≈ 5.9%; Class 3 ≈ 4.4%; Class 4 ≈ 2.7%.
· Statistical comparisons showed significant trends: higher SENS class associated with higher ED and lower NDS, consistent with expectations that healthier foods are nutrient‑dense and lower in energy density.

Discussion and conclusion
Strengths
· Non‑compensatory dual‑score approach: SENS requires both high nutrient density and low levels of nutrients to limit; this prevents foods with low disqualifying nutrients but poor nutrient density from being classified as healthy.
· Category specificity: Introducing category‑specific nutrients and weighting improves discrimination within heterogeneous food groups (e.g., cheeses, cereals, added fats).
· Alignment with EU rules: Use of EU‑RIs and WHO/EFSA/FAO references where needed ensures regulatory compatibility.
· Operational refinements: Secondary thresholds and pragmatic exceptions reduce edge effects and prevent anomalous classifications of energy‑dense products.
· Empirical validation: Application to a large national composition database demonstrates that SENS classifications align with dietary guidance and correlate appropriately with ED and NDS.
Limitations and challenges
· Data requirements: SENS needs information not always present on labels or in composition tables (free sugars, fibre by a consistent assay, MUFA/ALA, proportion of fruits/vegetables). This limits immediate, universal applicability without supplementary data or industry cooperation.
· Edge effects remain: Although reduced, some foods near thresholds may still flip classes with small compositional changes.
· Choice of free sugars: Free sugars are not mandatory on EU labels; debate exists about using free versus added sugars. The authors note SENS can be updated if consensus shifts.
· Generic database constraints: CIQUAL is a generic composition database; classification of real commercial products may show greater within‑category dispersion (e.g., cheeses).
· Implementation complexity: Back‑office calculations are complex and require manufacturer or regulator capacity; however, consumer‑facing labels can remain simple.
Practical implications
SENS offers a transparent, nutrition‑sensitive framework suitable for front‑of‑pack simplified labelling in Europe. Its design balances scientific rigour and operational feasibility: it is adaptable (category weights, thresholds), grounded in public‑health priorities, and capable of guiding product reformulation by highlighting nutrients to increase or reduce. Successful implementation will require addressing data gaps, stakeholder training, and consumer testing of graphical representations.
Conclusion
The SENS algorithm retains the conceptual strengths of SAIN,LIM while making targeted adaptations to meet European regulatory and public‑health needs. It discriminates foods both between and within categories in ways consistent with dietary recommendations and shows appropriate associations with energy and nutrient density. With further work on data availability and consumer communication, SENS is a promising candidate to underpin simplified nutrition labelling across Europe.

