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Background: Food packaging includes labels with specific nutrient contents to provide consumers with nutritional information. Legislative actions and consumers’ growing interest in nutrition information have increased the disclosure of nutrition information. The study was planned to examine packaged snack foods carrying nutritional claims for nutrition labeling.

Methods: The selected packaged chips were divided into categories based on the primary ingredients mentioned on the nutrition label, such as cereal/pseudocereal-based, millet-based, vegetable-based, and pulses/legume-based chips. Four threshold levels, such as total sugar, sodium, total fat, and saturated fat, were used for categorization.

Results: Out of a total of 23 packaged chips, the corresponding 2, 7, 8, and 13 products had a higher content of sugar, saturated fat, sodium, and total fat than the threshold levels. A significant (p ≤ 0.01) difference was observed in the values of nutrients analyzed through laboratory methods in comparison with the values given on the nutrition label in the majority of the products.

Conclusion: The majority of the products belonged to national brands and differed from the nutrition-related information given on the product label in terms of the nutrient content claim.
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1 Introduction

Consumers prefer to consume flavorful and healthful food alternatives. Moreover, younger people prefer snacks, and India has one of the greatest proportions of younger people worldwide (1). Generally, processed foods enjoyed as snacks are those consumed in small-to-moderate portions between meals (1). These foods can be anything from highly processed, high-calorie products such as potato chips and baked products to less processed items such as nuts and dry fruits. The market has expanded due to the increased consumption of processed foods caused by sedentary lifestyles and demanding work schedules (2). Meanwhile, it has been anticipated that the worldwide snack market is expected to grow at a compound annual growth rate (CAGR) of 5.8% (1). In India, packaged snack food consumption continues to grow as a result of convenient choices, hygienic concerns, and rising purchasing power. This is evidenced by the expanding Indian Snacks Market, which is projected to grow at a compound annual growth rate (CAGR) of 13.2% between 2020 and 2026 (3). The market for snacks in India was valued at Rs 42,694.9 crore in 2023 and is expected to rise at a robust growth rate of 9.08 over the forecast period, reaching 95521.8 crore by 2032, out of which the overall market of salty snack foods in India is estimated to be worth Rs 2,500 crore. In just 13 years, the retail value of packaged junk food and soft drinks in India increased by 42.1 times, from US $0.9 billion in 2006 to over US $37.9 billion in 2019, and is still growing at a rapid rate (4).

Nutrient profiling methods (NPMs) are methodical techniques for grouping foods according to their ingredients, nutrient content, or other attributes (such as processing stages or essential versus optional meals). The underlying NPMs are crucial for front-of-package labeling systems because they determine whether goods are labeled with the warning label system and correctly classify products with high concentrations of nutrients of concern, such as sugar, salt, or saturated fat (5). Front-of-package labels (FOPLs) have two main objectives: to improve the nutritional quality of food purchases and to quickly and easily inform consumers about the nutritional quality of food. A secondary objective is to encourage reformulation in the food supply. In addition to giving consumers information on nutritional content, interpretive FOPLs are especially promising since they assist consumers in determining the healthfulness (or unhealthiness) of items and offer counsel (encouragement or discouragement) when making purchasing decisions (6).

When it comes to deterring consumers from buying foods high in nutrients of concern, warning labels may have the best evidence. Recent systematic assessments of experimental and quasi-experimental data have demonstrated that warnings can reduce the selection of unhealthy items by 26 to 36%. Recent research that concentrated on sugar discovered that the best way to increase consumers’ awareness of food’s high nutritional content was to utilize warnings. Evidence from Chile, the first nation to impose mandatory front-of-pack warnings, revealed that these labels assisted parents and kids in identifying harmful food and beverages and discouraging their consumption. They were also connected to a 24% drop in the purchase of unhealthy goods (7).

The World Health Organization (WHO) recommended in 2004 that one tactic to assist customers in choosing healthier food products is to provide them with nutrition labels. Food information, such as nutrition labeling, is more crucial than ever in packaged food products and aids customers in making knowledgeable decisions when buying packaged food items (8). A nutritional label is essentially a description meant to teach consumers about the nutritional qualities of food and help them choose foods that are likely to be balanced in terms of nutrients. The Ministry of Health and Family Welfare oversees the Food Safety and Standards (Packaging and Labeling) Regulations (2011) in India, which are carried out by the Food Safety and Standard Authority of India (FSSAI). The criteria for packaging and labeling packaged food products manufactured for commercial purposes are provided by this act to Indian food manufacturers, who must adhere to the specified guidelines (9).

Companies in the fast-moving consumer goods (FMCG) sector are aware that Gen-Z and Millennials represent significant consumers in the snack market. Majority of Indians encourage healthy snacks due to their features such as low calories, low fat, high fiber content, and protein-rich. Numerous leading Indian companies have created healthy but accessible snack products. The widespread view is that children’s consumption patterns, food preferences, and nutrition understanding are negatively affected by modern advertisements, which may eventually end up in harmful health outcomes such as obesity (10). Thus, nutrition-related claims may encourage customers, especially desk job doers and parents, to make healthier preferences. Any statement, suggestion, or inference that a food has specific nutritional qualities, such as energy value, protein, fat, carbohydrate content, or vitamin and mineral content, is referred to as a nutrition claim (11). However, the existence of a claim could make certain customers consider products with nutrition-related claims more favorably. It is critical to evaluate the nutritional composition of food to find out whether it is compliant. Therefore, the current research was undertaken to assess nutrient profiling of packaged snack foods available in the Indian market that make nutrition-related claims.



2 Materials and methods

The current study was carried out in Ludhiana City, Punjab. It is the most populous and the largest city in the Indian state of Punjab, with an estimated population of 1,618,879 as per the 2011 census. Ludhiana is also known as the industrial capital of the state, and it is home to several educational institutions and is a hub for business and trade.

Chips are marketed/advertised as a ‘cool’ munch, and they are also one of the most visible instant snack items among the fastest-moving packaged snacks at any grocery, supermarket, or department store. Therefore, the present study evaluated the nutrient profile of packaged chips.


2.1 Materials

The samples were procured from local supermarkets, discount, retail, and online stores. All sampled packaged chips were bought, and the packaging was retained. The experiments in this study were divided into two phases: categorization of packaged chips using the nutrient profile models (NPMs) and nutrient profiling of packaged chips for the evaluation of nutrient content claims.



2.2 Categorization of packaged chips using NPMs

The nutrients listed on the food labels of packaged chips with nutrition-related claims were considered. The samples were divided into categories based on the primary ingredients mentioned on the nutrition label, such as cereal/pseudocereal-based, millet-based, vegetable-based, and pulses/legume-based chips. The NPMs provided by the World Health Organization (WHO) were used to further categorize the selected packaged chips based on the threshold limits (12). Four threshold levels such as total sugar, sodium, total fat, and saturated fat were used for categorization (Table 1). The values of the above-mentioned components and total energy for percent energy calculations were taken from the product label.



TABLE 1 Threshold limits of sodium, total sugars, total fat, and saturated fat for the categorization of packaged snack foods.
[image: Table1]

For sugar threshold levels, a product is “excessively high” in sugars, if the calories from free sugars [free sugars (g) x 4] are more than or equal to 10% of the product’s total energy. The following formula was used to determine the sugar threshold levels:
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This value (X) should not be greater than 10% of total energy.

For sodium threshold levels, a product is considered high in sodium if the ratio of its sodium content (mg) to its energy content (Kcal) is above 1:1. The following formula was used to determine sodium threshold levels:
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This ratio (X) should not be greater than 1:1.

In terms of total fat threshold levels, a product is “extremely high” in total fats, if the calories from total fat [total fat (g) x 9] are more than or equal to 30% of the product’s total energy. The formula used to determine total fat threshold levels was:
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This value (X) should not be greater than 30% of total energy.

With regard to saturated fat threshold levels, a product is “oversaturated” in saturated fats, if the calories from saturated fat [saturated fat (g) x 9] are more than or equal to 10% of the product’s total energy. The following formula was used to determine saturated fat threshold levels:
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This value (X) should not be greater than 10% of total energy.



2.3 Type of nutrition-related claims present on packaged chips

The packaging of the selected packaged chips was examined for nutrition/health-related claims such as “protein rich,” “heart healthy,” “calcium rich,” and “good source of vitamins and minerals.” The number of claims was recorded and counted.



2.4 Nutrient content claims

The nutrients such as energy, carbohydrates, protein (13), fat (14), fatty acids (15), total sugars (16), fiber (13), dietary fiber (13), vitamin A (17), vitamin C (18), sodium, potassium (19), and iron and calcium (20) were determined in selected samples. By using the Kjeldahl method, crude protein (% total nitrogen x 6.25) was calculated. Fat was estimated by Soxhlet apparatus using 5 g of sample and petroleum ether as a solvent for extraction. Two grams of samples were burned for 5 h at 550° C in a muffle furnace to quantify the amount of ash present. After digesting 2 g of the fat-free sample with H2SO4 and NaOH, the residue was burned for 5 h at 550° C in a muffle furnace to produce crude fiber. Two grams of each sample were heated to a constant weight in a crucible inside an oven kept at 105° C to estimate the moisture content, and carbohydrate content was estimated by subtracting the total of all the proximates from 100 (100-moisture-crude protein-crude fat-crude fiber-ash).

For mineral content, the samples were first acid-digested and then further used for sodium, potassium, iron, and calcium estimation. A flame photometer was used for the estimation of sodium and potassium. AOAC (20) method was used for iron and calcium analyses. Estimation of vitamin C was conducted using standard procedures given in AOVC (18) (2,6-dichlorophenolindophenol dye solution method). For vitamin A analysis, hexane and acetone were used for the separation of the contents, and the reading was measured spectrophotometrically.

Fatty acid profiling was conducted by the formation of esters from the samples by the Appelqvist (15) method using the gas chromatography model. Total sugars were estimated using Dubois et al. (16) by Phenol sulphuric acid method. Using Megazyme-K-TDFR-200A, the samples’ soluble, insoluble, and total dietary fiber contents were examined in triplicate. The standard procedure provided by AOAC (13) was used to evaluate the amounts of soluble and insoluble dietary fibers.
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where: R1 = residue weight 1 from m1, R2 = residue weight 2 from m2, m1 = sample weight 1, m2 = sample weight 2, A = ash weight from R1, p = protein weight from R2 and
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where: BR = blank residue, BP = blank protein from BR1, and BA = blank ash from BR2.

The nutrients present in selected packaged chips were evaluated using standard procedures, and the results of the laboratory analysis were compared to the values given on the nutrition label in accordance with the Food Safety Standard Authority of India (FSSAI) regulations or any particularly stated nutrient on the product label (11) to determine the complacency of the packaged chips with the nutrition-related claims.



2.5 Statistical analysis

All the determinations were carried out in triplicate, and the results are given in mean ± standard deviation. The Student’s t-test was applied to compare the data regarding nutrient analysis using Statistical Package for the Social Sciences (SPSS) 26 software, and the level of significance was set at a p-value of < 0.01 and p-value of < 0.05.




3 Results and discussion

To assess nutrient claims, a total of 23 packaged chips from 9 different brands were purchased for this study. The nutrients provided on food labels of packaged chips having nutrition-related claims were noted. The NPMs were implemented to categorize packaged chips.


3.1 Categorization of the selected products using NPMs

The four threshold levels for total sugar, sodium, total fat, and saturated fat established in NPMs were used to categorize the selected packaged chips (Table 2).



TABLE 2 Categorization of the selected packaged products using the nutrient profiling model.
[image: Table2]

The analysis of sugar threshold levels of packaged chips revealed that barbeque beetroot chips (brand 6) had the highest sugar threshold level (148 Kcal). The black chana chips (brand 5) had 24 Kcal calories from sugar. Out of 23 products, 2 products had total sugar content higher than the suggested threshold limit. Out of the total, eight products had sodium content higher than the recommended threshold limit. According to the nutrition label, quinoa cheezopeno chips (brand 1) had the highest total fat threshold level, delivering 399 Kcal from total fat, followed by beetroot masala chips (brand 1), which provided 367 Kcal. A total of 13 products had total fat content above the threshold limit. The saturated fat threshold values for the beetroot masala chips, quinoa cheezopeno chips, and nachni jalapeno chips from brand 1 were 173, 153, and 139 Kcal, respectively. Among all, seven products showed saturated fat content above the permissible threshold limit.



3.2 Type of claims present on packaged chips

In this section of the study, the selected products were categorized as per the primary food ingredients mentioned on the nutrition label, such as cereal/pseudocereal-based chips, millet-based chips, vegetable-based chips, and pulses/legume-based chips. The selected products had 2–10 nutrient claims, while the range of health claims was 2–7.

In the present study, food products under the cereal/pseudocereal-based chip category exhibited 2–5 claims such as “protein rich,” “fiber rich,” “baked, not fried,” and “gluten free.” Millet-based chips had 3–6 types of claims such as “improves digestion,” “iron rich,” “cholesterol free,” and “low glycemic index (GI).” The nutrition label of vegetable-based chips showed 4–10 claims such as “vacuum fried,” “boosts energy levels,” “50 percent less oil than regular chips,” and “vegan friendly.” The pulses/legume-based chip category had 3–6 claims such as “low calorie,” “high content of complex carbohydrates and fibre,” and “rich in vitamin A.”



3.3 Nutrient content claims

The present research reported that the energy, total fat, dietary fiber, and sodium contents of 70, 57, 80, and 75% of the cereal/pseudocereal-based chips were significantly (p ≤ 0.01) lower than the values listed on the nutrition label (Table 3). In 28% of the products examined in the laboratory, higher protein levels were observed. The sugar content of 50% of the products that underwent laboratory examination was significantly (p ≤ 0.01) less than what was stated on the nutrition label. In comparison with the values stated on the nutrition label, the calorie, carbohydrate, and saturated fatty acid (SFA) contents of 66, 50, and 33% of the millet-based chips were significantly (p ≤ 0.01) higher (Table 4). Furthermore, a high level of protein was found in 33% of the products tested in the laboratory. In total, 50 and 83% of the millet-based chips had lower total fat and dietary fiber contents, respectively, than the values listed on the nutrition label. Fifty percent of the products that were subjected to laboratory analysis had significantly (p ≤ 0.01) lower monounsaturated fatty acid (MUFA) and polyunsaturated fatty acid (PUFA) contents than the amounts indicated on the nutrition label.



TABLE 3 Nutrient profiling of packaged cereal/pseudocereal-based chips.
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TABLE 4 Nutrient profiling of packaged millet-based chips.
[image: Table4]

In vegetable-based chips, 60% of the laboratory analyzed products had significantly (p ≤ 0.01) higher SFA contents than the values listed on the nutrition label. Forty percent of the products examined in the laboratory showed significantly (p ≤ 0.01) higher protein contents (Table 5). Compared to the figures given on the nutrition label, 40 and 60% of the products had significantly (p ≤ 0.01) lower total fat and dietary fiber contents. Eighty percent of all the products evaluated in the laboratory had significantly (p ≤ 0.01) lower sugar content than the values displayed on the nutrition label. Among minerals, 20% of the products had significantly (p ≤ 0.01) higher sodium and potassium contents in laboratory analysis than the figures indicated on the nutrition label. Furthermore, the laboratory investigation revealed that 80 and 20% of the chips made from pulses/legumes had significantly (p ≤ 0.01) higher calorie and protein contents than the figures listed on the nutrition label (Table 6). Compared to the nutrition labels of the other four products in this category, the total fat content of just one laboratory-examined product was significantly (p ≤ 0.01) lower. Out of all the products examined in the laboratory, 60% of products had significantly (p ≤ 0.01) less carbohydrates.



TABLE 5 Nutrient profiling of packaged vegetable-based chips.
[image: Table5]



TABLE 6 Nutrient profiling of packaged pulses/legume-based chips.
[image: Table6]




4 Discussion

This study provides an overview of the nutritional profiles of packaged snack foods that are sold in India and makes claims about their nutrition. Nutrient claims in particular can help consumers make confident decisions when choosing any kind of food. Any statement, suggestion, or inference that a food has specific nutritional qualities, such as energy value, protein, fat, carbohydrate content, or vitamin and mineral content, is referred to as a “nutrient claim” (21).

In this study, the nutrients listed on the labels of bagged chips that made claims about their nutrition were observed and were further categorized into four threshold levels as per NPMs. As per the WHO’s NPMs, a product is referred to be too high in sodium if its sodium-to-energy ratio is greater than 1:1 (12). In an earlier study, the nutrition labels of 5,008 pre-packaged food products showed that 44% of the products had excessive sodium levels (22). Similarly, out of 10,487 Canadian packaged food goods from 60 subcategories, food products from 59 categories had higher sugar content according to the nutrition label than those with the Front-of-Pack (FOP) mark (23). Moreover, Rincon-Gallardo Patino et al. (24) found that 2,544 food and non-alcoholic beverage commercials were broadcast for 275 food goods. Further a study examined 899 packaged food products, as per the nutrition label, 318 products (35%) were high in saturated fats (25).

Any representation that asserts, indicates, or suggests that a food possesses specific nutritional qualities, including but not limited to the energy value, the quantity of protein, fat, and carbs, as well as the presence of vitamins and minerals, is referred to as a nutrient claim (11). These claims may include information regarding vitamins, minerals, fiber, protein, or certain dietary components such as low fat, decreased sugar, high fiber, or an excellent source of a specific nutrient. One previous study reported that out of 2,034 packaged food and drinks, 295 had health claims, 64% had nutrition claims, and 6% had ingredient claims related to health (26). Earlier studies reported that fat-related claims (18.3%) and vitamin/mineral-related claims (15.4%) made up the largest percentage of nutrition content claims, followed by claims about calcium (11.5%) and sugar (11%) (27). In a study conducted by Duran et al. (28) from a total of 11,434 packaged foods and drinks, environmental claims, nutrition claims, and health claims were depicted in 5.2, 28.5, and 22.1% of food products, respectively. Furthermore, Pongutta et al. (29) collected data from 7,205 food products belonging to five major classes. Out of those, 1,487 products (20.6%) carried claims related to health. Similarly, Mayhew et al. (30) found that 737 packaged food products had two marketing methods and one health or nutrition claim on average. Among all, nutrition labels were found on 86% of packaged food products, followed by nutrition or health claims on 30% and specific marketing strategies on 87% of the products.

Nutrition-related claims may help parents, desk job doers, and other consumers to make healthier choices. Any representation that asserts, indicates, or suggests that food possesses specific nutritional qualities, including but not limited to the energy value, the quantity of protein, fat, and carbohydrate, as well as the presence of vitamins and minerals, is referred to as a nutrition claim (11). In contrast, one recent study examined 1,153 food products from 14 stores and documented that items with health or nutritional claims had significantly (p ≤ 0.01) lower levels of sugar (9.67 g/100 g), fat (9.2 g/100 g), saturated fat (3.2 g/100 g), and salt (371.36 mg/100 g) (31). Similarly, a study conducted in 2016 in Sydney, Australia, claimed that 34% of the products with nutrient claims did not meet their nutrient profiling criteria (32). Martinez-Perez and Arroyo-Izaga (33) examined the nutritional profile of 3,894 packaged food products and found that 48.6% of the products met the poor nutritional quality (LNQ) classification. Another research executed in Brazil from April to July 2017 examined 775 packaged food products made of grains. The findings indicated that the claims of “whole grains” were made by 19% of the evaluated products; of these, 35% did not include any whole grains among the top three components (32). Earlier, a study stated that from a total of 156 food products evaluated for children, 62.2% (n = 97) met the Food Standards Australia New Zealand nutrient profile assessment criteria, making them “less healthy.” The alternative core food grouping approach yielded a classification of “less healthy” for 66.7% (n = 104) of the products surveyed (34).

Consumers may be misled by claims believing that these goods are healthier than those without them, even if they may contain more of one or more essential nutrients.


4.1 Limitations and future research

The nutrient profiling model for the categorization of packaged snack foods in the context of the Indian population needs to be framed. Data on the consumption of packaged foods were limited in the context of India. So, further studies need to be conducted to assess the daily consumption of packaged snack foods with and without nutrition/health-related claims. Since wealthier people tend to allocate their food expenditure differently than poorer people, another promising way would be to analyze how trends and levels of processed food purchases differ across socioeconomic classes and other demographic characteristics. Finally, it is critical to look into the sociodemographic traits, purchasing patterns, and potential connections to dietary and health outcomes of subpopulations of regular packaged and processed food users.




5 Conclusion

The present research concluded that all the selected products belonged to one international and eight national brands. All the products had one of the nutrients, such as sugar, fat, sodium, or saturated fat, above the threshold limits. In the majority of the products, nutrient content analyzed through laboratory methods differed from the values given on the nutrition label. So, there is a need to frame a nutrient profiling model for the categorization of packaged snack foods in the context of the Indian population with the purpose of monitoring healthy packaged snack foods available in the market.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

AB: Formal analysis, Writing – original draft. MC: Conceptualization, Writing – original draft, Writing – review & editing. VK: Methodology, Writing – review & editing. VS: Methodology, Writing – review & editing. PK: Formal analysis, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Jones, A, Dunford, E, Crossley, R, Thout, SR, Rayner, M, and Neal, B. An evaluation of the healthiness of the Indian packaged food and beverage supply. Nutrients. (2017) 9:1–11. doi: 10.3390/nu9101103 

 2. Moodie, R, Stuckler, D, Monteiro, C, Sheron, N, Neal, B, Thamarangsi, T , et al. Profits and pandemics: prevention of harmful effects of tobacco, alcohol, and ultra-processed food and drink industries. Lancet. (2013) 381:670–9. doi: 10.1016/S0140-6736(12)62089-3 

 3. India Brand Equity Foundation. Indian food industry, food processing industry in India. (2017). Available at: https://www.ibef.org/pages/indian-food-industry (Accessed May 20, 2017).

 4. Pandav, C, Smith Taillie, L, Miles, DR, Hollingsworth, BA, and Popkin, BM. The WHO South-East Asia region nutrient profile model is quite appropriate for India: an exploration of 31,516 food products. Nutrients. (2021) 13:2799. doi: 10.3390/nu13082799 

 5. Shekar, M, and Popkin, BM. Obesity: Health and economic consequences of an impending global challenge. Washington, DC: The World Bank (2020).

 6. Roberto, CA, Ng, SW, Ganderats-Fuentes, M, Hammond, D, Barquera, S, Jauregui, A , et al. The influence of front-of-package nutrition labelling on consumer behavior and product reformulation. Annu Rev Nutr. (2021) 41:529–50. doi: 10.1146/annurev-nutr-111120-094932 

 7. Singh, SK, Taillie, LS, Gupta, A, Bercholz, M, Popkin, B, and Murukutla, N. Front-of-package labels on unhealthy packaged foods in India: evidence from a randomized field experiment. Nutrients. (2022) 14:3128. doi: 10.3390/nu14153128 

 8. FAO Food safety. (2020). Available at: https://www.who.int/newsroom/fact-sheets/detail/food-safety (Accessed date December 20, 2014).

 9. Shamim, K, Khan, SA, and Ahmad, S. Consumers' understanding of nutrition labels for ultra-processed food products. J Pub Aff. (2022) 22:398. doi: 10.1002/pa.2398

 10. Ng, M, Fleming, T, Robinson, M, Thomson, B, Graetz, N, Margono, C , et al. Global, regional, and national prevalence of overweight and obesity in children and adults during 1980–2013: a systematic analysis for the global burden of disease study 2013. Lancet. (2014) 384:766–81. doi: 10.1016/S0140-6736(14)60460-8 

 11. FSSAI. Food safety and standards (advertising and claims) regulations. New Delhi: Government of India Press (2018).

 12. World Health Organisation. WHO nutrient profile model for South-East Asia region. New Delhi: Regional Office for South-East Asia (2017).

 13. AOAC. Official methods of analysis of AOAC Intl. 16th ed. Washington, DC: Association of Official Analytical Chemists (2000).

 14. Forch, J, Lees, M, and Solane Stanley, GH. A simple method for the isolation and purification of total lipids from animal tissues. J Biol Chem. (1957) 226:497–509. doi: 10.1016/S0021-9258(18)64849-5

 15. Appelqvist, LÅ. Lipids in cruciferae: I. Fatty acid composition in seeds of some Svalöf varieties and strains of rape, turnip rape, white mustard and false flax. Acta Agric Scand - B Soil Plant Sci. (1968) 18:3–21. doi: 10.1080/00015126809435004

 16. DuBois, M, Gilles, KA, Hamilton, JK, Rebers, PT, and Smith, F. Colorimetric method for determination of sugars and related substances. Anal Chem. (1956) 28:350–6. doi: 10.1021/ac60111a017

 17. Nagata, M, and Yamashita, I. Simple method for simultaneous determination of chlorophyll and carotenoids in tomato fruit. Nippon Shokuhin Kogyo Gakkaishi. (1992) 39:925–8. doi: 10.3136/nskkk1962.39.925

 18. AOVC. Methods of vitamin assay. New York: Interscience Publishers (1996).

 19. Chapman, HD, and Pratt, PF. Methods of analysis for soils, plants and waters. Div Agric Sci. (1962) 93:68. doi: 10.1097/00010694-196201000-00015

 20. AOAC. Official methods of analysis of AOAC Intl. 13th ed. Washington, DC: Association of Official Analytical Chemists (1980).

 21. Randell, AW, and Whitehead, AJ. Codex Alimentarius: food quality and safety standards for international trade. Rev Sci Tech. (1997) 16:313–21. doi: 10.20506/rst.16.2.1019 

 22. Hall, P, Kerr, K, Brown, AG, and Soares-Wynter, S. Sodium levels in pre-packaged foods and beverages sold in Jamaica: a label analysis. JNHFS. (2022) 10:1–08. doi: 10.15226/jnhfs.2022.001188

 23. Emrich, TE, Qi, Y, Cohen, JE, Lou, WY, and L'Abbe, ML. Front-of-pack symbols are not a reliable indicator of products with healthier nutrient profiles. Appetite. (2015) 84:148–53. doi: 10.1016/j.appet.2014.09.017

 24. Rincon-Gallardo Patino, S, Tolentino-Mayo, L, Flores Monterrubio, EA, Harris, JL, Vandevijvere, S, Rivera, JA , et al. Nutritional quality of foods and non-alcoholic beverages advertised on Mexican television according to three nutrient profile models. BMC Public Health. (2016) 16:733–11. doi: 10.1186/s12889-016-3298-0 

 25. Samuel, L, Basch, CH, Ethan, D, Hammond, R, and Chiazzese, K. An analysis of sodium, total fat and saturated fat contents of packaged food products advertised in Bronx-based supermarket circulars. J Community Health. (2014) 39:775–82. doi: 10.1007/s10900-014-9829-7 

 26. Hieke, S, Kuljanic, N, Pravst, I, Miklavec, K, Kaur, A, Brown, KA , et al. Prevalence of nutrition and health-related claims on pre-packaged foods: a five-country study in Europe. Nutrients. (2016) 8:1–16. doi: 10.3390/nu8030137 

 27. Lwin, MO, Vijaykumar, S, and Chao, J. “Natural” and “fresh”: an analysis of food label claims in internationally packaged foods in Singapore. J Food Prod. (2015) 21:588–607. doi: 10.1080/10454446.2014.1000450

 28. Duran, AC, Ricardo, CZ, Mais, LA, Martins, APB, and Taillie, LS. Conflicting messages on food and beverage packages: front-of-package nutritional labelling, health and nutrition claims in Brazil. Nutrients. (2019) 11:1–16. doi: 10.3390/nu11122967 

 29. Pongutta, S, Chongwatpol, P, Tantayapirak, P, and Vandevijvere, S. Declaration of nutrition information on and nutritional quality of Thai ready-to-eat packaged food products. Public Health Nutr. (2018) 21:1409–17. doi: 10.1017/S1368980017003792 

 30. Mayhew, AJ, Lock, K, Kelishadi, R, Swaminathan, S, Marcilio, CS, Iqbal, R , et al. Nutrition labelling, marketing techniques, nutrition claims and health claims on chip and biscuit packages from sixteen countries. Public Health Nutr. (2016) 19:998–1007. doi: 10.1017/S1368980015000658 

 31. Almughthim, AM, and Jradi, HA. Nutritional quality of prepackaged foods carrying health or nutritional claims in KSA. JTUMED. (2023) 18:587–94. doi: 10.1016/j.jtumed.2022.12.001 

 32. Meloncelli, NJ, Pelly, FE, and Cooper, SL. Nutritional quality of a selection of children’s packaged food available in Australia. Nutr Diet. (2016) 73:88–94. doi: 10.1111/1747-0080.12231

 33. Martinez-Perez, N, and Arroyo-Izaga, M. Availability, nutritional profile and processing level of food products sold in vending machines in a Spanish public university. Int J Environ Res Public Health. (2021) 18:1–16. doi: 10.3390/ijerph18136842 

 34. Andrade, G, Mais, LA, Ricardo, C, Duran, AC, and Martins, AP. Nutritional profile and the use “whole grains” claims in packaged food in Brazil. Res Sq. (2021) 52:1–13. doi: 10.21203/rs.3.rs-200460/v1


Copyright
 © 2024 Bhatnagar, Choudhary, Kumar, Singh and Kaur. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Nutrient profiling assessment of packaged snack foods with nutrition-related claims available on the Indian market



		1 Introduction



		2 Materials and methods



		2.1 Materials



		2.2 Categorization of packaged chips using NPMs



		2.3 Type of nutrition-related claims present on packaged chips



		2.4 Nutrient content claims



		2.5 Statistical analysis









		3 Results and discussion



		3.1 Categorization of the selected products using NPMs



		3.2 Type of claims present on packaged chips



		3.3 Nutrient content claims









		4 Discussion



		4.1 Limitations and future research









		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fnut-11-1425354-t006.jpg
Product Nutrients Nutrition label Laboratory t-value

name on packaging analysis
Soya chips (Brand | Energy (Kcal) 436 50204 <0001+ 294.48 83.66 40133
3 Protein (g) 96 6101 <0001+ —1228 ~57.67 ~1194
Total fat (g) 168 226004 <0001+ 2238 63.17 303,07
SFA (g) 59 52201 <0001% 6691 18.96 91.22
MUFAs (g) 56 1052004 <0001# 353,67 100.48 48199
PUFAs (g) 22 69005 <0001+ 168.23 4778 22028
Carbohydrate (g) 641 684501 <0001+ 5405 1530 7370
Fiber (g) 45 0101 <0001+ ~75254 ~1025.56 -21382
Sugar () 4 194002 <0001% ~164.46 -22414 4671
Calcium (mg) 7.1 1622204 <0001% 69.18 19.61 9431
Tron (mg) 42 25:001 <0001# —21154 ~288.29 ~6009
Sodium (mg) 1131 3903125 <0001+ -517.65 ~705.46 ~147.08
Vitamin C (mg) 421 17417 <0001+ 2615 -3572 -732
Black chana chips | Energy (Keal) 210 52713 <0001+ 0824 11599 55636
(Brand 5) Protein (g) 107 02002 <0001+ ~77038 —1049.87 —218.89
Total fat (g) 38 321402 <0001+ 288,68 8201 39342
Carbohydrate (g) 35 593403 <0001+ 168.30 47.80 22038
Sugar (g) 6 144005 <0001+ —147.55 ~201.09 —41.90
Soya pudina chips | Energy (Keal) 510 52217 <0001+ 1199 316 1650
(Brand 5) Protein (g) 79 89402 <0.001%* 9.63 244 1333
Total fat (g) 264 281502 <0001+ 1199 316 1651
Carbohydrate (g) 60.1 5824007 <0001+ —45.88 ~6257 —1297
Sugar (g) 156 114001 <0001+ -5245 7152 ~1485
Chatpata rajma | Energy (Keal) 340 471208 <0001+ 298.35 8476 406.60
chips (Brand 5) Protein (g) 2 99£0.1 <0.001%% ~196.49 -267.79 -55.81
Total fat (5) 2 212007 <0.001% 45258 12859 61678
Carbohydrate (g) 61 607007 <0001+ -696 -977 ~158
Sugar (g) 22 L1201 <0001+ -15.73 -2156 -428
Moong dal chips | Energy (Kcal) 650 501£0.1 <0001+ ~2064.17 ~2813.05 ~586.51
(Brand 5) Protein (g) 248 129402 <0.001%% 100.46 136.93 2851
Total fat () 45 253004 <0001+ ~33991 ~463.23 -9657
Carbohydrate (g) 607 552403 <0001+ -30.15 —4L15 -847
Fiber (g) 83 0120 <0001+ 146468 ~1996.06 -41617

Values are mean+ SD (1 =3), saturated fatty acids (SFAS), monounsaturated faty acids (MUFAS), polyunsaturated fatty acids (PUFAS), **significant at 1% level ofsignificance.
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Beetroot masala  Energy (Keal) 575 486£19 <0001+ -8201 -111.78 -2326
chips (Brand 1) Protein (g) 7.1 31506 <0.001%% 1486 102 2039
Total fat (g) 08 246501 <0001+ -187.25 -255.2 ~53.191
SFA () 192 10402 <0001+ 5955 1687 812
MUFASs (g) 165 1072003 <0001+ 30212 8583 41173
PUFAs (g) 46 32409 <0001+ 93,81 2662 127.87
Carbohydrates (g) 448 539405 <0001+ 30.84 867 421
Dietary fiber () 45 05002 <0001+ -270.09 ~368.09 ~7673
Sugar (g) 7 4602 <0001+ -1837 ~25.144 ~5.06
Calcium (mg) 80 763£03 <0001+ -2569 -35.09 -718
Tron (mg) 2 29+004 <0001+ 29.46 827 4022
Potassium (mg) 400 541217 <0001+ 14357 4077 195.67
Sodium (mg) 695 4856+15 <0001+ -214.78 ~333.60 ~69.54
Vitamin C (mg) 26 2509 <0001+ 3528 994 48.14
Vitamin A (ug) 45 23501 <0001+ ~63115 ~860.13 ~17933
Beetroot chips Energy (Kcal) 408 50206 <0001+ 268.76 7635 36627
(Brand 5) Protein (g) 48 55404 051 276 —0.007 438
Total fat (g) 176 261501 <0001+ 177.27 5035 24159
Carbohydrate (g) 56 615504 <0001+ 224 618 304
Dietary fiber (g) 254 04200 <0001+ ~7203.88 0 ~20469
Barbeque beetroot  Energy (Keal) 464 353422 <0001+ 8695 -11852 -2167
chips (Brand 6) Protein (g) 125 98403 <0.001%% -1827 -25.01 503
Total fat (g) 17.7 3224002 <0001+ 86837 24673 N84z
Carbohydrate (g) 67 6106 <0001+ ~166.29 -22664 —4723
Sugar () 369 27504 <0001+ ~53.40 -7281 ~1501
Popped potato Energy (Kcal) 440 432505 <0001+ -2995 ~4088 -841
chips (Brand 8) Protein (g) 72 040,02 <0.001%% ~534.36 72824 ~151.83
Total fat (g) 1 121201 <0001+ -2493 -34.06 -696
SFA () 32 284005 <0001+ 136.19 3867 185.62
Carbohydrate (g) 672 804502 <0001+ 105.46 2093 14374
Sugar () 24 204005 <0001+ -1272 ~17.49 -338
Sodium (mg) 9612 377219 <0001+ ~523.84 ~71390 —148.84
Purple sweet Energy (Kcal) 483 490£09 <0001+ 1233 327 1697
potato chips Protein (g) 216 31501 <0001+ 15.41 419 2113
(Brand) Total fat (g) 128 27502 <0001+ 8158 2399 11529
SFA (g) 92 10120.1 <0001+ 149.77 4253 20413
Unsaturated fat (g) 36 12620.1 <0001+ 122627 34843 167116
Carbohydrate (g) 78 682502 <0001+ 9626 ~13121 -2732
Dietary fiber (g) 175 127005 <0001+ ~149.94 ~20435 —4258
Sugar (g) 6 161202 <0001+ 8997 2553 12264
Sodium (mg) 21 53517 <0001+ 31951 9077 3543

Values are mean £ SD (1 =3), saturated fatty acids (SFAS), monounsaturated fattyacids (MUFAS), polyunsaturated fatty acids (PUFAS), **significant at 1% level of significance, NS—no.
significant difference.
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onion) (Brand 2)
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Values are mean £ SD (1 =3), saturated fatty acids (SFAS), monounsaturated faty acids (MUFAS), polyunsaturated fatty acids (PUFAS), **significant at 1% level of significance, *significant at
5% level of significance, NS—no significant difference.
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Product name ~ Nutrients Nutrition label Laboratory p-value

on packaging analysis
Quinoa cheezopeno  Energy (Keal) 59 66216 <o001e* 139,46 19377 1037
el (Bramdl) Protein (g) 86 1206 0002% 7554 177 1055
Total fat (g) 3 22103 <0001+* 13581 18510 3856
SEA(®) 17 91503 <0001+* 652 1321 @6
MUEAS (g) 156 99:02 <o001e* 10860 3083 11802
PURAS (g) 106 312003 <0001+* EIE 91.29 45790
Carbohydrates (8) 206 s53x1 <o001e* 2743 768 3745
Ditary fiber (g) 106 0210 <0001+* w7057 608990 127027
Sugar () 21 164006 <o001°* 1263 1737 335
Calcium (mg) 11 87203 <0001+ 39933 4422 11346
ron (mg) 31 2850 <o001e* 6921 9136 1962
Potassium (mg) 0 986123 <0001+ 1503 1273 oLi2
Sodium (mg) 585 1207411 <o001e* 2866 33889 7061
Vitamin C (mg) a4 19215 <0001+ 1701 1663 230
Vitamin A (ug) i 128402 <0001+ 44829 61093 -12737
Oatschips (Brand ) Energy (Kaal) s17 sisxLl oour 250 55 005
Protein (g) 71 564015 <0001+ 1745 -39 179
“Total fat (g) 266 273102 0o02¢ 769 15 1074
Carbohydrate (g) 23 61803 0016 397 587 050
Sugar (8) o8 132004 <o001e* s 12671 8895
Brown rice biryani Energy (Keal) 2010 533203 <0001++ 3817 o 211326
chips (Brand S Total fat (g) 23 299402 <o001e* s188 82 el
Carbohydrate (g) 07 61203 0139% 181 044 33
Fiber (g) 5 0 0 o o 0
Paprika popped chips | Energy (Kaal) s 5215 <0001+ 915 1268 28
(Brand 6) Protein (g) 79 142004 <0015 23827 —3472 ~6769
Total fat (g) 92 86£02 000i% 11 865 129
SFA (@) 05 Lazo01 <0015 12090 33 16477
Carbohydrate (g) 675 8102 <o001e* 12445 3533 16962
Sugar (&) 06 L1201 <0001 977 248 1351
Sodium (mg) 5203 5935425 <o001e* 890 1383 669
Nutty chips (Brand 7)  Energy (Keal) s10 91241 o0 785 1095 187
Protein (g) 15 16201 <0001+ 1576 429 2160
“Total at (g) 2 22102 <o001%* 3581 859 1010
SFA (@) 2 224003 <o001e* 19948 5666 27186
Carbohydrate (g) S0 523115 0054 269 003 31
Ditary fiber (g) 7 9320 <0001°* s 14599 70026
Sugar (8) 23 222005 0051 275 137 001
Unjunked tandoori  Energy (Keal) 155 83219 <0001°* 2613 731 3569
chis (Brand7) Protein (g) 2 94+01 <o001e* 3591 —19.00 1012
Total fat (g) 157 25105 <0001+ 2308 651 3209
SFA (@) 63 24501 <o001e* 1453 392 1993
Carbohydrate (g) 667 70207 <0001+ 1182 203 —a01
Dietary fber (g) 6 2720 <o001e* 155091 11360 44068
Sugar (&) 69 167205 <0001+ 3451 972 709
Sodium (mg) 18669 6687423 <o001e* 89299 121697 25373
Unjunked chilipizza  Energy (Keal) a3 19322 <o001e* 1293 1213 5855
chips (Brand 7) Protein (g) 143 91007 <0001+% 11403 —155.42 3237
“Total fat (g) 2 2404 <o001e* 798 1357 653
SFA (@) 9 1820 <o001e* 835 13737 65891
Carbohydrate (g) 96 @705 <o001e* 2035 2783 563
Dietary fiber (g) 57 255003 <0001+ 20021 39550 5245
Sugar (§) o8 23505 <0001+ 6161 1832 8812
Sodium (mg) 10936 oL1s2 <0001+ —42246 57573 12003

Values are mean 5D (1 =3), saturated fatty acids (SFAS), monounsaturated faty acids (MUFAS), polyunsaturated fatty
5% level of significance, NS—no significant difference.

(PUFAS), **si

antat 1% level of significance, *significantat
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Product name Sugar threshold Total fat threshold Saturated fat threshold Sodium

threshold
Sugar (g) Calories! 10%E  Total fat Calories? 30%E  Saturated fat Calories 10%E Sodium
(Kcal) (9 (Kcal) (C)) (Kcal) energy

Barbeque beetroot chips (Brand 6) 369 148 a7 17.7 160 139 - - - B
Black chana chips (Brand 5) 6 2 21 - - - - - - -
Beetroot masala chips (Brand 1) - - - 08 367 173 192 173 575 121
Popped potato chips (Brand 8) - - - - - - 221
7-grain protein snack (Cream and onion) - = - 25 212 144 - - - 171
(Brand 2)

7-grain protein snack (Peri-peri) (Brand 2) - - - 26 203 143 - - - 171
Paprika popped chips (Brand 6) - - - - - - - - - 121
Un-junked tandoori chips (Brand 7) - - - 157 141 137 63 57 55 a1
Un-junked chili pizza chips (Brand 7) - - - 19 a4 143 251
Soya chips (Brand 3) - - - 168 151 131 59 3 451 261
Beetroot chips (Brand 5) - - - 17.6 159 122 - - - -
Nachni jalapeno chips (Brand 1) - - - 327 204 159 154 139 531 -
Quinoa cheezopeno chips (Brand 1) - - - 443 399 179 17 153 59 -
Oats chips (Brand 5) - - - 623 239 155 - - - -
Nty chips (Brand 7) - - - 2 252 153 - - - -
Soya pudina chips (Brand 5) - - - 264 274 153 - - - -
Moong dal chips (Brand 5) - - - 345 3i 195 - - - -
Purple sweet potato chips (Brand 9) - - - - - - 92 8 83 -

E: Energy (from product label), *Recommendations for sugar threshold level: calories from sugar (Kcal) < 10% of total energy, **total fat threshold level: calories from total fat < 30% of total energy, ‘saturated fat threshold level: calories from saturated fat (Keal) < 10%.
of total energy, “sodium threshold level: sodium (mg): energy (Kcal) < 1:1, ' =sugar X4, =total fat X9, = saturated fat X 9.
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