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of an industrial research team that developed new infant formulas and modifi

THE DETERMINATION OF WHEN MEASURMENT OF G H OF NORMAL INFANT SIS

NECESSARY TO ESTABLISH QUALITY "OF AN INFANT FORMULA
DUANE A. BENTONPhD.

The information and opinions in this paper are drawn from the author’s 25 years of experience as a member
ations of existing formulas
and followed these projects to market introduction. The team addressed nutri onal adequacy, safety of
ingredients, packagmg, processing and quality control. The management of the company and the research
team believed that physxcal growth stud1es and other cl;mcal studies were essennal to the mtroductxon of

A company has a respon51b1hty to establish that any new or modxﬁed formula is safe and appropnate for its
intended use. Experience with the proposed formulation is essential to thls _ Studzes of other compames

products is of little value since formulation, ingredients, processing and packagmg dxﬁ"ers among
companies.. Physxcal growth studies with healthy term infants are essential to this experience. Infant studies

involve inconvenience and even risk for the mother and infant and should not be. undertaken unlessitmeets

an important need.

To address when a growth study is'needed we should understand why a company would place such
importance on such a simple but expensive study. Studies of young growing animals and infants that have
identified nutrient deﬁ cies, imbalances, toxicity’s and metabolic disorders have usually found reduced
weight gain and food intake a - first sign of the problem. A growth study is believed to be a sensitive but
non-specxﬁc test for disorders induced by the feeding. However some disorders will not produce significant
reductions in growth.

Growth has innumerable components and these progress in a predicable pattern in normal growth. In our
experience wexght gain is usually the most sensitive indicator of a deviation from,normal growth Many
other non-invasive tests have been included in growth studies but are less sensitive signs of an abnormal

- pattern of growth, Any 51gmﬁcant evidence that the mfants growth do not follow that of the control group

should lead to termination of the study.

Some propose that with the incorporation of numerous measures of physical growth in our growth study we =

may identify a pattern of growth more desirable than with present formulas. This may be appropriate for
basic research on infant nutrition but the results will be difficult to interpret. A straight forward growth
study is needed to decide whether it is safe to proceed. with a new formula or a formulation change. The
only answer that allows us to proceed is that the formula produces the same growth as present formulas.

The most sensitive test of abnormal growth is needed because the mt,r.p,slugtxpn, of solid foods may resolve
nutritional problems when they become a major part of the diet. Parents are not willing to delay solid food
introduction very long. ‘

It is important to start infants on their assigned feeding within the first week of life so the study mcludes the
most rapid growth period and the period when solid food intake is minimal.

It may be appropriate to extend the study to six months of age although it increases the cost and the
inconveniences to the parents and the infants. However one must be cautious not to ignore differences at

three or four months because they disappeared at six months. By six months of age the rate of growth has
slowed, metabolic processes have matured and solids have become an important part of the diet. '

Clinical observations of a pediatrician, observations made by the nursing staff, mother’s observations of the
infant and nurses’ resolutlon of their observations with those of the mothers are all essential to such a study.
Where there is some problem with a formula there is usually some perception of it by the research team
before there are significant differences in weight gain. Negative observations may lead to rejection of a
formulation even when welght gain is not statistically dlfferent ﬁom that of the controls ;




The growth study as it is used to test an infant formula for marketmg isa pass/fall test Negatrve results only
tell you that you need anew formulatron

A manufacturer of an infant formula starts by deﬁmng what change is needed for the market. Food ~
scientists, generally working in a pilot plant that can reproduce the processes of the commercial plant very
closely, develop a stable formulation that meets all the requn'ed needs. Numerous small batches are
produced to assure it will have the needed shelf-life. These are studies of changes of physical charactenstxcs =
as well as nutrient levels with time, There are many chemical and physical tess that arTi o
ingredients and final product during the development of the formula. Proper selectxon of tests will help us™
later to determine whether growth studies will be required.

One must expect that many changes will be made before a final process is accepted. Only then can the
clinical study issue be addressed.

Every detail of the process must be looked at and any changes from accepted process be 1dent1ﬁed Usually
there will be one or two of the company’s marketed products to compare with. In some cases there are
experimental formulas that have been vsed i in growth studres and . may be appropnate for comparison.’

For comparison of new and accepted formulations the following aspects must be evaluated:

1. Ingredients: The raw materials used; the manufacturers process specifications and detailed analysrs ‘
Batching: All the processes required to solublize the mgrechents, homogemze and set the batch for
‘sterilization or drying in the case of powdered formula. ‘

3.~ Heat processing: Heating is essential in  batching, homogenization, preheating, drymg and stenhzatlon
It is important to compare the total heat inputs that reflect the potential damage to the p:

4. Packaging: There is potential for the packagmg to interact wrth product Ieach matenals into’ product o

and how the package modifies the heat input.
5. Shelf-life Changes: Losses of nutrients and physical or chemical changes during storage may indicate
need for clinical evaluatlon ofa formulation,

NEW INGREDIENTS OR CHANGES IN INGREDIENTS
Protelrl Source: ' ' k k

The infant growth study is not a sensitive evaluation of the protein quality. Infant formulas contain
significant excesses of protein to support the growth of normal term infants. Only a very poor quality
protein or a very poorly digested protein could be detected as inferior in a growth study. It 1 requires a
feeding of much lower protein content to estimate protem quality in infants. We must depend on other types
of studies to address this important issue.

The rat PER study that is required for evaluation of mfant formulas is not reliable to evaluate a totally new
source of protein since the rat amino acid requn'ements are different from the infant amino acid
requirements. On the other hand the PER can be a very sensitive test of whether a change in process or
ingredients has damaged the protein in a formula. The PER like the growth study is a sensitive test
indicating something is wrong with a formula but it does not tell what.

Protein sources are generally very complex mixtures. There are many ways these can interact with the
nutrients so any new source of protein requires a growth study. Goat’s milk has been used extensxvely in
infant feeding but it has not been used to make a commercial infant formula. Such a formula would require
a growth study because interactions of goat’s milk w1th other mgredrents might be quite different from those
with bovine milk.

Bovine milk has been used extensively in formulas. A new source would not require a growth study.



However, if bovine mllknls modlﬁed by makmg cheese, in the case of whey, or ultra-ﬁltratlon is used to
minerals or lactose, it produces many changes in the formula and must be treated as a new
mgredlent that requires testing.

In the case of whey, each cheese making process results in a different whey. Whey must be treated to

_ remove minerals and control _micro-organisms that are part of the cheese - making process. Supphers may
have very different processes. If a formula manufacturer changes the source of demineralized whey he
should either demonstrate that the processes and handlmg are the same as those he has had experience with
or do anew growth study

Ultra-filtration of milk to remove rmnerals and lactose has little potent1a1 to damage the protein or add
contaminants but the process removes many nutrients that must be replaced in some form. This makes a
totally new formulation that calls for study.

Soy protein isolate is the result of extensive processing of the soy bean. There can be extensive differences
from one manufacturer t ther in the process. The company that changes the source of soy protein
isolate must demonstrate that the same process was followed or treat it as a new mgredxent

If soy protein isolate were treated by ultra-filtration to remove some non-protein component very little of
essential nutrients would be removed. Nutrients would not have to be replaced in the new formulation so no
growth study would be requu'ed unless the ultra-ﬁltranon added matenal to the 1solate

* The production of a protein hydrolysate used in infant formula must be highly controlled. There is great
potential for the hydrolysate to interact with nutrients ‘and other ingredients to produced undesired responses
in the infant. Small changes in'the conditions of hydrolysis can produce changes in the final product. Any
hydrolysate for which there is no experience is a new ingredient. Even a minor change in the conditions of
hydrolysis should be the basis for detailed evaluation, The need for a growth study would be determmed
from the chemical and physical changes found in the product after processing and shelf-life.

Treatment of protein sources with reactive chemicals or solvents have the potential to modify the protein
and to produce new substances that could interact with nutrients. It may be possible by chemical analysis
and physical testing to demonstrate such reactions do not occur but it is an area where caution is required.

Fat Source:

A source of fat or oil that has never been utilized by the company for mfant formula should be the
justification for a growth study Even where a fat blend has fatty acid patterns similar to human milk or
accepted infant formulas this gives little assurance that the fat w111 be utilized in a similar manner.

The digestibility of fat blends by infants have been difficult to predxct Studles of fat digestibility in adults
or experimental animals are of httle value.

There have been proposals that certain poiyunsaturated fatty acids in diets of infants may produce important
physiological responses in infant. These fat blends are produced from matenals that have never been used in
infant formulas and the companies have no experience with the processing of these fat blends in a formula.
The company that introduces such a fat blend into a formula has a responsibility to show not only that
normal growth is maintained but that any physiological response is desirable for the infant. A growth study
would be an important part of the needed research.

Fats and oils contain many substances that have potential for adverse reactions. We do not know what all of
these may be. Chemical or physical modxﬁcatxon or fractionation of a fat source must be assumed to have
produced a new ingredient smce contammants may have been concentrated or new ‘'substances been
produced.



In the Infant Formula Act digestion and utilization of nutrients has been specified as a quality factorin =~
infant formulas. Milk fat has been used in infant feeding for many years. Nutrient balance studles thh new

born infants have demonstrated it to be poorly digested and absorbed. Growth studi
containing formulas do not show poor growth but will show an mcrease in formula
measured. )

If companies must show the dlgestxbxllty of the fat blends fn their formulas then nutrient balance studies in
new born infants will be needed. No animal model has been found fo good predrctor of the dlgestlon )
and absorption of fat blends in new bom infants. The cmdltwns to can'y out such studies may be very
controversial. :

The digestion of a fat can’t be predicted from the fatty acid pattern alone but is a function of the specific
triglycerides in the blend. A company that claims a fat blend is like human milk or is a sourc unporta.nt
long chain polyunsaturated fatty acids should show that the fat is well dxgested and absorbed.

All rearrangements or fractlonatlons of previously used fats would seem to produce new ingredients that
need testing. It may be possible to show that some tnglycende fraction is so pure and evidence for
utilization so clear that no chmcal study would be needed Thxs would requue chemical and ammal studles

Carbohydrate Sources:

Lactose, sucrosé and corn syrup solids have been used extensrvely in infant formula and most compames
have enough experience with each of these to not be viewed as a new ingredient. Changes i in the proportion
of these carbohydrates have never modified infant’s growth responses to expenmental mfant formulas. This
is based on studies using commonly accepted processing methods.

There are processes for making soluble oligosaccharides from starch that result in quite different products
from the usual corn syrup solids. Before such a product is used to replace corn syrup solids in a formula its
chemistry and digestion should be looked at in detail. It might have to be treated as a new ingredient if it
were found to be very different from the usual corn syrup solids.

Reducing sugars tend to interact with many other ingredients in a formula. A carbohydrate mixture that has
significantly greater reducing activity than previously used carbohydrate would justify a growth study.
Formulas whxch use protem hydrolyzates free amino ac1ds or amino acid supplements would be of specxal

concern.

Other carbohydrates proposed for infant feeding such as lactulose are not mtended tobea pnmary energy
source but are proposed to stlmulate the bacterial ﬂora These are generally poorly digested and absorbed by
the infant. They will result in gas productxon and may cause some intestinal dlsorder if the level used is too
great. Some controlled study in infants would seem necessary to Justlfy any use in formula,

The author’s company had extensive clinical experience with milk based formulas in which added lactose |
was replaced with com syrup solids with no effect on growth of infants. Other companies may have similar
results. No problems have ever been reported

Mineral Sources:

There should be extensive experience in the food industry and with animal feeding with any mineral source
used in an infant formula. The Infant Formula Act controls effectively the levels of essential mineral
element in formulas. Chemical analysis should show that no toxic materials are present.

With the minerals sodium, potassium, chloride and magnesium the commonly available salts seem to be
easily absorbed. Calcium and phosphorus can be converted to forms that have reduced availability in
animals. Only a severe reduction in the availability of calcium and phosphorus in a formula could be



detected in a physical growth study. These elements are usually added at levels well above those requxred )
by mfants ;

It is not likely that deficiencies of iron, copper manganese molybdenum or wdme would be detected by the o

usual physical growth study because of the reserves that infants usually have at birth. Other “types of
research are needed to prove that these trace elements in infant formula are available.

The balance of various rmnerals in a formula must be of concern. For example dletary sodium, potassium,

chloride as well as calcium and phosphorus have eﬁ‘ects on the acid-base balance of the infant. It v would be__f ' -

possible to produce an acid-base problem within the ranges of these elements allowed in
Act. Radical changes in the ratios of these elements would require a growth study “

Small changes in a mineral mixture of a formula probably does not Jjustify a growth study A major change
for which there is no similar expenence would Justlfy study 1t is important to evaluate whether a growth
study is the proper way to address the issue.

Vitamin Sources:

The vitamin mixtures of water-soluble and fat-soluble vitamins that are presently used by the mdustry have
proved to be highly reliable. There are losses of some wtamms dunng processmg ’I‘hxs is requn'ed to be
tested regularly by the company in each formula and each container | type and processmg system Quality
control tests demonstrate the mix has been added and at the appropriate Tevel. There is no'reason to change
how this is being done.

If for some reason a company needed to change the form of some vitamin in a formula it ‘would do all the

required studies of the new pre-mix. This would show that all the vitamins in the premlx were stable durmg
the storage life of the premix and it would show what losses there were dunng processmg with the ne v'v' o
premix. There would seem to be little need for a growth study if the new form of the vitamin was well

established as active for the infant and the analysis of the Vitamin in the product showed no probiem..

Ascorbic acid must be considered differently than other vitamins. Ascorbate'rs unstable m'all mfant o
formulas during batching and heat processing. It is always added as  the last ing
monitored throughout processing. It is only stable ; :
primarily by the oxidation of ascorbate. If a container is slightly penneable to oxygen it willbe r necessary to
add more ascorbate to assure adequate levels throughout self-life. If a ‘batch of formula has to be held for a
prolong period before processing a.nd packaging it will be 1 necessary to add more ascorbate before the batch'
is finished.

Infants and adults have been demonstrated to tolerate very high levels of ascorbate. It is less clear

what effect the breakdown products of ascorbate mighthave. The author’s company conducted some =

growth studies with formulas that had expenenced extensive ascorbate loss. “These studies were used to set

the maximum amounts that the plants were allowed to add to any batch. If very high levéls are going to be o

required with certain formulas it may be necessary to do growth studies with the maximum fortification
levels.

Food Additives

The FDA allows the use of food additives in foods if it has accepted it as generally recogmzed as safe
(GRAS) or if a food additive petition has been accepted by the FDA. Rarely have food additives for infant

formula received the detailed evaluations that would seem appropriate. Carrageenan is an exception to that.

The new born infant will receive a much lngher dose of a food additive per kg body wexght than will be the L \

case with any other food. This is true because infant formula is the sole source of food for the 1nfant and
because the infant has a much higher caloric requirement per ke body than older mdmduals -




Experience with a modified starch which the FDA recogmzed as GRAS may be useful to the reader Afood
scientist with the author’s company demonstrated that it was much more eﬁ'ecnve in stabilizing hydrolysate

formulas than other additives and patented the use.

It was reqmred at rather high levels to be eﬁ‘ectxve and the starch part of the addmve was a s:gmﬁcant
sources of calories, Studies with rafs ,
additive became the 1 major calonc source in the rat diet.

Addmves are generally fed at 100 times the typ1ca1 intake oz a gcr kg ‘body welght basis in safety studies.
In this case the infants would typically receive one quarter the maximum dose from the animal studies. The
additive had never been studied iri newborn animals. :

The company under took studies in’ puppies and the growth rate seemed poor. The company also studied
how the additive was metabolized i in rhe rat and found large amounts of previous unknown organic acids
were excreted in the urine, ' :

At this time a researcher studying mfant’s urines detected s1m11ar acids thhe uri £ mfants fed a '; «
competitor’s hydrolysate formula. This addmve was bemg usedin c i rmula thhout any
controlled studies in infants and certainly no  knowledge of the orgamc acids they would excrete.

Although our company did further animal studies and a few infants received expenmental formula the
company and the investigators decided to dlscontmue the study The author’s company never used the
additive in commercxal formulas because we dldn’t believe that it could be shown to be appropriate.

If a company plans to add any additive for technical or physwlogxcal effects and it has no chmcal\ o N
experience with the ingredient they should conduct at least a growth study at the level req rthe
projected effect. But before that is done there must be complete knowledge of the additive’s metabolism
and safety studies in newborn or at least young growmg animals are needed.

Additives may have impurities, potential for interaction with nutrients and may break down to products the
infant is sensitive to. Use in the general food supply or use as a nutritional 'supplement is not likely to
identify such a problem

Batching and Heat Processing

The food scientist in developing a new formulation has the objectives of the best\ ossxble appearance, taste,

smell and stability. All the essential nutrients must re | analysis. These are
severe challenges with the complex materials that the nutnnomsts want to add to the formulas.

Adverse reactions among ingredients must be avoided by controlhng the order ingredients are added
temperature, time, pH and many other factors dunng the process. leewxse avoxdance of mteracnon among
ingredients is most likely to maintain the nutritional quality of the product.

When a proposed change no matter how small and m51gmﬁcant has caused physxcal and chermcal problems,

it raises suspicion that a nutritional problem may be encountered Physxcal changes in the formula indicate
that a growth study may be needed. = ;

To prepare a batch of formula to survive heat processmg 1t is usually necessary to mcrease the pH and to
increase citrate levels to chelate calcmm and ma, “Th

emulsion. If the pH of the formula is too h1gh there will be
occurred between the carbohydrates and the protein. The color, smell and odor of severely browned
formula would be unacceptable to a parent and rmght produce nutritional problems for the infant.

e vere browning which mdlcates reactlons haye -



Changes in the batchmg process could produce mteractrons among mgredrents that comprormse the

 nutritional quality of the formula and still produce a physically acceptable product. Each proposed batching

change should be reviewed for potennal interactions of ingredients and might require a growth study.

Sterilization

v ngh temperature treatment of liquid formulas is needed to kill heat resistant spores. Th
* held to a very short time or the physrcal and nutritional quality of the product will be lost. Theheat
treatment is either in the container orin a ﬂow—through heating sysiem. Some formulas require both.

Most formulas would not tolerate significantly greater heat mput However there are t:tmes that the
sterilization process has to be modified for a change such as a new container.

If a change in sterilization results in a significantly greater heat input to the product a growth study is
needed.

- There are numierous chemxcal reacttons that can be momtored during processmg to determme ifa change in N

eatment must be

the heat process results in damage to the formula. These include destruction of vitamins, browning and the =~

production of various aldehydes and ketones.

Comparison of the F sub O values for two processes is not adequate since many nutrient interactions
proceed at temperatures well below those needed to kill bacterial spores. Slowing the preheatmg and
cooling processes in sterilization can have very adverse effects on the formula Expert analysrs of the
process is necessary to conclude that a growth study is or is not needed.

Packaging

The packaging used for infant formula should not be viewed as inert and ummportant There are matenals
that leach from properly coated steel cans. Although the levels of such materials- pose no direct risk to the
infants they might serve as catalysts for nutrient interactions that occur during sterilization and shelf life.
The surface of a can or bottle may serve as a catalyst for some reactions also.

Evidence of damage to the formula or an unusual residue in the product followmg a change in the

packaging are justification for a growth study. Expenence from the general food industry withamew ™~~~

container gives little assurance that it is appropriate for infant formula.

Plastic containers are now used for mfant formulas. These are complex structures because a !ayer in the B
plastic must block the passage of oxygen into the formula.

Materials may leach from such a structure. Oxygen will pass through to some degree Changes m formula
during shelf-life may be quite different between a steel can and a plastic can.

Heat transfer is much slower through plastic walls than through steel walls so the preheating and coohng
stages are slower in the plastic. Since plastic containers will not tolerate the high temperatures used in steel
or glass containers the sterilization stage must be at lower temperature and therefore longer time. These
processes may increase damage to the product.

Infant formulas are being aseptically processed and filled into sterilized plastic containers. This meansthat

the formula is sterilized in a flow-through system and then packaged in a chemically sterilized plastic
container. This results in much less heat damage to a formula The manufacturer must assure that any
residue in the package can not damage the product. o

Are ingredients and processes that are safe in one formula safe in all possible formulations? There is no
simple answer to that question. Every detail of a specific question must be studied before an answer is

given.



Change is very common in the infant formula industry as it is in most industries. Changes have many
advantages to the user of the product and some are produced by changes in regulations.

There are a number of new ingredients that are proposed to have significant nutritional benefits for infants.
If one of these were added to all the different infant formulas of the company the author worked for there
would have been more than 40 formulation changes. Each of the basic formulas is produced in different
forms (ready to feed, concentrated hqmd and powder) and dxfferent containers (steel cans, glass bottles,
plastic cans and plastic bottles).

For each of these formulation changes the company would study physxcal stablhty and nutrient stability for
the shelf-like of the product because even minor formula changes can alter these. If a physical growth study
were conducted for each formulation change it is hard to believe that the company would be able to find
enough qualified research teams to conduct the studies. Certamly the number of mfants and parents that
would be exposed to the i mconvemences of a study would be hard to justify.

It would be impossible to justify a growth study for each formulation so decisions must be made on how a
few growth studies will establish the safety of all the changes. These are difficult dec151ons -

It has been proposed that if a new ingredient is found to be safe i in one formula then it should be safe in all‘k‘ o

formulas. This assumes that there is no nnportance to mteracuon of ingredients, processmg and ‘the many
other differences between formulas that are discussed above.

This must be rejected. The mdustry would never accept that a new ingredient that produced no change in
physical stability of one formula could be added to all other formulas thhout physrcal stab111ty studies.
Why would nutritional quality not have a similar standard? =~ o s

There are proposals that any ingredient that has been used in any company’s formula could be used by a any
other company without growth studies. This would assume that none of the aspects of 1 processmg, ‘
sterilization and packaging that are unique to a company have importance in nutritional quality. This must
be rejected.

If these proposals were accepted it would be possible for a company with experience in food processmg but
no experience with infant formula to make a formula from a vanety of ingredients used by other compariies
in different types of formulas and put it on the market without any growth studies.

There must be a way to evaluate from a companies experience what growth studies are necessary and which
are not, out of all of the formulations that result from the addition of a new ingredient to the compames
products. It must not reject as unimportant any of the potential interactions of mgredlents and’ processes that

are listed above. This requires a detailed knowledge of all the manufactunng process in each of a companies ==

products,

The companies staff are the only people that know all details needed to prepare a proposal concerning the
need of growth studies caused by a formula change. Knowledgeable individuals outside the company would
be able to evaluate the thoroughness and the sclentlﬁc soundness of such a proposed plan.

Criterion:

The author is aware that criterion are needed to estabhsh 1f a growth study is needed. Below are a series of
steps the author has followed when faced with these decisions. It is assumed that any formula is in some
way a modification of some formula that has been adequately studied. If this is not the case thanitis
without question a new infant formula and a growth study is required.

Evaluate the chemistry of all the new materials added. Th_rs must include both the substances added for a
functional propose and materials that are carried along. It must identify potential reactions with other



ingredients and the products of any such reaction. Chemical and physical methods of analysis are used to
identify whether such reactions have occurred.

d any reaction products. If such

Evaluate the infant’s potential metabolism of the new added mat
information is not available in the literature it may require resear
be considered.

Evaluate whether the new formulation requires new batching procedures, heat processing or packaging.
Chemical and physical methods of analysis are used to look for interactions ‘between ingredients such as
reaction between carbohydrate and protein, lose of vitamins or changes in chemical state of minerals.

Evaluate all the experience the company has with well studied infant formula to determlne if any of the

“historic experience can appropriately be apphed to the new formulatlon

Identify from the literature any phy51olog1cal effects that could poss1bly be ehc1ted by the new formula that
would not be expected from commonly accepted formulas Where any such effect can be projecteda’
physical growth study is needed.

If these evaluations show that the new formulation has no ewdence for unexpected interactions among
ingredients and nutrients, unfamiliar metabolic products or physmloglcal activities, then it maybe
appropriate that a growth study is not required. One should use cautlon in dramng this conclusion.

ve ,béfore a physical growth study can



