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ABSTRACT

Horse gram (Macrotyloma uniflorum) is a drought-hardy pulse that is eaten in many dry

regions of South Asia and is valued for its protein and its traditional use as a cheap food, yet it

is also known for being hard to cook and for carrying a heavy load of antinutritional factors.

This narrative review asks what the published literature says about how soaking, dehulling,

germination, cooking, roasting, fermentation and combinations of these affect the main

antinutrients, namely protease inhibitors, phytic acid, polyphenols and tannins, lectins,

flatulence-causing oligosaccharides and oxalate. It draws on work on horse gram where that

exists and on better-studied pulses where it does not, and it reports no new data. Heat and

germination act on different factors, dehulling removes mostly the compounds held in the

seed coat, and leaching depends as much on water volume and temperature as on time. A

reduction in one factor frequently comes with a loss of something worth keeping, and the

polyphenols that lower mineral absorption are the same ones credited with antioxidant

activity. Studies of horse gram vary in cultivar, method and units, and few measure absorption

in people, so a lower laboratory value is not the same as a better-nourished eater. The review

concludes that sequences of simple household steps are the most defensible approach and sets

out what a comparable study of processing should report.
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1. Introduction

Horse gram, Macrotyloma uniflorum, is a

small, hard-seeded pulse grown on poor

soils with little water, and it has long been

eaten by farming households in dry parts

of South Asia (1, 2). It rarely appears in the

foods that urban consumers think of as

pulses. It is cooked as a whole-seed dish, a

soup or a ground flour, and it is often

associated with cheap, plain eating. That

reputation understates a seed that is rich in

protein and carries a good deal of phenolic

material (3, 4).
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The same seed is not easy to eat well. Like

most pulses it carries compounds that

interfere with digestion or with the

absorption of minerals, and these are

usually grouped as antinutritional factors

(5, 6). The group includes protease

inhibitors, phytic acid, polyphenols and

tannins, lectins, oligosaccharides that

ferment in the large bowel, and oxalate.

None of these is peculiar to horse gram,

but the seed coat of horse gram is thick and

strongly coloured, and the cooking time is

long, so processing matters more for it than

for many softer pulses.

Households have always dealt with this by

doing something to the seed before it

reaches the pot: soaking it, splitting or

dehulling it, letting it sprout, roasting it,

fermenting a batter. The question this

review asks is what published work can

tell us about what each of those steps does

to the antinutrients, and what it costs in

other nutrients. We report no local data;

the title refers to processing methods in

general, and the evidence is drawn from

the published literature on horse gram

where it exists and on related pulses where

it does not. The aim is a fair account of

what is known and what is only repeated.

The article is a narrative review, and it

says so plainly. It does not claim a

systematic search, and it avoids quoting

figures from individual experiments that

we could not check against their primary

papers. What it offers instead is a

structured reading of how the main

processing steps behave, where the

evidence is thin, and what a study would

need to report to be useful to the next

reader.

2. Literature Review

2.1 Horse Gram as a Food Crop

The older reviews of horse gram describe a

crop of marginal land that supplies protein

and minerals to households with few

alternatives, and they note its use as a

fodder as well as a food (1). It belongs to

the wider group of underutilised legumes

whose nutritional potential has been

argued for much more often than it has

been measured (2). Pulses in general

supply protein, fibre and a range of

micronutrients, and they are valued for

their place in diets where animal foods are

costly (7, 8), and their proteins have

attracted interest in their own right (9).

Work on the phenolic content of horse

gram has grown in recent years, much of it

from an interest in antioxidant activity.

Extracts of the seed show marked

free-radical-scavenging activity in

laboratory assays (3), the phenolic

compounds are unevenly spread across the

milled fractions of the seed (10), and

comparisons across commonly eaten

Indian legumes place horse gram among

the more active (4). Those papers are about

benefit, and the wider phytochemical

literature on pulses frames the same

compounds as health-relevant (11). The

nutritional literature reads the same

compounds as a cost, because phenolics

can bind protein and iron (12, 13). Holding

both readings at once is the central

difficulty of this topic.

2.2 What the Antinutritional Factors
Are

Protease inhibitors are small proteins that

block trypsin and chymotrypsin. The

soybean literature distinguishes a Kunitz

type, which is relatively heat-labile, from a

Bowman�Birk type, which is more stable

to heat (14, 15). Reviews of antinutrients

in food proteins link such inhibitors to

reduced protein digestibility and to lower

availability of amino acids (5, 16). Lectins,

which bind to sugars on the intestinal

lining, add to the concern when pulses are

eaten raw or undercooked (6).

Phytic acid is the main store of phosphorus

in the seed, and it binds iron, zinc and
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calcium in the gut so that less of each is

taken up (17, 18). Trials of iron absorption

in people showed that phytate inhibits

absorption in a dose-dependent way and

that the more highly phosphorylated forms

are the most inhibitory (19, 20). Zinc,

copper and manganese are affected in a

similar fashion (21), which matters most in

diets where pulses and cereals supply most

of the minerals. Table 1 lists the factors

discussed in this review, where in the seed

each sits, and the concern attached to it.

Table 1. Main antinutritional factors of horse
gram and why they matter.

Factor
Main

location

Nutritional

concern

Protease

inhibitors
Cotyledon

Impaired protein

digestion (5, 16)

Phytic acid
Cotyledon

and embryo

Binds iron, zinc,

calcium (17, 18)

Polyphenols,

tannins
Seed coat

Bind protein and

iron (12, 13)

Lectins Cotyledon
Gut irritation if

raw (6)

Oligosaccharides Cotyledon Flatulence (8)

Oxalate Throughout
Binds calcium

(22)

Note: Qualitative summary. Amounts differ between

cultivars and growing conditions, so no values are

given. Locations indicate where each factor is chiefly

concentrated, not an exclusive site.

Polyphenols and tannins sit mainly in the

seed coat and give dark-coated pulses their

colour. They bind proteins and digestive

enzymes, and they bind iron in ways that

depend on their structure (12, 13). The

oligosaccharides of the raffinose family are

not digested in the small intestine and are

fermented in the colon, which is the reason

pulses cause flatulence (8). Oxalate binds

calcium and is of particular interest where

kidney stones are a concern (22). The seed

itself has a further property that is not

chemical: horse gram is hard to soften, and

the long cooking it needs is part of the

practical problem (23).

2.3 Processing in Household and
Small-Scale Practice

Reviews of traditional food preparation

argue that soaking, germination and

fermentation are, in effect, low-cost ways

of improving the mineral value of

plant-based diets (24, 25). The

mechanisms differ. Soaking lets

endogenous enzymes and water-soluble

compounds act and move, germination

activates the seed�s own phytase, and

fermentation brings in microbial enzymes

(26, 27). Heat acts on the proteins, which

is why it works on inhibitors and lectins

but barely touches phytate (28, 29).

A review of another underutilised legume

describes the same household methods and

the same trade-offs (30). Dehulling is a

different kind of step, since it removes

material instead of altering it. Because

tannins and many polyphenols are

concentrated in the seed coat, removing the

coat lowers them, but it also removes fibre

and some minerals (31, 32). For a pulse

with a coat as pigmented as that of horse

gram the trade-off is not trivial, and it is a

good example of why a lower value on one

assay is not by itself a verdict on a method.

2.4 Mineral Absorption and What
Counts as Success

The purpose of reducing an antinutrient is

to improve what the body gets, and that is

a claim about absorption, not about a

laboratory assay. Work on iron has shown

that degrading phytate can raise

absorption, though how much depends on

the rest of the meal (33, 34). The presence

of ascorbic acid, for example, offsets some

of the inhibition (19). A pulse with less

phytate on paper may therefore contribute

little more iron in practice if it is eaten with

tea or without a source of vitamin C.

The wider mineral literature makes a

similar point. Reviews of mineral

bioavailability from legumes show that

composition and absorption are linked only
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loosely (35), and that vegetable protein

sources differ in how they affect trace

elements (18). We take from this a simple

rule for reading the literature on horse

gram: a processing study without some

measure of function, whether digestibility

or mineral uptake, has told us what

happened to a compound and not what

happened to the eater. Read this way, a

small change in a laboratory value is not

evidence of a nutritional gain.

3. Materials and Methods

3.1 Scope and Question

The review asks one question in two parts.

Which processing methods are reported to

lower the main antinutritional factors in

horse gram and comparable pulses, and

what do they cost in other nutrients and in

practical effort? We divided it into

sub-questions that a study of processing

would have to answer: which factor was

measured and how, how the seed was

prepared and in what units the result is

given, whether the processing water and

the discarded fractions were analysed, and

whether any measure of digestibility or

mineral absorption was included.

3.2 Literature Assembly

The review draws on published,

peer-reviewed work in four areas: the

composition and phenolics of horse gram;

the chemistry and nutritional significance

of antinutrients; studies of soaking,

dehulling, germination, thermal treatment

and fermentation in pulses; and work on

mineral and protein availability. Sources

were chosen for relevance, standing in the

field and clarity of method. Studies of

other pulses are used for what they show

about mechanism and limits and are not

offered as evidence of an effect in horse

gram.

We did not run a formal systematic search

and we do not claim one. This is a

narrative synthesis, and the choice of

sources reflects the authors� judgement.

3.3 Appraisal Framework

To decide how far a report can be trusted

we used four questions. Is the factor

measured by a method that captures the

compound of concern, or only a related

one (36)? Are the results stated per unit of

dry matter, so that loss of soluble solids is

not mistaken for destruction of the

antinutrient? Is the cultivar named, so that

variety is not confused with method (2)?

And is there any functional outcome

beyond the assay (16, 34)? Table 3 sets out

the gaps these questions tend to expose and

what would close them.

Table 3. Common gaps in studies of processing
and antinutrients, with remedies.

Gap Consequence Remedy

Units not

stated

Cannot compare

studies

Dry-matter basis

throughout

Cultivar not

named

Variety mixed

with method (2)

Report cultivar

and origin

Only one

assay

Misses related

compounds (36)

Pair chemistry

with function

No

absorption

data

Lower value,

unknown benefit

(24, 34)

Measure mineral

uptake

Soak water

discarded

unmeasured

Loss mistaken for

destruction (35)

Analyse the water

as well

Single

method only

Real kitchens use

sequences (24)
Test sequences

Note: Gaps are those discussed in the cited literature;

they are not attributed to any single study.

4. Results

4.1 Soaking and Dehulling

Soaking is the cheapest step and the most

widely used. It softens the seed, lets

soluble compounds leach into the water,

and gives endogenous phytase a chance to

act, so some phytate, some oligosaccharide

and some polyphenol are usually lost (26,

37). How much depends on the volume

and temperature of the water, on the time,
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and on whether the soak water is thrown

away; if it is kept and cooked with the

seed, much of what leached out is eaten

again (38, 39). Table 2 summarises this

and the other methods. A seed that has

been given time to hydrate behaves

differently from one that has not.

Table 2. Processing methods and the direction of
effect reported for pulses.

Method
Factors usually

lowered
Common caveat

Soaking

Phytate,

oligosaccharides,

some tannin (26,

37)

Soak water

carries solutes

away

Dehulling

Seed coat

polyphenols (31,

32)

Loses fibre and

minerals

Germination

Phytate,

inhibitors,

oligosaccharides

(40, 41)

Depends on

duration,

temperature

Boiling,

pressure

cooking

Inhibitors, lectins

(28, 39)

Leaching, heat

damage to

protein

Roasting,

extrusion

Inhibitors, lectins

(29, 42)

Little effect on

phytate

Fermentation

Phytate,

oligosaccharides

(27, 43)

Needs control of

the culture

Note: Directions summarise the cited literature and are

not specific to one cultivar; magnitude depends on

conditions.

Dehulling removes the coat, and with it

most of the tannins and a portion of the

polyphenols held there (31, 32). In horse

gram, where phenolic compounds are

distributed unevenly among milled

fractions (10), dehulling should be

expected to lower them noticeably. The

cost is that the coat also holds fibre and

minerals, and the cotyledon, where phytate

and inhibitors sit, is untouched. A dehulled

seed is thus lower in tannin but not in

phytate, protease inhibitor or lectin, and

the choice to dehull is a decision about

polyphenols rather than about antinutrients

in general. This is why the same pulse can

look excellent in one report and

unremarkable in the next.

Figure 1. Where the main antinutritional factors sit

in the seed and what each does (schematic, not

data).

This difference in location is what Figure 1

tries to capture. Factors in the coat respond

to physical removal and to leaching,

whereas factors in the cotyledon respond

to enzymes, to heat and to fermentation.

The sections that follow can be read as a

sequence of tools, each with a different

reach.

4.2 Germination and Fermentation

Germination is the step with the widest

effect reported for pulses. Studies on

beans, lentils, peas and chickpeas describe

decreases in phytic acid, in some phenolic

fractions and in oligosaccharides as the

seed begins to sprout (40, 41), and work on

a range of seeds links this to rising phytase

activity during soaking and germination

(26). The same studies are cautious about

generalising: the outcome depends on the

temperature, the duration, whether light is

allowed in and which species is under test

(32).

Fermentation works through microbial

enzymes and acids. Natural fermentation

of beans lowered several antinutrients and,

in the same study, changed other
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constituents that nutritionists value (43).

Fermented cereal and legume foods in

Africa and Asia show how a mixed culture

can serve a household cheaply, and also

how variable the result is when the culture

is not controlled (27). For horse gram the

practical form is a fermented batter or

flour, and we found no study that we could

cite with confidence that measures its

effect on the seed�s antinutrients directly.

Reviews of this kind are more useful when

they say where the evidence stops than

when they smooth it over.

4.3 Thermal Treatment

Heat is the most reliable way to deal with

protease inhibitors and lectins, and it is

also where the processing literature is most

consistent. Boiling, steaming, autoclaving

and pressure cooking reduced inhibitor

activity in food legumes (28, 39), while

extrusion and conventional cooking

compared on peas and on faba and kidney

beans gave different degrees of

inactivation depending on conditions (29,

42). The Bowman�Birk type is more

resistant than the Kunitz type, so cooking

until the seed is merely edible need not

remove everything (14, 15).

Heat does less for phytate, which is stable,

and what is lost during cooking is usually

lost into the water (28, 38). It does

something for polyphenols too, although

the direction is not uniform: boiling and

steaming of cool-season legumes changed

total phenolics and antioxidant activity in

ways that depended on the species and the

method (37). Dry heat, as in roasting,

inactivates inhibitors and lectins without

leaching anything away, but it leaves

phytate in place and can damage protein if

pushed too far. Reports on lentils

emphasise that cooking and dehulling

together alter composition in ways that no

single value captures (31). Such losses are

small individually, but they add up across a

meal and across a season.

Cooking also bears on how horse gram is

actually used. Because the seed is hard, a

cook will often boil for a long time or

pressure-cook it, and in either case the heat

treatment is already doing the work needed

for inhibitors and lectins. This is a reason

to doubt claims that cooked horse gram is

nutritionally risky from protease inhibitors

alone. It is not a reason to ignore phytate,

tannin or oxalate, which survive.

Figure 2. Qualitative matrix of processing methods

against antinutritional factors (schematic, not data).

Figure 2 puts the effects side by side in a

qualitative way. The pattern is that each

method has a home turf, and that none

covers all the factors, which is why

sequences matter more than any single

step.

4.4 Combinations and Sequences

Real kitchens do not apply one method.

Soaking is followed by cooking, dehulling

by roasting, germination by drying and

grinding. Studies that test combinations

generally find that the combination does

better than any one step on the factors that

the steps address separately (24, 32). A

sequence that soaks and discards the water,

allows a short germination and then cooks

until soft addresses the coat, the cotyledon

and the heat-labile proteins in turn

(Figure 3). Whether the extra effort pays
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for itself in nutrition is a different question,

and it is the one that most reports leave

unanswered. Nothing in this reading

argues against processing; it argues for

measuring what the processing does.

Figure 3. Simple decision sequence for combining

household steps (schematic, not data).

Two caveats attach to this. First, the

benefit of any reduction depends on the

rest of the diet, since a meal taken with a

source of ascorbic acid inhibits iron uptake

less than one taken without (19, 34).

Second, the polyphenols that are removed

along with the coat are the compounds

credited with antioxidant activity, and

removing them to improve mineral uptake

means giving up that benefit (3, 4). Neither

caveat argues against processing; both

argue for being specific about what the

processing is meant to achieve. That is a

modest conclusion, and it is the one the

evidence will bear.

5. Discussion

5.1 Interpretation and Practical
Reading

The main finding is a conditional one. Heat

and germination act on different

antinutrients, dehulling acts on the coat,

and the cheap step of soaking helps a little

with several. A sequence of simple steps is

therefore more defensible than reliance on

one, and it can be done in a household

kitchen.

The trade-off between antinutrient and

antioxidant is the least comfortable result.

A compound that lowers iron uptake in a

meal can, in another context, be a useful

antioxidant, and the evidence does not let

us say which effect dominates in people

(12, 13). Where mineral intake is the

concern, as in diets low in animal foods,

lowering the inhibitory compounds is

sensible; where the diet is adequate, there

is less reason to strip the seed. A cook

reading a laboratory paper wants one

thing: will this change what ends up on the

plate?

5.2 Limitations

The evidence base has real weaknesses.

Horse gram has been studied far less than

soybean, common bean or chickpea, so

much of what we say is inferred from other

pulses, and mechanisms that hold across

species may still differ in magnitude.

Studies differ in cultivar, in method and in

units, and the assays for phytate and for

tannin are not always comparable (2, 36).

A reduction in a compound is often

reported without a measure of whether the

seed is better digested or the minerals

better absorbed. The point is not that a

study is poor, only that its result travels

less far than its abstract suggests.

There is also the problem of reading.

Laboratory values for antinutrients are

commonly expressed in ways that confuse

loss of soluble solids with destruction of

the compound, and a soak water that is not

analysed can hide the fate of what was lost

(16, 35). As a narrative review without a

systematic search, this article is open to

selection bias, and the conclusions should

be read in that light. A reduction that

vanishes when the units are corrected is

not a reduction a household would notice.
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5.3 Directions for Future Work

Three needs stand out. First, studies of

horse gram that name the cultivar, report

on a dry-matter basis and analyse the

processing water and discarded fractions as

well as the seed. Second, studies that test

realistic sequences of household steps and

not only single treatments. Third, work

that links the laboratory values to function,

through in vitro digestibility, mineral

dialysability or absorption in people, so

that a lower number can be tied to a better

outcome (25, 34).

6. Conclusion

Processing can lower the main

antinutritional factors in horse gram, but

no single method lowers all of them, and

the evidence for how much it helps people

is thin. Heat deals with protease inhibitors

and lectins, soaking and germination help

with phytate and oligosaccharides, and

dehulling lowers the seed-coat polyphenols

at some cost in fibre and minerals. Readers

should be wary of any claim of a large

nutritional gain that does not rest on

measures of digestibility or absorption.

For the household, the message is practical

rather than discouraging. Soak, discard the

water, consider sprouting, and cook until

soft; all four are cheap and each does

something different. For the researcher, the

opportunity is a set of carefully reported

studies of horse gram that name the

cultivar, track the discarded fractions and

link the laboratory result to a functional

outcome. These points apply with equal

force to any pulse, not only to horse gram.

It is a habit worth keeping even when the

answer seems obvious.

7. Acknowledgements

The authors thank colleagues who

commented on earlier drafts of this review

and pointed out passages that were unclear.

8. Funding

This work received no specific grant from

any funding agency in the public,

commercial or not-for-profit sectors.

9. Conflict of Interest

The authors declare no conflict of interest.

10. Author Contributions

S.P. conceived the review and wrote the

sections on composition and mineral

availability. M.H. wrote the sections on

fermentation and germination. I.B. wrote

the sections on thermal processing and

study appraisal. All authors revised the

manuscript and approved the final version.

11. Ethics Statement

This is a review of published literature. No

human participants or animals were

involved and no ethical approval was

required.

12. Data Availability

No new data were generated. All sources

are cited in the reference list.

13. References

1. Kadam, S. S., & Salunkhe, D. K. (1985).
Nutritional composition, processing, and
utilization of horse gram and moth bean. Critical
Reviews in Food Science and Nutrition, 22(1),
1�26. DOI: 10.1080/10408398509527417

2. Bhat, R., & Karim, A. A. (2009). Exploring the
nutritional potential of wild and underutilized
legumes. Comprehensive Reviews in Food
Science and Food Safety, 8(4), 305�331. DOI:
10.1111/j.1541-4337.2009.00084.x

3. Siddhuraju, P., & Manian, S. (2007). The
antioxidant activity and free radical-scavenging
capacity of dietary phenolic extracts from horse
gram (Macrotyloma uniflorum (Lam.) Verdc.)
seeds. Food Chemistry, 105(3), 950�958. DOI:
10.1016/j.foodchem.2007.04.040

4. Marathe, S. A., Rajalakshmi, V., Jamdar, S. N., &
Sharma, A. (2011). Comparative study on
antioxidant activity of different varieties of
commonly consumed legumes in India. Food and
Chemical Toxicology, 49(10), 2005�2012. DOI:
10.1016/j.fct.2011.04.039

5. Liener, I. E. (1994). Implications of antinutritional
components in soybean foods. Critical Reviews in

DOI: https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10 Indo-Am. J. of Life Sc & Bt  |  Vol. 10, Issue 2, 2013  |  pp 1-10

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10
https://www.tandfonline.com/doi/abs/10.1080/10408398509527417
https://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2009.00084.x
https://doi.org/10.1016/j.foodchem.2007.04.040
https://doi.org/10.1016/j.fct.2011.04.039
https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10


Indo-Am. J. of Life Sc & Bt. 2013 ISSN 2347-2243  iajlb.org

Vol.10, Issue 2, 2013

9Peinado, Hedlund and Bramwell, 2013 | 10.62644/iajlb.2013.v10.i2.pp1-10

Food Science and Nutrition, 34(1), 31�67. DOI:
10.1080/10408399409527649

6. Champ, M. M.-J. (2002). Non-nutrient bioactive
substances of pulses. British Journal of Nutrition,
88(S3), S307�S319. DOI: 10.1079/BJN2002721

7. Messina, M. J. (1999). Legumes and soybeans:
Overview of their nutritional profiles and health
effects. The American Journal of Clinical
Nutrition, 70(3), 439S�450S. DOI:
10.1093/ajcn/70.3.439s

8. Tharanathan, R. N., & Mahadevamma, S. (2003).
Grain legumes: A boon to human nutrition.
Trends in Food Science & Technology, 14(12),
507�518. DOI: 10.1016/j.tifs.2003.07.002

9. Duranti, M. (2006). Grain legume proteins and
nutraceutical properties. Fitoterapia, 77(2),
67�82. DOI: 10.1016/j.fitote.2005.11.008

10. Sreerama, Y. N., Sashikala, V. B., & Pratape, V.
M. (2010). Variability in the distribution of
phenolic compounds in milled fractions of
chickpea and horse gram: Evaluation of their
antioxidant properties. Journal of Agricultural
and Food Chemistry, 58(14), 8322�8330. DOI:
10.1021/jf101335r

11. Rochfort, S., & Panozzo, J. (2007).
Phytochemicals for health, the role of pulses.
Journal of Agricultural and Food Chemistry,
55(20), 7981�7994. DOI: 10.1021/jf071704w

12. Bravo, L. (1998). Polyphenols: Chemistry, dietary
sources, metabolism, and nutritional significance.
Nutrition Reviews, 56(11), 317�333. DOI:
10.1111/j.1753-4887.1998.tb01670.x

13. Khokhar, S., & Apenten, R. K. O. (2003). Iron
binding characteristics of phenolic compounds:
Some tentative structure�activity relations. Food
Chemistry, 81(1), 133�140. DOI:
10.1016/S0308-8146(02)00394-1

14. Kunitz, M. (1947). Crystalline soybean trypsin
inhibitor: II. General properties. The Journal of
General Physiology, 30(4), 291�310. DOI:
10.1085/jgp.30.4.291

15. Birk, Y. (1985). The Bowman�Birk inhibitor:
Trypsin- and chymotrypsin-inhibitor from
soybeans. International Journal of Peptide and
Protein Research, 25(2), 113�131. DOI:
10.1111/j.1399-3011.1985.tb02155.x

16. Gilani, G. S., Xiao, C. W., & Cockell, K. A.
(2012). Impact of antinutritional factors in food
proteins on the digestibility of protein and the
bioavailability of amino acids and on protein
quality. British Journal of Nutrition, 108(S2),
S315�S332. DOI: 10.1017/S0007114512002371

17. Schlemmer, U., Fr�lich, W., Prieto, R. M., &
Grases, F. (2009). Phytate in foods and
significance for humans: Food sources, intake,
processing, bioavailability, protective role and
analysis. Molecular Nutrition & Food Research,

53(S2), S330�S375. DOI:
10.1002/mnfr.200900099

18. Hurrell, R. F. (2003). Influence of vegetable
protein sources on trace element and mineral
bioavailability. The Journal of Nutrition, 133(9),
2973S�2977S. DOI: 10.1093/jn/133.9.2973S

19. Hallberg, L., Brune, M., & Rossander, L. (1989).
Iron absorption in man: Ascorbic acid and
dose-dependent inhibition by phytate. The
American Journal of Clinical Nutrition, 49(1),
140�144. DOI: 10.1093/ajcn/49.1.140

20. Brune, M., Rossander-Hult�n, L., Hallberg, L.,
Gleerup, A., & Sandberg, A.-S. (1992). Iron
absorption from bread in humans: Inhibiting
effects of cereal fiber, phytate and inositol
phosphates with different numbers of phosphate
groups. The Journal of Nutrition, 122(3),
442�449. DOI: 10.1093/jn/122.3.442

21. L�nnerdal, B. (2002). Phytic acid�trace element
(Zn, Cu, Mn) interactions. International Journal
of Food Science & Technology, 37(7), 749�758.
DOI: 10.1046/j.1365-2621.2002.00640.x

22. Noonan, S. C., & Savage, G. P. (1999). Oxalate
content of foods and its effect on humans. Asia
Pacific Journal of Clinical Nutrition, 8(1), 64�74.
DOI: 10.1046/j.1440-6047.1999.00038.x

23. Bressani, R. (1993). Grain quality of common
beans. Food Reviews International, 9(2),
237�297. DOI: 10.1080/87559129309540960

24. Hotz, C., & Gibson, R. S. (2007). Traditional
food-processing and preparation practices to
enhance the bioavailability of micronutrients in
plant-based diets. The Journal of Nutrition,
137(4), 1097�1100. DOI: 10.1093/jn/137.4.1097

25. Gibson, R. S., Bailey, K. B., Gibbs, M., &
Ferguson, E. L. (2010). A review of phytate, iron,
zinc, and calcium concentrations in plant-based
complementary foods used in low-income
countries and implications for bioavailability.
Food and Nutrition Bulletin, 31(2_suppl),
S134�S146. DOI: 10.1177/15648265100312S206

26. Egli, I., Davidsson, L., Juillerat, M. A., Barclay,
D., & Hurrell, R. F. (2002). The influence of
soaking and germination on the phytase activity
and phytic acid content of grains and seeds
potentially useful for complementary feeding.
Journal of Food Science, 67(9), 3484�3488. DOI:
10.1111/j.1365-2621.2002.tb09609.x

27. Nout, M. J. R. (2009). Rich nutrition from the
poorest: Cereal fermentations in Africa and Asia.
Food Microbiology, 26(7), 685�692. DOI:
10.1016/j.fm.2009.07.002

28. Rehman, Z., & Shah, W. H. (2005). Thermal heat
processing effects on antinutrients, protein and
starch digestibility of food legumes. Food
Chemistry, 91(2), 327�331. DOI:
10.1016/j.foodchem.2004.06.019

DOI: https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10 Indo-Am. J. of Life Sc & Bt  |  Vol. 10, Issue 2, 2013  |  pp 1-10

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10
https://www.tandfonline.com/doi/abs/10.1080/10408399409527649
https://doi.org/10.1079/BJN2002721
https://academic.oup.com/ajcn/article-lookup/doi/10.1093/ajcn/70.3.439s
https://doi.org/10.1016/j.tifs.2003.07.002
https://doi.org/10.1016/j.fitote.2005.11.008
https://pubs.acs.org/doi/10.1021/jf101335r
https://pubs.acs.org/doi/10.1021/jf071704w
https://onlinelibrary.wiley.com/doi/10.1111/j.1753-4887.1998.tb01670.x
https://www.sciencedirect.com/science/article/pii/S0308814602003941
https://doi.org/10.1085/jgp.30.4.291
https://onlinelibrary.wiley.com/doi/10.1111/j.1399-3011.1985.tb02155.x
https://doi.org/10.1017/S0007114512002371
https://onlinelibrary.wiley.com/doi/10.1002/mnfr.200900099
https://academic.oup.com/jn/article-lookup/doi/10.1093/jn/133.9.2973S
https://academic.oup.com/ajcn/article-lookup/doi/10.1093/ajcn/49.1.140
https://academic.oup.com/jn/article-lookup/doi/10.1093/jn/122.3.442
https://onlinelibrary.wiley.com/doi/10.1046/j.1365-2621.2002.00640.x
https://onlinelibrary.wiley.com/doi/10.1046/j.1440-6047.1999.00038.x
https://www.tandfonline.com/doi/abs/10.1080/87559129309540960
https://academic.oup.com/jn/article-lookup/doi/10.1093/jn/137.4.1097
https://journals.sagepub.com/doi/10.1177/15648265100312S206
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2002.tb09609.x
https://doi.org/10.1016/j.fm.2009.07.002
https://doi.org/10.1016/j.foodchem.2004.06.019
https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10


Indo-Am. J. of Life Sc & Bt. 2013 ISSN 2347-2243  iajlb.org

Vol.10, Issue 2, 2013

10Peinado, Hedlund and Bramwell, 2013 | 10.62644/iajlb.2013.v10.i2.pp1-10

29. Alonso, R., Or�e, E., & Marzo, F. (1998). Effects
of extrusion and conventional processing methods
on protein and antinutritional factor contents in
pea seeds. Food Chemistry, 63(4), 505�512. DOI:
10.1016/S0308-8146(98)00037-5

30. Pugalenthi, M., Vadivel, V., & Siddhuraju, P.
(2005). Alternative food/feed perspectives of an
underutilized legume Mucuna pruriens var. utilis:
A review. Plant Foods for Human Nutrition,
60(4), 201�218. DOI:
10.1007/s11130-005-8620-4

31. Wang, N., Hatcher, D. W., Toews, R., & Gawalko,
E. J. (2009). Influence of cooking and dehulling
on nutritional composition of several varieties of
lentils (Lens culinaris). LWT � Food Science and
Technology, 42(4), 842�848. DOI:
10.1016/j.lwt.2008.10.007

32. Ghavidel, R. A., & Prakash, J. (2007). The impact
of germination and dehulling on nutrients,
antinutrients, in vitro iron and calcium
bioavailability and in vitro starch and protein
digestibility of some legume seeds. LWT � Food
Science and Technology, 40(7), 1292�1299. DOI:
10.1016/j.lwt.2006.08.002

33. Hurrell, R. F. (2004). Phytic acid degradation as a
means of improving iron absorption.
International Journal for Vitamin and Nutrition
Research, 74(6), 445�452. DOI:
10.1024/0300-9831.74.6.445

34. Hurrell, R., & Egli, I. (2010). Iron bioavailability
and dietary reference values. The American
Journal of Clinical Nutrition, 91(5),
1461S�1467S. DOI: 10.3945/ajcn.2010.28674F

35. Sandberg, A.-S. (2002). Bioavailability of
minerals in legumes. British Journal of Nutrition,
88(S3), S281�S285. DOI: 10.1079/BJN/2002718

36. Haug, W., & Lantzsch, H.-J. (1983). Sensitive
method for the rapid determination of phytate in
cereals and cereal products. Journal of the
Science of Food and Agriculture, 34(12),
1423�1426. DOI: 10.1002/jsfa.2740341217

37. Xu, B., & Chang, S. K. C. (2008). Effect of
soaking, boiling, and steaming on total phenolic
content and antioxidant activities of cool season
food legumes. Food Chemistry, 110(1), 1�13.
DOI: 10.1016/j.foodchem.2008.01.045

38. Chitra, U., Singh, U., & Rao, P. V. (1996). Phytic
acid, in vitro protein digestibility, dietary fiber,
and minerals of pulses as influenced by
processing methods. Plant Foods for Human
Nutrition, 49(4), 307�316. DOI:
10.1007/BF01091980

39. Mubarak, A. E. (2005). Nutritional composition
and antinutritional factors of mung bean seeds
(Phaseolus aureus) as affected by some home
traditional processes. Food Chemistry, 89(4),
489�495. DOI: 10.1016/j.foodchem.2004.01.007

40. Vidal-Valverde, C., Frias, J., Sierra, I., Bl�zquez,
I., Lambein, F., & Kuo, Y.-H. (2002). New
functional legume foods by germination: Effect
on the nutritive value of beans, lentils and peas.
European Food Research and Technology,
215(6), 472�477. DOI:
10.1007/s00217-002-0602-2

41. Khattak, A. B., Zeb, A., Bibi, N., Khalil, S. A., &
Khattak, M. S. (2007). Influence of germination
techniques on phytic acid and polyphenols
content of chickpea (Cicer arietinum L.) sprouts.
Food Chemistry, 104(3), 1074�1079. DOI:
10.1016/j.foodchem.2007.01.022

42. Alonso, R., Aguirre, A., & Marzo, F. (2000).
Effects of extrusion and traditional processing
methods on antinutrients and in vitro digestibility
of protein and starch in faba and kidney beans.
Food Chemistry, 68(2), 159�165. DOI:
10.1016/S0308-8146(99)00169-7

43. Granito, M., Frias, J., Doblado, R., Guerra, M.,
Champ, M., & Vidal-Valverde, C. (2002).
Nutritional improvement of beans (Phaseolus
vulgaris) by natural fermentation. European Food
Research and Technology, 214(3), 226�231. DOI:
10.1007/s00217-001-0450-5

DOI: https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10 Indo-Am. J. of Life Sc & Bt  |  Vol. 10, Issue 2, 2013  |  pp 1-10

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10
https://www.sciencedirect.com/science/article/pii/S0308814698000375
https://link.springer.com/article/10.1007/s11130-005-8620-4
https://doi.org/10.1016/j.lwt.2008.10.007
https://doi.org/10.1016/j.lwt.2006.08.002
https://doi.org/10.1024/0300-9831.74.6.445
https://doi.org/10.3945/ajcn.2010.28674F
https://doi.org/10.1079/BJN/2002718
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.2740341217
https://doi.org/10.1016/j.foodchem.2008.01.045
https://link.springer.com/article/10.1007/BF01091980
https://doi.org/10.1016/j.foodchem.2004.01.007
https://link.springer.com/article/10.1007/s00217-002-0602-2
https://doi.org/10.1016/j.foodchem.2007.01.022
https://www.sciencedirect.com/science/article/pii/S0308814699001697
https://link.springer.com/article/10.1007/s00217-001-0450-5
https://doi.org/10.62644/iajlb.2013.v10.i2.pp1-10

