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Abstract

Due to the rapid increase in the population globally coupled with the daily increase in the demand for protein, it is needful to
source for cost-effective and readily available protein sources. The study investigated the proximate, mineral and amino acid
compositions of meat powders from two species of snails (Limicolaria aurora and Achatina fulica) that were handpicked
around Topfaith University, Mkpatak Campus in Akwa Ibom State, Nigeria. Sixty (60) land snails consisting of thirty (30)
each of Garden snails (L. aurora) and giant African land snail (A. fulica) were handpicked around Topfaith University,
Mkpatak Campus in Akwa Ibom State, Nigeria.The samples were removed from their shells, and washed with deionized water
and dilute acid. The meats were then dried at 65-70°C for 24 hours, ground into fine powder, and sieved to achieve uniformity
in particle size. Proximate, mineral and amino acid analyses were conducted. Significant differences (P < 0.05) were observed
in proximate, mineral and amino acid compositions among the meat powders of the studied snail species. Most essential amino
acids such as Leucine, histidine, lysine, arginine, threonine, valine, methionine, isoleucine and phenylalanine were present.
Proximate analysis revealed high energy, protein and carbohydrate but low fat and ash contents in the two species of snails.
Mineral analysis indicated high levels of Ca, Na, K, Mg, P, while Fe were significantly low across the two species. The high
protein and low-fat contents suggest that snail meat powder could be used as additives for food fortification to meet the

demand for protein globally.
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Introduction

Limicolaria aurora and Achatina fulica are species of land
snail belonging to the phylum—Mollusca, class—Gastropoda,
order—Stylommatophora and family—Achatinidae * 2. They
provide high-quality proteins with essential amino acids
necessary for growth, repair, and maintenance of human
health © 4. The fatty acid content of shell-bearing animals
contributes significantly to a healthy diet I 3. Differences in
the nutritional composition of land snails depend on factors
such as species, sex, feeding habits, age, and seasonal
conditions ™ & 71, Land snails are the largest invertebrates
after arthropods, which possesses diverse phenotypic traits
and habitat preferences [,

These land snails hold economic importance in Nigeria,
especially in Akwa Ibom State, where they are harvested by
hand-picking and marketed for their protein, minerals,
vitamins, and essential amino acids [* 6. Their affordability
makes them a staple protein source for both low-income
earners and wealthier individuals. Due to their cholesterol-
free meat, they have been used for the treatment of cardiac
related illnesses 1.

The method of harvesting and gathering of these land snails
involve indiscriminate hunting of the snails by hand-picking
them from the bush, field, fences and rocks all year round
but their population tends to increase rapidly during the
month of April and August in Nigeria. Their shells are
smooth with variety of beautiful colors and patterns. The
dried and powdered form of the shells can be used to
improve mineral content of animal feeds [ €,

These species of snail are found in Nigeria and other
countries in West Africa with high nutritive and
reproductive potentials, which can compete favorably with

other livestock species.®! Consumption of animal-based
protein is reduced in Nigeria due to the current economic
situation. It is therefore inevitable to improve the current
situation in Nigeria by increasing animal productivity,
especially the micro-livestock such as garden and giant
African land snails because of its efficacy in the production
of cheap and available animal-base nutrients and proteins to
her populace. There are a lot of animal-based proteins and
nutrients in animals such as clam, periwinkle and land snails
but the rate of consumption of these animals is low due to
the fact that there is paucity information about their
nutritional potentials [* 1% 11, Due to scanty literature on the
nutritional composition of these snails, this research is
therefore tailor towards evaluating the nutritional potentials
of Limicolaria aurora and Achatina fulica snails in Akwa
Ibom State, Nigeria.

Materials and methods

Experimental animals

Sixty (60) land snails consisting of thirty (30) each of
Garden snails (L. aurora) and giant African land snail (A.
fulica) were handpicked around Topfaith University,
Mkpatak Campus in Akwa lbom State, Nigeria.

Preparation of the experimental animals into dried
powder

The snails obtained for this study were processed according
to the method outlined by * 2. The snail meats were
carefully removed with the aid of stainless iron from the
shells, washed with deionized water and dilute acid that was
prepared from 1M solution in order to remove blood, slime
and any other adhering contamination, and allowed to dry,
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and weighed. The snail’s meat was dried at 65 — 70°C for 24
hours in an Oven (Model-TT-9023A Techmel and Techmel,
USA). Dried samples were milled separately into fine
powder using a manual grinder and sieved with a 0.5um
mesh size to achieve uniformity in particle size.

Amino acid analysis

The amino acid composition of the samples was determined
using the method described by 3. The samples for amino
acid analysis were dried to constant weight, defatted,
hydrolysed, evaporated in a rotary evaporator (Model 800D,
SearchTech Instruments, British Standard) and loaded into
an Amino acid analyser (Perkin and Elmer Model 403,
USA). Essential amino acid scores were computed

according to the FAO/WHO reference amino acid pattern
[49].

Proximate and mineral analysis

The proximate analyses (moisture, crude protein, fat, ash)
were analyzed by adopting the methods described in 4, The
carbohydrate content was calculated by subtracting 100
from the total of all the other proximate measurements
(Crude protein, fat, fibre and ash). The minerals (Ca, K, Na,
Mg, Fe, P, and Zn) were analyzed using an Atomic
Absorption Spectrophotometer (Model 721, Medifriend,
England) as described in 4],

Statistical analysis

The data collected were subjected to statistical analysis
using a statistical package for Social Sciences Version 18
statistical package (SPSS, Inc. USA). Analysis of Variance
(ANOVA) was done to determine significant differences at
(P < 0.05). The means were separated using the Least
Significant Difference (LSD). The mean, standard deviation
and standard errors were calculated according to [*51,

Results and discussion

Table 1: Proximate composition of Limicolaria aurora and
Achatina fulica snail’s meat powder (dry matter basis).
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Table 3: Amino acid composition of Limicolaria aurora and
Achatina fulica snail’s meat powder (Mg/100g protein)

Ami . Limicolaria |Achatina fulica
mino acid . .
aurora snail snail
Leucine (Leu)? 65.05 + 0.24% | 57.00 +1.32°
Histidine (His)? 36.00 £0.02° | 41.34+3.712
Lysine (Lys)? 48.34+2.10° | 54.12+ 1512
Arginine (Arg)? 59.23+0.20° | 67.07 +0.042
Threonine (Thr)? 17.01+4.02° | 25.01 +3.217
Valine (Val)? 43.42 +1.21% | 22.09 +2.01°
Methionine (Met)? 19.13+2.26% | 14.00 + 1.67°
Isoleucine (lle)? 50.51 +1.23* | 40.05 +4.05°
Phenylalanine (Phe)? 45.00 + 4.12% | 36.10 + 1.45P
Tyrosine (Tyr) 26.18 +1.03% | 23.04 £ 0.05°
Cystine (Cys) 6.12+2.13° 9.87 £1.42°
Alanine (Ala) 37.04 +1.20* | 29.00 +2.10°
Glycine (Gly) 49.00 £ 0.07° | 54.07 + 1.412
Proline (Pro) 42.23+1.67% | 31.34+2.13"
Glutamic acid (Glu) 13.60 +2.10° | 96.04 +1.30?
Serine (Ser) 38.10 £ 1.67% | 32.00 +2.03"
Aspartic Acid (Asp) 78.24 +1.34% | 71.00 + 1.09°
Total Amino Acid (TAA) 674.20 £0.48° | 703.14 + 2.64°
Total Essential Amino Acid
(TEAA)
With Histidine 383.69 + 0.48% | 356.78 + 2.64°
No Histidine 347.69 + 0.46% | 315.44 + 1.07°

. . .. | Achatina fulica

Parameters Limicolaria aurora snail snail
Moisture (%) 70.34 +1.622 5.00 +0.03°
Crude protein (%) 50.48 + 0.50° 63.10 + 1.422
Crude fat (%) 10.00 £0.392 3.47 £0.76°
Carbohydrate (%) 26.50 + 1.92° 28.10 + 1.40°
Ash (%) 12.00 £ 0.612 3.10 + 0.06°
Energy (Kcal/100g) 475.42 + 1.76P 1615 + 1.61°

® Means on the same row with different superscripts are

significantly different at (P < 0.05)

Table 2: Mineral content of Limicolaria aurora and Achatina

fulica snail’s meat powder (Mg/100g)

Parameters| Limicolaria aurora snail | Achatina fulica snail

Ca 403.00 + 1.23° 415.00 + 4.10?
Na 180.00 +£ 0.472 81.43 +£0.81°

K 523.01 £1.23? 115.04 + 5.04°
Mg 765.10 £ 2.10? 305.02 + 1.34°

P 632.02 + 3.03? 69.10 + 0.06°

Zn 281.01 +0.512 6.00 + 2.10°

Fe 4,78 +3.14° 24,21 £0.232

®Means on the same row with different superscripts are

significantly different at (P < 0.05)

dMeans on the same row with different superscripts are
significantly different at (P< 0.05). Abbreviations: TAA = Total
Amino Acid; TEAA = Total Essential Amino Acid. The
superscripts “a” on the amino acids indicate Essential Amino
Acids

Proximate composition of Limicolaria aurora and
Achatina fulica snails

The proximate composition of the meat powder derived
from the edible portions of the two snail’s species is detailed
in Table 1. Significant variations (P < 0.05) were observed
in the proximate composition among the studied snail’s
species.

The predominant organic constituent of the meat powders
derived from the two snail’s species was protein. Achatina
fulica exhibited the highest protein content at 63.10%,
significantly differing (P < 0.05) from Limicolaria aurora
species.

This significant variation recorded in this study is likely
attributed to differences in species, locations, physical and
other environmental factors such as temperature, given that
gastropods are ectothermic animals * & 181, This finding is in
tandem with previous reports by . Which highlighted the
influence of climate, location, and dietary variables on the
physiology of gastropods. Similar variations in proximate
composition within and between species of mollusks were
also reported by ™ %1 and among different species of
gastropods [ 181,

Protein content was generally higher (63.10%) in Achatina
fulica snail compared to the value 50.48% obtained for
Limicolaria aurora snail. The protein levels observed for
Achatina fulica in this study fell within the range of 62.56%
as reported by 1 for the same species of snail, also the
protein concentration in the Limicolaria aurora was lower
than the value of 66.76% reported by 3 but was in line
with the value of 51.40% as reported by 2%,

The crude protein value compares favourably with values
reported by 2% for rock snail (Thais coronata) (58.48%),
land snails (Achatina achatina, 72.10% and Archachatina
marginata, 84.80%) by [, Periwinkle species (T. fuscatus,
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47.01% and P. aurita, 52.12%) by, crayfish (Puramonetes
variuns, 69.5 g/100 g)by™, clam (Egreria radiata, 61.00
g/100 g) and whole hen’s egg (50.00 g/ 100 g) by 231
Proteins serve as major components and sources of amino
acids in our diets, enhancing growth, development, and
maintenance of living systems 4. The observed high protein
concentration in these two snail species suggests their
nutritional potential and that their meat powders could be
incorporated for fortifying carbohydrate-based diets, so as
address the issue of protein-energy malnutrition among the
populace. Hence, these two snail species which is easy to
come by, can provide as much dietary protein as the more
costly chicken egg.

The fat content recorded in this study differed significantly
(P < 0.05) between the two snail species, with Limicolaria
aurora species recording the highest fat level of 10%, while
A. fulica recorded the least value of 3.47% fat respectively.
The fat levels recorded in this study for L. aurora snail was
higher that the values of 9.70g/100g for L. aurora by [,
3.19% for Thais coronata by ?4, 6.20% for A. achatina,
4.40% for A. marginata, 4.00% for T. fuscatus, 3.02% for P.
aurita respectively by . Conversely, the fat content of meat
powder obtained for A. fulica in this study was lower than
6.31% (T. fuscatus) and 6.73% (P. aurita) reported by 24,
and 7.68% (T. fuscatus) by 2. The low-fat content observed
in this study for the two snail species suggests that they can
be wused for the treatment of hypertension and
arteriosclerosis by incorporating meat powder into diets for
consumption 251,

The carbohydrate concentration of the meat powder from A.
fulica gastropod species were significantly (P < 0.05)
differed from that of L. aurora. A. fulica species exhibited
the highest carbohydrate concentration at 28.10%, while L.
aurora species had 26.50%. This high carbohydrate
concentration obtained in this study for A. fulica species is
in line with the value of 27.29% report of I for the same
species of snail, but lower than those reported by [ for T.
fuscatus (35.12%) and P. Aurita (34.02%). This high level
of carbohydrate concentration in A. fulica species in this
study suggests that the A. fulica has ample hydrogen,
oxygen, and carbon for carbohydrate synthesis, which fuels
their muscular movement and regulates body temperature.
The ash concentration in this study was significantly (P <
0.05) higher L. aurora species 12.00% compared to A. fulica
species with ash concentration of 3.10%. This high content
of ash observed in this study for L. aurora species was not
in agreement with the results of 4.10% obtained by 2! for
the same species of snail. On the other hand, the results of
ash content obtained in this study for A. fulica were in
agreement with those reported by [ where they reported
the value of 3.00% ash concentration for A. fulica species of
snail. This differences in ash concentration obtained for this
two snail species may be due to differences in breed. The
ash content serves as a vital indicator of the nutritional value
and processing of food items. Higher ash content is typically
associated with processed foods compared to natural foods
with lower ash content. More so, ash content provides
insight into the inorganic concentration of a sample and the
origin of mineral elements. The elevated ash content
observed in the meat powders of L. aurora species in this
study suggests a high concentration of mineral elements,
indicative of processed foods.

Moisture in a sample is an indication of how long that
sample can be stored. The percentage of moisture attained
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was high in L. aurora species (70.34%) than in A. fulica
(5.00%). This means that dried snail meat, when well
packaged, can be kept for a significant period. The energy
values obtained were high for the two snail species (1615
Kcal/100g for A. fulica and 475.42Kcal/100g for L. aurora
species) and differ from each other significantly. The higher
energy value suggests that the two-snail meat can offer
substantial calories in human nutrition. Energy value of
1611.44KJ/100g was reported by 1 for A. fulica meat and
478.35Kcal/100g for L. aurora meat by 2! respectively.

Mineral content in Limicolaria aurora and Achatina
fulica meat powder

The mineral content analysis of L. aurora and A. fulica
species revealed varying quantities of all analyzed minerals
in the meat powders, with significant differences (P < 0.05)
observed among the two snail species (Table 2). Among the
minerals analyzed, include; calcium, sodium, potassium,
magnesium, phosphorus, zinc and iron respectively.
Magnesium exhibited the highest concentration among all
the mineral analyzed, with L. aurora species recording the
highest amount at 765.10mg/100g, while iron showed the
lowest concentration at 4.78mg/100g for the same species.
On the other hand, calcium was recorded the highest
415.00mg/100g concentration among all the mineral
analyzed for A. fulica species, while the least zinc-value of
6.00mg/100g was recorded for the same species of snail.
Contrary to the typical low calcium content of meats, as
reported by 1, ranging from 9 to 11mg/100g, this study
found a notable presence of calcium in the two snail species
analyzed. The value of calcium 415.00mg/100g obtained in
this study for A. fulica species of snail was higher than the
value of 402.29mg/100g reported by 9 for the same snail
species. However, the value 403.00mg/100g calcium
recorded in this study for L. aurora was higher than
1.139/100 reported by [81 for the same species. High
calcium content of 780mg/100g in A. fulica was also
reported by 27, while 28! recorded 750mg/100g of calcium
in H. pomatia from the Cukurova region of Turkey. This
differences in the calcium composition may be due to the
type of feed fed by the snails in the wild. Compared to other
animal products like milk (120mg/100g), eggs (54mg/100g),
liver (6mg/100g), and beef (7mg/100g), which have lower
calcium  concentrations,  gastropods  exhibit  high
concentration of calcium content %1, Given the importance
of calcium in bone and teeth development during infancy
and childhood, it is suggested that inclusion of these
powdered snail meat into diets for infants, will contribute
significantly to their calcium intake [ 30,

The sodium concentration obtained for L. aurora and A.
fulica species of snail were significantly (P< 0.05) differ
from one another, with the highest value 180.00mg/100g
recorded for L. aurora species, while 81.43mg/100g was for
A. fulica species. This result obtained in this study for the
both species were higher than the reports of 1% 261 for L,
aurora 2.32mg/100g and A. fulica 73.38mg/100g
respectively. This difference may be due the differences in
breed of the snail and the type of diet consumed by the
snails in the wild. Sodium is needed in our bodies to balance
the amount and distribution of water, also played a key role
in the control of our blood pressure. More so, sodium is also
important to help our muscles and heart contract and to
allow our nerve cells to carry messages (nerve impulses)
between the brain and the body BY. These two snail species
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are good source of sodium; hence consumption of the meat
will increase the amount of sodium in our bodies.

There was a significant (P < 0.05) difference in potassium
content between the two species of snail studied (Table 2).
L. aurora species recorded the highest 523.01mg/100g
against 115.04mg/100g recorded for A. fulica species in this
study. The result obtained in this study were higher than the
reports of % 261 for L. aurora 2.23mg/100g and A. fulica
111.02mg/100g respectively. This high concentration of
potassium in the two snail species suggests that they could
be used to treat high blood pressure, also increases
vasodilation and urinary sodium excretion, which in turn
reduces plasma volume; this effect may be more
pronounced in salt-sensitives individuals [32 33341,
Magnesium was the mineral with the highest concentration
among the minerals found in the meat powder of L. aurora
snail species but second after calcium among the mineral
found in A. fulica snail meat powder studied. There was a
significant (P < 0.05) difference in magnesium content
between the two species of snail studied (Table 2). The
values obtained in this study were higher than those reported
by 1, where they recorded 301.20mg/100g for A. fulica and
304.62mg/100g for A. achatina. However, the results were
higher than those reported by 261 where they recorded
0.28mg/100g for L. aurora species of snail. This difference
may be due the differences in breed of the snail and the type
of diet consumed by the snails in the wild. Magnesium is an
essential mineral for human nutrition, it is needed for more
than 300 biochemical reactions in the body. It helps to
maintain normal nerve and muscle function, supports a
healthy immune system, keeps the heartbeat steady, and
helps bones remain strong. It also helps adjust blood glucose
levels. It aids in the production of energy and protein 5],
Hence, consumption of these snails will help to boost the
amount of magnesium in our bodies due to its importance.
The phosphorus concentration ranged from 632.02mg/100g
to 69.10mg/100g in this study, with L. aurora exhibiting the
highest phosphorus content than A. fulica (Table 2). There
was a significant (P < 0.05) difference in the level of
phosphorus in the meat powder among the two snail species
studied. These results were higher than the values of
0.15mg/100g and 61.29mg/100g that were reported by 12 26
for L. aurora and A. fulica snails respectively. Phosphorus is
also a component of teeth and bones, similar to calcium,
with approximately 85% of phosphorus found in bones 361,
The phosphorus concentration in milk, beef, liver, and eggs
was reported by 9 to be 95mg/100g, 156mg/100g,
313mg/100g, and 218mg/100g, respectively. Comparing the
results obtained in this study for phosphorus shows that L.
aurora snail species is a good source of phosphorus unlike
A. fulica snail.

Zinc was found in significant concentrations in the two meat
samples studied, with L. aurora exhibiting the highest level
(281.01mg/100g), while the lowest value (6.00mg/100g) of
Zn was recorded for A. fulica species. There was a
significant (P < 0.05) difference in zinc concentration
between the two snail species studied. These findings were
consistent with the reports of [, where they obtained Zn
values of 5.81mg/100g and 6.28mg/100g for A. fulica and A.
achatina, respectively. However, the Zn contents in this
study were higher than the values (3.08mg/100g and
2.64mg/100g) for T. fuscatus and P. aurita species,
respectively, recorded by [?2. This difference may be due
the differences in breed of the snail, genetic constitution and
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the type of diet consumed by the snails in the wild. Zinc
plays a crucial role in dark adaptation and night vision in the
human system [37: 381, |t is also essential for the production of
nucleic acids (DNA and RNA), proteins, insulin hormones,
and the normal functioning of the immune system and
enzyme activation [,

The iron (Fe) content was higher in A. fulica
(24.21mg/100g) than in L. aurora species (4.78mg/100g) in
this study [*°1. Reported Fe concentrations of 26.64mg/100g
for A. fulica, which were slightly higher than the results
obtained in this study. This difference may be due the
differences in breed of the snail, genetic constitution and the
type of diet consumed by the snails in the wild. Iron is an
important mineral for the formation of the heme molecule in
hemoglobin, which carries oxygen in the bloodstream to
different parts of the body. Sufficient iron intake in the diet
is essential for reducing the incidence of iron deficiency
anemia, especially in young children [0 Based on the
findings of this study, it is suggested that these two snail’s
species should be included in the diets of children due to
their high iron content.

Amino acid composition of Limicolaria aurora and
Achatina fulica snail’s meat powder

The results of the total amino acid composition of L. aurora
and A. fulica meat powders was 674.20mg/100g protein and
703.14mg/100g protein, respectively, as summarized in
Table 3. There was a significant (P < 0.05) difference in the
amino acids content between the two species of snail studied
(Table 3). Aspartic acid and Glutamic acid were the highest
contributors to the total amino acid content for L. aurora
snail and A. fulica snail respectively. For L. aurora and A.
fulica meat powders, the total essential amino acids with
Histidine were 383.69mg/100g protein and 356.78mg/100g
protein, respectively. Without Histidine, the total essential
amino acids for the same species of snails were
347.69mg/100g protein and 315.44mg/100g protein,
respectively, with leucine making the major contribution for
L. aurora snail while arginine contributed majorly for A.
fulica snail sample. Threonine was the least contributor to
the essential amino acids for L. aurora snail while
Methionine was the least contributor to the essential amino
acids A. fulica snail sample.

Amino acids function as the building blocks of proteins,
important for growth and development > 481 In the meat
powder (edible portions) of L. aurora and A. fulica snails,
seventeen amino acids were identified, showing variations
in individual, total, and essential amino acids among the two
snail species studied [* 22 42431,

The higher concentrations of amino acids like Lys, Asp,
Arg, Ser, and lle in Limicolaria that was observed by [
were also recorded in this study compared to A. fulica snail,
despite the smaller size of the species. Variations in amino
acid quantity within and between different species of snails
have been observed by different researchers to be influenced
by factors such as size, species, geographical location, and
seasonal conditions [4],

Amino acids play essential functions in normal growth and
development, with essential amino acids obtained from
foods is needed to promote normal growth and maintenance
of nitrogen balance. Their absence in foods may impair
tissue growth and repair [* 22 %%l The essential amino acid
composition in this study differs from the report of 1281, with
leucine being the highest contributor to total essential amino
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acids for L. aurora snail 2, Reported lysine as the major
contributor from Limicoralia species to essential amino
acids. On the other hand, the high contribution of arginine to
essential amino acid from A. fulica snail recorded in this
study is in line with the report of 1“4 but differ from the
report of 61 where they recorded threonine as the major
contributor to essential amino acid.

A comparison of the essential amino acid content in this
study with the 9] reference values indicated that most of the
amino acids met the recommended range for infants and
adults, and were significantly higher than the recommended
amounts for pre-school and school children. & 42 attributed
the availability of these amino acids to the lack of fibre and
anti-nutritional properties in the samples. The high
concentration of lysine recorded in this study for the two
snail species aligns with previous works by 2, suggesting
its efficacy for fortifying maize food products used for
weaning children in some countries.

Furthermore, this research revealed that the two snail
species were rich in histidine and arginine amino acids,
which are important for children, as reported by [ 47 48. 49,
These findings indicate that the protein in L. aurora and A.
fulica meat powders is of very high quality, with balanced
essential amino acids suitable for food supplementation and
fortification purposes.

Conclusion

The study showed significant variations in proximate
composition, mineral content and amino acid concentration
between the meat powders derived from L. aurora and A.
fulica. These snail species exhibited high protein content
and low-fat content. The essential amino acids identified in
the study met the recommended ranges by FAO/WHO for
both children aged 2 to 5 years and adults. Due to this low
fat and high protein concentrations in the meat powders of
these snail species, they can serve as valuable dietary
supplements. However, the low-fat concentration suggests
their potential use as additives in diets for individuals with
hypertension and other fat related disorders. Strategically
incorporating these meat powders into diet supplementation,
fortifications, formulations, and development efforts can
effectively leverage these affordable, nutritious, and natural
sources of meat protein.

Significance statement

Significant differences were observed in proximate, mineral
and amino acid compositions among the meat powders of
the studied snail species. Most essential amino acids such as
leucine, histidine, lysine, arginine, threonine, valine,
methionine, isoleucine and phenylalanine were present.
Proximate analysis revealed high energy, protein and
carbohydrate but low fat and ash contents in the two species
of snails. Mineral analysis indicated high levels of Ca, Na,
K, Mg, P, while Fe were significantly low across the two
species. The high protein and low-fat contents suggest that
snail meat powder could be used as additives for food
fortification to meet the demand for protein globally.
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