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1. INTRODUCTION

Some patients are medically forbidden to eat orally, they must use a tube: this
is artificial enteral feeding that can be done in hospital and at home Smith & Garcia
(2011). Commercial pharmaceuticals, although they flow without too much
difficulty through the tubes, they contain many chemical additives for their
preservation and stabilization, which are relatively tolerated by the body. In
addition, in country like Cameroon, they are not always accessible to a large majority
of patients, especially for those who have to use them in the medium and long terms
because they are expensive and not available. These are the reasons why natural
foods are encouraged in enteral nutrition Bobo (2016), Drago & Galan (2014), Kaur
(2009), Walia et al. (2016). The development of enteral formulas of good nutritional
quality from local natural sources is an idea to be implemented at home to limit the
length of hospitalization and reduce overall hospital costs Ojo (2015) These
products are healthy and appreciated by those affected Fessler (2015), Phillips
(2021), Susetyowati et al. (2019), Susetyowati et al. (2022). In some parts of the
world, for economic and cultural reasons, medical staff use blenderized foods for
enteral nutrition in some hospitals (Abbott Laboratories, 2014). In Cameroon, the
need for enteral nutrition is generally felt in all hospital medical departments
(general medicine, surgery, intensive care, oncology, paediatrics, ...), and at home for
those who need to continue long-term treatment. Ready-to-use imported nutrient
solutions are used, alternating with gruels made from local foods because of their
lower cost, allowing a save of nearly 80% of the price of imported products.
Unfortunately, the gruels used, like the majority of homemade products or products
based on whole natural ingredients, lead to clog the tubes, due to their consistency,
the presence of lumps and a certain instability Bobo (2016). To this end, they are
administered by bolus, requiring the use of a syringe to force the flow, which is
manual, generates harmful side effects in the patient because the feeding rate is not
regular, and requires the permanent assistance of medical staff resulting in a loss of
time Smith & Garcia (2011). It would be very useful to intervene because they are
unsuitable in comparison to the gravity flow, the preferred administration mode,
which is less restrictive than the bolus mode and less expensive than the pump
administration. In addition, the nutritional composition of homemade products is
not controlled, requires a significant amount of handling time for preparation with
additional unit operations and presents a high risk of microbiological contamination
Fessler (2015), Mihaly et al. (2001), Vieira et al. (2018). The main problem lies in
the contradiction of the engineering parameters, namely the increase in the material
quantity to improve the nutritional value, which would tend to deteriorate the flow
rate. And vice versa, by improving the product flow rate by dilution to reduce
viscosity, which would tend to lower the nutritional value consumed. Dilution
increases the volume of the food, which would be greater than the stomach capacity.
The possible solutions to find a compromise between rheological properties and
nutritional parameters result in the choice of raw materials with technological
aptitude in relation to specific unit operations, which under appropriate conditions,
will generate a fluidification and stabilization effects on the product without
changing the material quantity or the nutritional value. Other solutions would also
be to play with the tube by modifying its delivery mechanism or maintenance. This
review will therefore consist of exploring the scientific aspects to better identify the
elements of solutions, the technical aspects to present the concrete achievements
around the enteral foods production and the administrative aspects to make an
inventory of the legal-commercial component commenting on the rules related to
these products.
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2. SCIENTIFIC REVIEW
2.1. LOCAL RAW MATERIALS USED FOR ENTERAL NUTRITION

The food intended for enteral nutrition must be fluid in order to easily flow
through the enteral tube feeding, however it must be nutritious. Generally, four
main groups of constituents are needed to cover energy and nutritional
requirements Schneider (2006): carbohydrates, fats, proteins, vitamins and mineral
salts. Given the wide variety of food resources abounding in Africa, and Cameroon
in particular, enteral formulas of good nutritional quality based on natural foods can
be developed. The carbohydrate sources used in the preparation of gruels generally
consists of cereals Belton & Taylor (2004), Ratnavathi & Chavan (2016), Tizazu et
al. (2010). Those available in Cameroon are sorghum and millet in the Adamawa,
Far-North, North and North-West regions; maize is available in all regions but much
more in the West, North, Center, Adamawa, South-West, Far-North and Littoral
MINADER (2012). Sometimes, some tubers such as cassava Osungbaro et al. (2010)
and sweet potato Obiakor-Okeke et al. (2014), Sanoussi et al. (2013), mainly
produced in the Center MINADER (2012), are used. Their production is respectively
4,858,329 tons and 1,815,246 tons FAOSTAT. (2022). Proteins generally come from
powdered milk imported in Cameroon, but also from cowpeas, soybeans and dried
beans Sanoussi et al. (2013), Shiriki et al. (2015), with a production of respectively
166,145 tons MINADER (2012), 24,195 tons, and 422,171 tons FAOSTAT. (2022) in
all regions, mainly in the Far North, West and North-West MINADER (2012).
Smoked fish and shrimp are also used as protein sources. As far as lipid coverage is
concerned, it is provided by oilseeds such as peanuts Bassey et al. (2013), Kouebou
etal. (2006), Mahmoud et al. (2014), Shiriki et al. (2015) Shiriki et al. (2015) Shiriki
etal. (2015) Shiriki et al. (2015), squash and seeds, sesames Onabanjo et al. (2009)
with production of respectively 500,000; 185,901; and 68,422 tons FAOSTAT.
(2022) in all regions mainly in the North, Far North, East, Centre, South and Littoral
MINADER (2012). Vegetable oil Mahmoud et al. (2014) is sometimes introduced as
a lipid source. Finally, the mineral and vitamin component can be covered by most
common fruits Bassey et al. (2013), Honfo et al. (2011) or by adding mineral and
vitamin supplements Kaur (2009). It should be noted, however, that the
physicochemical properties of the food will depend on the point of fall in the
digestive tract corresponding to the position of the tube. From the stomach to the
pylorus, the path becomes increasingly short. As a result, the food must be less and
less complex, therefore must have more and more simple compounds that are easily
assimilated and absorbed by the body through the tissues lining the digestive tract
for a sufficient supply of nutrients.

2.2. UNIT OPERATIONS OF FLUIDIFICATION FOR THE
NUTRIENT MIXTURES

Fluidify gruels or nutrient mixtures made from several foods need several
treatments to be are applied. Dilution is an option except that, depending on the
initial consistency, the volume to be consumed for the same amount of matter could
be greater than the gastric capacity Mouquet et al. (1998). Acid hydrolysis consists
of preferentially solubilizing the amorphous zones of starch grains by attacking the
a (1-4) terminal hemiacetal bonds. Extrusion cooking is a drastic hydro-thermal
treatment that damages the starch and causes the structural chains to break,
resulting in an instant product Treche & Mouquet-Rivier (2008). The addition of
enzymes, particularly a-amylases, would hydrolyse the starch, thus causing a rapid
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decrease in viscosity Kampstra et al. (2018). These techniques are still much more
used by manufacturers because they are still very expensive Treche & Mouquet-
Rivier (2008). Fermentation is one of the ways to fluidify gruels, but it doesn't do it
as much as sprouting Wambugu et al. (2003). The latter is the most appropriate
technique because it is less expensive and effective, which could make it possible to
design an enteral nutrition food based on local resources that will flow through the
tube Kaur (2009). Indeed, the increase in amylase and protease activities during
germination would reduce viscosity Dziedzoave et al. (2010), Elkhalifa & Bernhardt
(2010), Hassani et al. (2014). The enzymatic activities acquired during malting can
be further exploited by incubating the flour suspension under conditions of optimal
activities of synthesized enzymes Elkhalifa & Bernhardt (2010), Ick et al. (2007),
Méndez-albores et al. (2009).

Some authors have presented roasting Kaur (2009), Maka & Jiokap Nono
(2022), Ranganathan et al. (2013), grinding Cappelli et al. (2020), Kaur (2009),
cooking Ozola & Kampuse (2017) and spray drying Kaur (2009) operations as being
able to be used for the production of enteral foods. Freeze-drying can also be used
to produce instant enteral foods Fei & Xiaoha (2012) to ensure the long term
stability of the product, and its direct consumability. As gruel are prepared by
mixing the food, in powder, with water. Unfortunately, the water quality is not
always good and hygienic at the household scale Treche & Mouquet-Rivier (2008).

All these fluidification processes can be combined for a combination of effects,
but as much as there is a combination of fluidification advantages, there is also a
combination of costs. It should be noted here that the use of these operations must
be done to make the foods fluid without changing their energy consistency.

3. TECHNICAL REVIEW

This part discusses the processes used, the products obtained and the
equipment or devices developed for enteral nutrition.

3.1. ENTERAL NUTRITION: PROCESSES AND PRODUCTS

The pharmaceutical products marketed are many and varied, and generally do
not present the flow problems in the tube. They can be specific to a pathology or for
general uses.

Few works have been done on enteral nutrition products from commonly
consumed foods, whole foods, or partially processed products. Vacuum cooking
Ozola & Kampuse (2017) and high-pressure cooking Ozola et al. (2017) have been
explored in order to see the impact of their conditions on the bioactive compounds
of a juice as enteral food from blackcurrant, beetroot, pumpkin, cabbage and
Jerusalem artichoke, and whey proteins, rapeseed oil, cod liver oil, iodized salt as
ingredients. Kaur (2009) studied the influence of some unit operations conditions
on the nutritional and rheological parameters, namely the germination and grinding
of millet and beans, the roasting of soybeans, and the bursting and grinding of
amaranth seeds for the formulation of an enteral feed containing in addition to milk,
yoghurt, oil, chicken eggs, gum arabic with mineral and vitamin supplements. His
work has shown that malting is a very important operation insofar as we would like
to have enteral formulas based on natural sources that will be fluid enough to flow
through the enteral tube feeding. Other formulations were made from tempeh and
jicama flours, with soybean oil, skim milk, maltodextrin, and sugar Sutikno et al.
(2020). Other research has investigated the influence of incorporating foods such as
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rice, chocolate, tea, and banana smoothie on the bioavailability of minerals when
mixed with commercial enteral foods Drago & Galan (2014).

Commercial and patented products are generally made up of isolated,
extracted, or nearly refined compounds as ingredients. Some of them are intended
for specific clinical cases such as patients with chronic obstructive pulmonary
disease developed by Ruijie et al. (2022). Another example is an enteral nutrition
product adjusting dysbacteriosis of the intestinal tract which was obtained by
freeze-drying of some compounds by Min (2017). Chen etal. (2011) have developed
an enteral nutrition formula, stable and liquid, and its preparation process for
general medical purposes. Some emulsifying agents are formulated for enteral
feeding products Anhui Huaming Pharmaceutical CO. LTD. (2017). These stabilizers
and emulsifiers are usually synthetic chemicals or chemically modified extracted
compounds.

3.2. EQUIPMENT AND DEVICES DEVELOPED FOR ENTERAL
NUTRITION PRODUCTS

The improvement of flow in the enteral tube feeding can be played on the food
or on the tube device. The patented enteral foods do not address or very little flow
problems at all, because most ingredients have more simple molecules from isolated
or extracted compounds than long-chain polymeric molecules. However, several
enteral feeding devices are also being developed to help solve this problem, such as
high rate connection systems Russo (2022), nasal feeding tubes for enteral nutrition
with multifunctional constant temperature and automatic flush Weihong et al.
(2022), home enteral nutrition management devices Jiayiing et al. (2022) and anti-
clog function tubes Ru (2021).

Be-cooked flours, instant flours, and gruels are forms of products that can be
used for enteral nutrition. Their production equipment exists on the market at
several sales sites in various quantities and characteristics, namely sorters, steeping
tanks, sprouters or ovens, roasters, dryers (convective air, spray or freeze-drying),
degermers, shellers, mixers, grinders, sieves, incubators, cookers (water, steam, and
vacuum). However, the yield production would be different depending on the raw
materials processed since they have different characteristics. There is therefore a
lot of innovations on the design of equipments, unit operations and processes
applied to a specific food according to local materials.

Works have been done in the development of gruels and enteral foods Drago &
Galan (2014), Kaur (2009), Ozola et al. (2017), Ozola & Kampuse (2017), Sutikno et
al. (2020). But very few of them look at gruels, prepared from local foods, as food for
enteral feeding with the aim of flowing by gravity through the tube feedings.
However, fluidification processes could be optimized for this purpose.

4. LEGAL AND COMMERCIAL ASPECTS

The target population of enteral feeding products consists of people who,
depending on the clinical case, cannot, do not want to or do not have to eat orally
under medical indication. Hospitals that use liquid foods made from local foods for
enteral nutrition are open to improvements related to the flow of these products
through the tubes without deterioration in energy value, because this is the main
challenge for these foods. However, these products are subject to standards related
to devices and products.
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4.1. STANDARD DEVICES

At the international level, there are several standards such as the ISO
20695:2020 standard, related to the use of enteral nutrition systems (devices) so
that they do not compromise clinical conditions and patient safety. As well as the
ISO 80369-3, 18250-3 and 80369-1:2018 standards, which define the usable
connections between enteral tubing, enteral nutrition extenders, enteral syringes,
enteral feeding tubes and accessories, enteral nutrition containers, as well as their
use. In Cameroon, there are no special requirements. However, some instructions
must be followed depending on the authorities: the hospital's ethics committee, the
Cameroon Medical Association or the Cameroon Order of Medical Doctors, or the
Health Ministry. These instructions are completed with concepts learned in medical
schools or through onsite experience in accordance with the emergency of life
context.

4.2. STANDARD PRODUCTS

International standards for devices are product-related. In relation to the
characteristics of the food, it is specific according to pathologies and ages. However,
these characteristics are not listed in a specific standard because some foods are
adaptable and adjustable depending on the case. This is why it is preferable to
design a food in relation to the daily energy needs, then to readapt according to
restrictions, pathologies or preferential constituents according to the clinical cases.

There are no Cameroonian standards specific to enteral products. On the other
hand, the Cameroonian food standards (CN) related to the same type of product are:
the CN 43 Standard: 2014 - ICS Code 01.120 related to microbiological criteria
relating to food - inspired by the international reference CAG/GL 21 - 1997; CN
Standard 54: 2014 - ICS Code 67.180.10 for Vitamin and Mineral Supplements -
based on the ISO 12824-2016 International Reference. A current standard for infant
formula and infant formula addressed for special medical purposes - based on
International Reference CXS 72 - 1981 revised in 2006 and amended in 2017 and
2019. There are no specific standards for foods for enteral nutrition that must be
administered through tubes. In Cameroon, enteral nutrition from local sources is
not regulated by the high health authorities and not supported by the public
authorities. Decisions are therefore intrinsic to each hospital. This is why some
hospitals are reluctants about the use of commercial local products in the form of
gruels for enteral feeding. They are not convinced of the nutritional and
microbiological quality of these gruels because the imported enteral products, being
ready-to-use requiring little or no contact with tools and humans. Unlike local
enteral foods, although naturals, also require cooking related to the time-
temperature parameters, as well as water with not assured quality. For few rare
hospitals that have adopted these foods, a product must be validated at the level of
the board of directors of the institution in question to be used permanently.
Sometimes the approval of the hospital dietician can be enough to convince the use
of a food for medical purposes. Guidelines in this case are specific to each hospital.
These guidelines can be proposed in other hospitals by sharing their experience
with enteral foods made from local foods, and then passed on to the country's health
authorities, who seeing their usefulness and necessity, could contribute to the
development of a standard or integrate it into a standard close to the same type of
food.
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4.3. ETHICS CLEARANCE

Like any product, food to be marketed are subject to several rules, namely
standards. For products intended for medical purposes, they must also receive the
Administrative Authorization of Research (AAR) from the Ministry of Health
through the clearance of ethics, if clinical trials are to be carried out, according to
law No. 2022/008 of April 27, 2022, on medical research involving the human
person in Cameroon. Ethics clearance is an approach to resolve conflicts of values,
supposed or proven, between biotechnological advances and fundamental rights to
protect human dignity. It is an opinion given by the ethics body, after its approval of
the scientific value and compliance, with ethical principles of the research protocol
submitted by the sponsor or investigator. International and Cameroonian
regulations for human health research require the protection and safety of
participants during the planning and implementation of research projects. These
include: protection against the risks of exposure to research-related interventions
and interactions; rights and dignity of research participants. The procedure can last
for amonth after the application has been submitted, but may take longer depending
on the context.

5. CONCLUSIONS

To make nutrient mixtures fluid without changing the amount of material,
several unit operations can be operated under conditions as different as each other
and depending on the specificities of the raw materials. Several innovations in
equipment and devices aimed at producing food and facilitating its flow through a
tube with regard to products intended for enteral feeding, are available. On the other
hand, very few products formulated with local foods have ensured this ease of use,
focusing only on the nutritional and clinical aspects. Enteral product standards are
particularly concerned with administration procedures and not with the food itself.
A food enteral product may, however, be marketed like any other food product
without specification of its medical purposes. In this case, only agri-food standards
are required. The enteral products developed can be in two forms, liquid and instant
powder for better preservation, this to have the advantage of being "ready-to-use",
easy to use, available and less expensive because they are made from local and
natural foods with the possibility of flowing by gravity.
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