Pre prints.org

Article Not peer-reviewed version

The Need for Culturally
Appropriate Food Allergy
Management Strategies: The
Indian Milk Ladder

Somashekara Hosaagrahara Ramakrishna , Neil Shah , Bhaswati C Acharyya , Emmany Durairaj, Lalit Verma

, Srinivas Sankaranarayanan , Nishant Wadhwa , Carina Venter :
Posted Date: 7 August 2023
doi: 10.20944/preprints202308.0456.v1

Keywords: Cow’s Milk allergy; CMA; Milk ladder; Tolerance acquisition; Baked food

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3073182
https://sciprofiles.com/profile/3085652

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 August 2023 doi:10.20944/preprints202308.0456.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

The Need for Culturally Appropriate Food Allergy
Management Strategies: The Indian Milk Ladder

Somashekara Hosaagrahara Ramakrishna 1, Neil Shah 23, Bhaswati C Acharyya 45,
Emmany Durairaj 6, Lalit Verma 7, Srinivas Sankaranarayanan 8°, Nishant Wadhwa 10
and Carina Venter 112*

! Department of Paediatric Hepatology & Gastroenterology, Gleneagles Global Health City, Chennai, India

2 The Portland Hospital, London, United Kingdom

3 Reckitt Nutrition, Slough, United Kingdom

* Department of Paediatric Hepatology & Gastroenterology, AMRI Hospitals, Kolkata, India

5 Department of Paediatric Hepatology & Gastroenterology, Institute of Child Health, Kolkata, India

¢ Department of Clinical Nutrition, Mazumdar Shaw Medical Centre, Narayana Health City, Bengaluru,
India

7 Department of Paediatric Hepatology & Gastroenterology, Global Hospitals, Mumbai, India

8 Department of Paediatric Hepatology & Gastroenterology, Kanchi Kamakoti CHILDS Trust Hospital,
Chennai, India

° Department of Paediatric Hepatology & Gastroenterology, Apollo Children Hospital, Chennai, India

10 Institute of Child Health, Division of Paediatric Gastroenterology, Hepatology & Nutrition, Sir Gangaram
Hospital, New Delhi, India

11 University of Colorado, Denver School of Medicine, Paediatrics, Section of Allergy & Immunology,
Denver, United States

12 Children’s Hospital Colorado, Paediatrics, Section of Allergy & Immunology, Denver, United States

* Correspondence: carina.venter@childrenscolorado.org

Abstract: Background: Cow’s milk allergy (CMA) is one of the most common and complex food
allergies affecting children worldwide and with few exceptions, presents in the first few months of
life. Baked milk containing diets are well tolerated in the majority of milk allergic children and
allow dietary restrictions to be relaxed. In addition, the early introduction of tolerated forms of
allergenic foods to the infant’s diet in small amounts may enhance the outgrowth of milk allergy
through oral tolerance induction. The methods of milk introduction vary widely across the globe.
Methods: We convened an expert group to develop a comprehensive milk ladder based on
calculated milk protein content using Indian foods. To validate the milk ladder, foods chosen for
the ladder were analyzed and the ladder was re-evaluated based on amount cooked milk protein
content. Results: Combining expert consensus and validation of milk protein content, we created
the world’s first milk ladder containing Indian foods. This is the first ladder that provides
information on timing and temperature of cooking, with validated milk protein content.
Conclusions: This is the first milk ladder based on unique features of Indian food habits built by
consensus of Indian experts along with international collaboration with quantified of milk protein
in each step. We believe the “The Indian Milk Ladder” will be a very helpful tool for pediatricians
helping manage CMA in children as well as their parents and caregivers, not only in India but in
countries world-wide where these foods are commonly consumed.

Keywords: Cow’s Milk allergy; CMA; Milk ladder; Tolerance acquisition; Baked food

1. Introduction

Cow’s milk allergy (CMA) is the most common and complex presentation of food allergy in early
childhood. ' Cow’s milk allergy can be divided into IgE and non-IgE mediated forms of food allergy.
Non-IgE mediated CMA is again classified into the food protein induced enterocolitis syndrome
(FPIES), eosinophilic gastro-intestinal disorders, food protein induced proctocolitis and mild to
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moderate non-IgE mediated food allergies.#6” IgE mediated CMA is diagnosed based on a
combination of clinical history, specific IgE tests/skin prick tests and oral food challenges when
required.> CMA related FPIES are diagnosed by a clinical history and/or oral food challenge.?
Eosinophilic gastro-intestinal disorders are diagnosed by performing endoscopies followed by cow’s
milk avoidance, reintroductions and follow-up endoscopies.® Food protein induced proctocolitis and
cow’s milk induced enteropathies are mainly diagnosed based on clinical features and the patient’s
medical history and cow’s milk avoidance.!

Mild to moderate non-IgE mediated CMA have been described for the first time in 2014 by a
group of clinicians from the United Kingdom.” The authors suggested an algorithm for the diagnosis
and management of mild to moderate non-IgE mediated CMA. Infants with mild to moderate non-
IgE mediated CMA present with a combination of skin, gastrointestinal and sometimes respiratory
symptoms in the absence of growth faltering and severe symptoms. The diagnosis is based on a
clinical history, removal of cow’s milk protein and rechallenge of cow’s milk upon symptom
resolution (usually 2- 4 weeks after removal of cow’s milk protein). After a period of avoidance, cow’s
milk can be reintroduced at home in a sequential manner starting from lowest dose and allergenicity
to highest dose and allergenicity over a time period, which can be individualized for each case.

The original ladder for use in children with mild to moderate non-IgE mediated CMA, was
developed by a group of UK health care professionals calculating the amount and cooking
temperature of 12 foods commonly consumed in the UK (malted milk biscuits, digestive biscuits,
cupcakes/mini muffins, scotch pancakes, shepherd’s pie, lasagna, pizza, milk chocolate, yogurt,
cheese, sterilized and pasteurized milk).” It soon became apparent that the ladder was used world-
wide and an amended version of the ladder, using more internationally accepted foods and only 6
steps was developed (biscuits/cookies, muffins, pancakes, cheese, yogurt, and pasteurized milk).6 Yet,
it was clear that the foods in the ladder did not represent food preferences of all cultures.

Data from UK has shown that mothers were confused about the steps in the milk ladder and
concerned about the limited number of foods that might not necessarily reflect the child’s food
preferences which lead to the adaptation of the original ladder.!" A recent rostrum article, highlights
the fact that milk ladders are increasingly being used in the care of children with IgE mediated food
allergy."2This rostrum further emphasizes the importance of milk ladders being simple with a limited
number of foods per step, culturally and age appropriate, preferably healthy, along with attached
recipes including the time and temperature of heating and also the milk protein content to be
specified. The levels of protein present in the final product should be tested '2.

Indian food is different from the rest of the world, not only in taste, but also in cooking methods
and ingredients used. It reflects a perfect blend of various cultures and ages. Kashmiri dishes reflect
strong central Asian influences with rice as the staple diet compared to wheat as the staple diet in the
rest of Northern India. Western Indian foods contain a range of lentil dishes and pickles or preserves.
Food intake in Eastern India is dominated by fish and rice dishes. Southern Indian food also often
contains fish as an ingredient as well as lamb, prawns and coconut. However, central to all Indian
cooking is sweet, milky desserts. We have therefore considered the sugar and fat content of foods,
but included some foods higher in fat and sugar content, to adhere to the Indian palate. The study
aimed to, 1) Develop a milk ladder based on food cultures in India, 2) Consider and be mindful of
the sugar and fat content in the Indian foods included in the ladder and 3) Calculate and test the
amount of cooked milk protein in different Indian foods included in the ladder.

2. Materials and Methods

2.1. Formation of Expert Group

Taking into consideration the prior knowledge described previously, an expert group
experienced in managing CMA was convened to develop a milk ladder using Indian foods. The
group was composed of a dietitian and Indian pediatric gastroenterologists (from all four regions of
India — North, South, East and West) as well as an international pediatric gastroenterologist and
pediatric allergy specialist dietician.
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2.2. Initial development of the Indian Milk ladder

A list of common foods reflecting the different cultures in India was drawn up, analyzed for
their milk protein content, temperature and timing of heating, sugar and fat content (Table 1). The
first list of foods included Maida Diamond Biscuits, Gulab jamoon, Ragi/Poha Dosa, Halwa, Rava
Idli, Rice/Sago/Semolina pudding, Paneer, Scrambled egg with milk and Rava Laddoo. After
discussion of the fat, sugar and allergen content, the milk ladder was adapted (Table 1). Foods which
are prevalent across different geographical locations and cultures were included. The initial/working
Indian Milk Ladder was designed by consensus of working group.

Table 1. Milk ladder built by Consensus.

Cooking
Step Food Milk/ Serving  Milk protein/ Serving Temperature (°C) Cooking Time

Step 1 & 2: Gradually increasing amount of Protein with increasing cooking time

Step 1 Marie Biscuit 0.050 g 180 15 min
Maida Diamond Biscuits 1.25 ml 0.040 g 180 15 min
Step 2 Milk Cookie 1.8 g milk powder 037¢g 180 10 min
Halwa 25 ml 075 ¢ Boiled 25 min
Ragi Sari/Kanji (with milk) 25 ml 075 g Boiled 30 min
Step 3: Slightly lower amount of protein but heating time lower too
STEP 3 Ragi d.os;? 21 ml 074 g Fry 2-4 m.in
Rava idli 20 ml 070 g Steam 15 min
Step 4: Increased Protein and Increased Cooking time too
Step 4 Gulab jamoon (dry) 8.3 g milk powder 215¢g Boiled+ Fry 20 min
Rasagullah 100 ml 35g Boiled 30 min
Rice Kheer 100 ml 35g Boiled 30 min
Step 5: No Cooking
No cooking
Step 5 Paneer 37¢g But through cheese making
process
Shrikand or Yoghurt 180 ml 6.0 No cooking
Step 6: Pasteurized Milk

Ya cup 217 g

Step 6 Milk Y cup 434 g

1 cup 8.68 g

Legend: Initial milk ladder built by consensus. Milk protein content was calculated manually by going through
recipe and estimating the quantity of milk present per serving. g= grams; 0C= Celsius; ml= milliliters;

min=minutes.

2.3. Testing of the milk protein content of food included in the milk ladder

To rationalize the steps of Indian Milk Ladder, we first calculated and then tested the content of
milk protein in the different Indian foods included in the ladder. Food items were cooked freshly as
per the recipe (detailed in Supplementary Material S1 and S2) which specified the ingredients,
method of cooking and amount of milk/milk product to be added.

Kjeldahl nitrogen analysis, Association of Official Analytical Chemists [AOAC] methods'> and
ELISA™ were used to determine the cooked milk protein content. Details of ELISA kits are as follows:
RIDASCREEN®FAST Milk (Art No R4652), R-Biopharm AG, Darmstadt, Germany, Lot Number:
25470 Expiry: 11/2021.

Total nitrogen analysis by Kjeldahl method, the international reference method for determining
protein in milk and milk-based products due to its high precision and good reproducibility indirectly
measures protein content by determining the total nitrogen content of the milk product. Total
nitrogen is converted into percentage protein and accounts for the nitrogen content of the average
amino acid composition present in the milk.’3'> For milk derived products tested, including Paneer,
Cheese, Yogurt, Rasagulla, and Shrikhand, the protein content directly represented the total milk
protein and AOAC 2001.11'¢ method was used. For products containing milk along with other
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ingredients (Gajar Halwa, Gulab jamoon, Ragi Sari, Rice Kheer), due to the ingredient variability and
presence of protein sources other than milk, the milk proteins were determined as casein and albumin
content per AOAC 939.0217 method.

The AOAC method is not recommended to determine milk protein content of samples which
are presumed to contain less than 0.1% of milk proteins. The sandwich enzyme-linked immunoassay
(ELISA) for the quantitative determination of milk protein in food was used to determine milk
protein' for the following: Biscuit, Maida biscuit, Cookie, Pan Cake, Ragi Dosa, Rava Idli, Mufffin.
The ELISA method uses antibodies against caseins and Beta-lactoglobulins and thus it is a direct
measure of milk protein content in the sample.

Milk protein was estimated on three different samples at three different times by the methods
described above. The average of three values was taken as the final result. Mean and standard
deviations were calculated.

3. Results

3.1.1. Expert Consensus

The initial milk ladder was designed by consensus by expert committee by calculating the
amount of milk in food and accounting for the cooking temperature and duration (Table 1). The
principle used to design each step of the ladder is outlined:

Step 1 & 2: Gradually increasing amount of protein and cooking time

Step 3: Slightly lower amount of protein and heating

Step 4: Increased protein with increased cooking time

Step 5: No cooking

Step 6: Pasteurized milk

3.1.2. Validation of milk protein in selected foods

Following expert consensus, the cooked milk protein content of foods making up the ladder was
analyzed in the laboratory as described. Cooked Milk protein content of analyzed foods are outlined
in Table 2.

Table 2. Cooked Milk protein content of foods in the Indian Milk Ladder (in grams/100 grams of

food).
Sample Name Method Reading1 Reading2 Reading3 Mean SD
Biscuit ELISA 0.005 0.005 0.005 0.005 0
Maida biscuits ELISA 0.006 0.005 0.006 0.005  0.0005
Shrikhand = AOAC 939.02 0.28 0.28 0.28 0.28 0
Cookie ELISA 0.32 0.38 0.38 036  0.0346
Pan cake ELISA 0.34 0.35 0.37 0.353  0.0152
Gajar Halwa AOAC 939.02 0.41 0.41 0.41 0.41 0
Gulabjamun AOAC 939.02 1.23 1.23 1.23 1.23 0
Rasagulla AOAC 2001.11 2.49 2.67 2.49 2.55 0.1039
Ragi sari AOAC 939.02 2.73 2.59 2.73 2.68  0.0808
Rice kheer ~ AOAC 939.02 2.87 2.87 2.73 2.82  0.0808
Ragi Dosa ELISA 2.92 2.997 2.87 2.92  0.0639
Rava idli ELISA 3.12 3.08 3.2 3.13  0.0611
Muffin ELISA 4.63 4.08 4.36 435  0.2750
Yogurt AOAC 2001.11 7.33 7.21 7.16 723  0.0873
Cheese AOAC 2001.11 21.15 21.28 21.1 21.17  0.0929
Paneer AOAC 2001.11 21.37 21.49 21.49 21.45 0.0692

Legend: The foods from the ladder built by consensus were analyzed for cooked milk protein content in the
laboratory. Three different samples were analyzed at three different times. AOAC = Association of Official
Analytical Chemists; SD= standard deviation.
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3.1.3. Finalization of the Indian Milk Ladder

The results obtained by laboratory milk protein estimation were compared with that of Milk
ladder which was originally designed by consensus. The final milk ladder was prepared by
rearranging the food products in the ladder according to the amount of protein present in the food
item as determined by laboratory testing. The ladder contains 6 steps (Table 3 and Figure 1).
Alternative Indian food to reflect cultural differences is provided in each step.

Table 3. The final Indian Milk Ladder.

Cooked Milk Protein Recommended Portion Cooking Cooking
STEP Food . .
content (g/100 g) per serving Temperature (°C) Time
Step 1: Introduction of small amount of milk Protein
alP -
Marie Biscuit 0.005 s Biscuit to start with &  _Crmercial Preparation
Step 1 build up graduall
Maida Dimond Biscuit 0.006 P8 Y 180 15 min
Step 2: Gradually increasing amount of protein and cooking time
Milk Cookie 0.35 180 12 min
ith .
Step 2 Gajar Halwa 0.410 Start with ¥4 portion & Boil 25 min
increase gradually - -
Gulab Jamoon (dry) 1.230 Boil + fry 20+5 min
Step 3: Increasing amount of protein and cooking time
Rasgulla 2.550 Start with % " Boil 30 min
Step3  Ragi Sari/Kanji 2.686 rart with 7 portion Boil 30 min
- increase gradually - -
Rice Kheer 2.823 Boil 30 min
Step 4: increasing amount of protein but less cooking time
Step 4 Ragi dosa 2.929 Start with %4 portion Fry 2-4 min
Rava idli 3.120 increase gradually Steam 15 min
Step 5: No cooking
Through
Yoghurt 7.330 No Cooking Cheese
Step 5 Start with ¥4 portion and making
P Srikhand 8.680 increase gradually No Cooking
Cheese 21.28 -- --
Paneer 21.49

Step 6: Milk
Start with ¥4 cup and
increase gradually

Step6  Pasteurized Milk

Legend: The ladder details recommended portion per serving and cooking time and temperature. g= grams;

9C= degree Celsius; min= minutes.
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THE INDIAN MILK LADDER

To be used in infants and children with Cow's Milk Allergy for reintroduction of
milk and milk products under the supervision of a healthcare professional
PLEASE SEE THE ACCOMPANYING RECIPE INFORMATION

Milk

No cooking

Increased amount of protein
but less cooking time

sagul? anii Increased amount of
RESPZ K

,Eia;j Khee' protein and cooking time

Gradually increasing
amount of protein and
cooking time

T Introduction of small
Marie BISC T BisC
“Maida 02™ amount of milk protein

THE LOWER STEPS ARE DESIGNED TO BE USED WITH HOME MADE RECIPES. THIS IS TO ENSURE THAT EACH STEP
HAS THE APPROPRIATE MILK INTAKE. THE RECIPES WILL BE PROVIDED BY YOUR HEALTHCARE PROFESSIONAL
Should you wish to consider locally available store-bought alternative - seek the advice of your healthcare professi Re: il

Figure 1. The Indian Milk Ladder.

4. Discussion

The gradual reintroduction of baked milk products and milk in children with non-IgE mediated
CMA which is done at home is called the “Milk Ladder”. The milk ladder is based on the knowledge
that the addition of baked milk to the diet of children tolerating such foods appears to accelerate the
development of milk tolerance compared with strict avoidance.'®!® We developed the first milk
ladder based on unique features of Indian food habits through consensus of Indian experts along
with international collaboration. This is the world’s first milk ladder that quantifies the amount of
milk protein per step.

Heat treatment has long been recognized to have the potential to alter allergenicity of proteins.
Now it is well recognized that the processing of food proteins alters their structure and potential to
induce allergy.?2! The allergenic characteristics of a protein are determined by the epitopes formed
by the sequential amino acids and epitopes arising from the three-dimensional shape of the protein,
called conformational epitopes. Heating causes a loss of the conformational epitopes and largely
preserves the sequential epitopes.?

It is generally accepted that infants with a proven diagnosis of cow’s milk allergy should remain
on a cow’s milk protein free diet until 9-12 months of age and for at least 6 months? prior to re-
introduction of cow’s milk into their diets. However, up to 90% of children with CMA may tolerate
baked milk containing foods such as muffins and cupcakes.?* The inclusion of baked milk products
in children’s diet is suggested to accelerate the development of tolerance to unheated milk compared
to a strict milk avoidance approach. A significant increase in IgG4 against milk casein in children who
are tolerant to baked milk, has been reported, similar to those treated with milk oral
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immunotherapy.?>? Moreover, the consumption of baked milk is suggested to enhance the quality of
life by removing unnecessary dietary restrictions and to change the natural history of CMA by
promoting the tolerance acquisition to regular cow’s milk.'8%

All milk proteins have potential to act as allergens. In the current study, we designed the first
milk ladder in the Indian subcontinent considering the cultural diversity in India, the amount of milk
protein in the food item, the time/duration and temperature of heating, as well as the effect of other
ingredients on the milk protein. The cooked milk protein in each chosen food substance was analyzed
by standard laboratory methods. We estimated only total milk protein content of foods as we know
that both casein and whey are equally implicated in the pathogenesis of milk allergy.?$? In children,
major milk allergens are suggested to be caseins, 3-lactoglobulin and a-lactalbumin.? The calculated
protein content of foods in Step 1, Step 2, Step 3 and Step 4 did not corelate well with laboratory
estimation of milk protein. Whereas foods in Step 5 (milk-derived products) of the Milk Ladder
corelated well with the laboratory estimation. Based on the laboratory results we rearranged the
foods of milk ladder in step 2, step 3 and step 4. As the foods in step 2, 3 and 4 contained other
ingredients along with significant amount of milk, the interference of matrix would have contributed
to this variation. Previous studies have shown that incorporating other substances (matrix) along
with milk while cooking might promote the formation of complex milk-food components.? We
hypothesize these milk-food components may lead to interference in laboratory estimation of milk
protein leading on to a difference between calculated and estimated milk protein content in cooked
foods. It is also known that milk food components induce a modulation of the immunoreactivity
towards milk allergens.?! Based on the results of milk protein content of different food substances the
ladder was re-designed by arranging food items in increasing order of protein content.

It is generally accepted that the ladder approach can be used safely in children with mild to
moderate non-IgE mediated cow’s milk allergy such as proctocolitis. It is however also known that
the milk ladder is being used in children with IgE mediated cow’s milk allergy outside of the clinical
setting.!! A recent article'? suggests that the milk ladder can be used safely in individuals with 1) non-
IgE mediated allergy (excluding FPIES), 2) IgE-mediated food allergy with prior mild, non-
anaphylactic reactions, 3) no diagnosis of asthma individuals, but considered for individuals with
stable, treated asthma, 4) the ability to understand and comply with the instructions provided, 5)
high previous reaction threshold 6) low or decreasing skin prick test wheal or serum specific-IgE
levels 6) Younger patients or individuals of any age with limited co-existing allergies. However,
because we are employing IML for home-based re-introduction, we strongly advise that it be used
only for children with non-IgE mediated milk allergies.

One limitation of the study is that we only measured total milk protein content and not whey
and casein fractions. Future analysis should include measuring the whey and casein fractions of
baked and processed milk products.

5. Conclusions

This is the first ever attempt to design a milk ladder taking into account cultural food preferences
such as foods consumed in India and elsewhere. We have developed a milk ladder with clear
instructions for the use in cow’s milk allergic children. This is the first ladder that provides
information on timing and temperature of cooking, and validated milk protein content.

We believe the “The Indian Milk Ladder” will be a very helpful tool for the Pediatricians looking
after children with CMA and also for parents of such children worldwide, particularly clinicians who
are not very well informed regarding Indian foods.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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