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Abstract - The study evaluated tannin concentrations in four vegetables, three grains and cassava roots as the most common
foodstuffs in the diet of local communities from Emuhaya district in western Kenya and their nutritional health implication. Plant
specimens were collected from local arable farms and market centres and their identities confirmed at Maseno University
herbarium. Tannin content was evaluated using the International Phamacopoeia Method. Percent composition of tannins in the
sampled specimens were: 9.4940.6 for rattle pod (Crotalaria brevidens (Emiroo); Family, Fabaceae), 8.3840.3 for narrow-leaf
bitter-pea (Daviesia leptophylla (Omurere); Family, Fabaceae), 2.4940.2 for amaranth (Amaranthus hybridus (Tsimboka);
Family, Amaranthaceae), 0.4240.04 for black nightshade (Solanum nigrum (Lisutsa); Family, Solanaceae), 9.2140.4 for
peanut/groundnut (Arachis hypogaea (Tsinjugu); Family, Fabaceae), 8.2440.4 for sesame (Sesamum indicum (Tsinuni); Family,
Pedaliaceae), 8.1140.2 for finger millet (Eleusine coracana (Obulee); Family, Poaceae) and 6.9940.5 for cassava (Manihot
esculenta (Emioko); Family, Euphorbiaceae). Solanum nigrum had significantly the lowest tannin composition profile followed
by A. hybridus and M. esculenta in that order (P < 0.05). Interestingly, these three plants are preferred in the diet to the rest of the
plants. The results provide scientific rationale for dietary exploitation of these plants by the local communities and may lay down
some groundwork for exploiting partially refined products such as peanut butter and a wide range of grades of flour for human
consumption and livestock feeds. However, consumption of tannins in the diet may sometimes be necessary for optimal health
but caution needs to be taken for their conflicting adverse medical-based nutritional and physiological effects.
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. presence of tannins in plants and plant products is specifically

1. Introduction for the purposes of defense against predation and growth
] o . regulation (Salunkhe et al., 1990; Ferrell & Thorington Jr.,
Tannins (also called tannic acid) are water soluble astringent, 2006; Jacobs, 2011). It has been shown that about 180
bitter polyphenolic compounds of high molecular weight ¢, mijies of dicotyledons and 44 families of monocotyledons,
found occurring naturally in the vacuoles or surface wax of \yiqely distributed in different geographical regions, contain
quite a number of parts of many edible and none-edible plants.  (3ning with varying complexities and composition profiles
For instance, tannins have been found in plant parts such as (Fleck & Layne, 1990; Mole, 1993; Harold, 2004; Makkar et
barks, flowers, fruits, leaves, stems, spices, nuts etc. (Mole, 51 '2006). The main families of dicotyledons, which contain
1993; Reed, 1995; Puupponen-Pimi&et al,, 2001). AlsO,  (annins include Aceraceae, Actinidiaceae, Anacardiaceae,
tannins are found in plant-based products such as chocolate, Bixaceae, Burseraceae, Combretaceae, Dipterocarpaceae,

wines, nuts-almonds, acorns, hazelnuts, walnuts, areca nut,  gricaceae, Grossulariaceae and Myricaceae while those of
and pecans, peanut butter, chlckpeas:, fruit juices, C|der_s, beer, monocotyledons include Najadaceae and Typhaceae.
cheeses, some fermented foods, ice creams, condiments, Originally, the term “tannin” was used to describe

cigarette smoke, caffeine-containing foods and beverages,  gypstances in vegetable extracts used for converting animal

smoked foods, sour cream, spices, herbs and herbal  qyins into stable leather (also the term referred to the use of
preparations, animal feed products etc) (Navia, 2002; Wolke 404 tannins from oak in tanning animal hides into leather:

& Parrish, 2005; Vattem et al., 2005). It is also found in  pence the words “tan” and "tanning” for the treatment of
medicinal nutgalls built by some insects on Quercus leather) (Schofield et al., 2001).

infectoria Olivier and several other Quercus spp. The
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Figure 1. Structures and classes of tannins as described from Wikipedia, the free encyclopedia website. Permission is granted to
copy and use under the terms of free license of the Wikimedia Commons (usually CC-BY, CC-BY-SA, GFDL or GPL/LGPL) or

in the public domain.

(http://commons.wikimedia.org/wiki/Commons:Reusing_content_outside_Wikimedia

http://commons.wikimedia.org/wiki/Commons:Reusing_content_outside_Wikimedia) Under the courtesy of Bryan Derksen,
17th February, 2007 (a), Neur Otiker, 8th April, 2008 (b), and Edgar 181, 30th August, 2007 (c), respectively.

These substances were later identified as polyphenolic
compounds with varying molecular weights and complexities
and having sufficient hydroxyls and other suitable groups like
carboxyls for enhancement of formation of strong complexes
with various macromolecules such as polysaccharides.

Tannins are yellowish to light brown amorphous masses
that may be powdery, flaky, or spongy in nature. Chemical
structures analysis has shown that tannins are majorly divided
into hydrolysable and proanthocyanidins (condensed tannins)
(Freudenberg, 1920; Muller, et al., 1992). Hydrolysable
tannins have a central hydroxyl groups esterified to phenolic
carboxylic acids with a carbohydrate at the center. If the esters
contain gallic acid and ellagic acid, it is referred to as
gallotannins while the combination with
hexahydroxydiphenic acid is referred to as ellagitannins.
Hydrolysable tannins react with acid, alkalis and enzymes to
yield glucose, phenolic acid or polyhydroxyalchohols
(Salunkhe, 1990). Condensed tannins are also referred to as
flavolans or procyanidins and are mainly polymerized
products of flavan-3-01 (catechin) and flavan- 3, 4-diol or a
mixture of these (Figure 1) and mainly found in legume plants
(such as dry bean (Phaseolus vulgaris L.), pea (Pisum
sativum), chickpea (Cicer arietinum L.), faba bean (syn.
broad bean, field bean; Vicia faba L.), cowpea (Vignha
unguiculuta L.) and lentils (Lens culinuris L.)) (Strumeyer &
Malin, 1975). Cereals containing polyphenolic compounds
are barley and millet. Millet contains carbohydrate C-C linked
to a flavonoid nucleus, which is resistant to hydrolysis
(Reiehert et al., 1980). The third category of tannins is the
phlorotannins, which are also called phloroglucinols that are
mainly found in the Brown algae (Figure 1).

The use of tannins is depended on their chemical structure
and dosage (Ferrell and Thorington Jr., 2006; Harold, 2004).
The property of tannins inhibiting predation is not clear albeit
many plants employing tannins to deter animals exemplified
by the fact that animals consuming excessive amounts of
plants rich in tannins either fall ill or die (Ferrell & Thorington
Jr., 2006). Similarly, humans usually find the bitter taste of
foods containing high amounts of tannins, unpalatable
(Harold, 2004). Although methods have been designed to

leach tannins from such plants in order to make them
palatable, condensed tannins from plant tissue, which become
complexed to a carbohydrate or protein matrix and become
quite insoluble due to a high degree of polymerization
(Deshpande, 1986), are difficult to extract for analysis.
Determination of beneficial factors in food crops such as
tannin antioxidation and subsequent promotion of their
nutritional and health values may enhance their market
competitiveness, locally and internationally. For instance, in
the Kenyan western region, where the studied plants (four
vegetables, three grains and cassava roots) are produced for
both subsistence and commercial economy, the interpretation
of the results of their tannin contents may help improve the
profitability at the local market and promote health. In the
present study, we report the results obtained from the
titrimetric analysis of tannin contents in 8 different food crops
(Crotalaria brevidens Benth., Daviesia leptophylla A. Cunn.
ex Don, Amaranthus hybridus L., Solanum nigrum L.,
Arachis hypogaea L., Sesamum indicum L., Eleusine
coracana Gaertn. and Manihot esculenta Crantz.) grown and
used in dietary foodstuffs on daily basis in Emuhaya district,
western Kenya. The study was conducted to evaluate the
composition profiles of tannins in commonly consumed four
vegetables, three grains and cassava roots with a view to
helping to lay down some groundwork for exploiting partially
refined products emanating from these plants such as pea nut
butter and a wide range of grades of flour for human
consumption and livestock feeds. It is therefore hypothesized
that the results from this study may be useful in value-addition
and improving the quality and nutritional value of these food
crops and thus promotes their production, marketability at
local level and subsequent consumption for improved health.

2. Materials and methods

2.1. Study area and collection of study specimen plants

The area under study is Emuhaya district in Vihiga County,
western Kenya. It is located at an elevation of 1,551 meters
above sea level and covers an area of 173.2 square kilometers.
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It is described by the coordinates, 0<1'60" N and 34 <37'60" E.
The district has reliable annual rainfall ranging from 1800 to
2000 mm. The rainfall is well distributed throughout the year
with only two months of relatively dry spells (December
through February). The two main rain seasons are the long
rains (starting March through August) and the short rains
(starting September through November). Temperatures range
is between 14°C and 32°C with a mean temperature of 23°C.
The four vegetables (Crotalaria brevidens Benth.,
Daviesia leptophylla A. Cunn. ex Don., Amaranthus hybridus
L. and Solanum nigrum L.), three grains (Arachis hypogaea L.,
Sesamum indicum L., Eleusine coracana Gaertn.) and cassava
) - . Vs 3 ¥ »\c‘ X

i
Crotalaria brevidens

(Emiroo)
Young with tender leaves

Daviesia leptophylla
(Omurere)
Young with tender leaves

Sesamum indicum
(Tsinuni)

Arachis hypogaea
(Tsinjugu)

roots (Manihot esculenta Crantz.) (Figure 2) were randomly
collected from several farms and others from market places
within Emuhaya district, western Kenya. The average sample
consisted of representative amounts of three individual
samples from any one given plot and/or shopping centre
during market-day.

Under these varying environmental conditions therefore, it
was also hypothesized that the four vegetables, three grains
and cassava roots grown in Emuhaya district might have
varying tannin composition profiles, hence having different
medical-based nutritional and physiological impacts on
consumers.

Amaranthus hybridus
(Isimboka)
Young with tender leaves

Solanum nigrum
(Lisutsa)
Young with tender leaves

Manihot esculenta
(plant and roots)
(Emioko)

Eleusine coracana
(Obulee)

Figure 2. The four vegetables, three grains and cassava roots sampled from Emuhaya district, western Kenya for determination
of tannin profiles. These eight crops are traditionally consumed frequently and in large amounts by the local communities, which
comprise mainly the Luhya as the majority and Luo and other tribes as the minority. The samples were collected from identified
sites during the long rains (starting March through August) when the temperatures are relatively lower than normal. Convincing
reports from literature hypothesized that plant specimens harvested during the wet rain season at low temperatures (of below the
mean temperature of 23°C in this case) yields high amounts of tannins (Luthar & Kreft, 1999).

2.2. Preparation

About 3g of studied vegetable product was extracted while
still fresh with distilled deionized water (dd H,O) into 250 ml
volumetric flask for 4 hrs at room temperature and then the
samples were filtered for analysis of tannin composition
profiles. Dry cereals were grounded using pestle and mortar
and extracted in a similar way.

2.3. Tannin assay

Due to the complexity of tannins, several methods have been
developed for their quantification and unfortunately, none of
them is completely satisfactory (Giner-Chavez, 1996).
Nevertheless, major methods for tannin analysis can be
classified into three groups: calorimetric methods, protein

binding methods and other methods. Calorimetric methods,
which include: - Vanillin assay (Swain & Hillis, 1959), Folin
Denis assay (Folin & Denis, 1912), Prussian blue assay (Price
& Butler, 1977) and Acid butanol assay (Porter et al., 1986).
Protein binding methods is based on the amount of tannins
precipitated by a standard protein (Hagerman & Butler, 1989).
Proteins such as gelatin, casein, bovine serum albumin,
hemoglobin and different enzymes are used and each protein
binding assay gives a specific result with tannins from
different sources. In a different method, the tannin-protein
complex is produced and determined (Martin & Martin, 1982).
Other  methods  include:  high-performance liquid
chromatography (HPLC), mass spectral analysis, droplet
countercurrent  chromatography,  centrifugal  partition
chromatography (Okuda et al., 1989) and expensive nuclear
magnetic resonance (NMR) techniques.
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Analysis was done unlike previously based on the ability
of tannins in a candidate sample to precipitate proteins and
various other organic compounds including amino acids and
alkaloids (Mole, 1993). The analyses of tannins content were
performed according to the International Phamacopoeia
(Muller & McAllan, 1992). The 25 ml of infusion were
measured into 1 L conical flask, then 25 ml of indigo solution
and 750 ml of distilled deionized water (dd H,O) were added.
The 0.1 N KMnO, was used for titration until the
blue-coloured solution changed to green colour. Then, few
drops were added at a time until the solution became golden
yellow. Standard solution of indigo carmine was prepared as
follows: 6g of indigo carmine was dissolved in 500 ml of dd
H,O by heating. After cooling to room temperature, 50 ml of
95-97% H,SO, was added and diluted to one liter. Finally it
was filtered. The blank test was carried by titrating a mixture
of 25 ml indigo carmine solution and 750 ml of dd H,O. All
samples were analyzed in triplicate.

2.4. Calculations of tannin contents in samples

The percent tannins content (T %) was calculated using the
following formula previously described by Atanassova and
Christova-Bagdassarian (2009) :
(V —Vo) x 0.004157 x 250 x 100
T(%) =
g %25
Where V is the volume of 0.1N aqueous solution
of KMnO, for the titration of the sample in ml
Vo is the volume of 0.1IN aqueous
solution of KMnQ, for the titration of the blank
sample in ml,
0.004157 is a constant of the tannin
equivalent in 1 ml of 0.1N aqueous solution of
KMnO4,
g is the mass of sample taken for
analysis in grams,
250 is a constant of the volume of
volumetric flask in ml and
100 is a constant of the percent (%).

2.5. Statistical analysis

The determination of tannin contents were conducted in
triplicate and results were expressed as mean standard error.
Statistical analyses were done by one way ANOVA followed
by Student-Newman-Keuls test at o =0.05 as level of
significance for popular post hoc multiple comparison test of
means.

3. Results and Discussion

The composition profiles of tannins in the four vegetables,
three grains and cassava roots obtained from Emuhaya district,
western Kenyan are shown in Tables 1 and 2. The plant
species contained tannins in the range of 0.42 - 9.49% with the
largest quantities of tannins (9.4940.61%) being recorded in
the freshly prepared dark green vegetable of Crotalaria

brevidens (Figure 2) while the least quantities of tannins
(0.4240.04%) being recorded in the bitter vegetables of
Solanum nigrum. The dry grains consistently recorded a high
level of tannin composition profiles that were not
significantly different from one another at a = 0.05 level of
significance (Table 2) and this may be due to the presence of
condensed tannins, which have been previously recorded in
similar dry legume grains (Salunkhe et al., 1990; Atanassova
& Christova-Bagdassarian, 2009). While in fresh vegetables,
the high level of quantities of tannins may have been probably
partly due to environmental conditions of heavy rain season
and relatively low temperatures under which the plant
samples were harvested from arable farms as previously.
These conditions were hypothesized to contribute to high
yields of tannin biomolecules (Luthar & Kreft, 1999). The
composition profiles of tannins in the plants were comparable
to those obtained in other parts of the world such as Sri Lanka
(Seresinhe & Pathirana, 2003), Thailand (Kanpukdee &
Wanapat, 2007), Pakistan (Gorinstein et al., 2008), Bulgaria
(Atanassova & Christova-Bagdassarian, 2009) and in the US
(Harris et al., 1970). With regard to ruminant classification
levels of safety of tannin consumption rate in feeds adopted
by Seresinhe & Pathirana (2003), our composition profiles in
the food crops mainly ranged between antinutritional (5-9%)
(with four plants: D. leptophylla, S. indicum, E. coracana and
M. esculenta) to toxic and lethal levels (> 9%) (with two
plants: C. brevidens and A. hypogaea) and with one plant
below (S. nigrum) and another one within (A. hybridus) the
beneficial level of tannins (2—-4%). Although these plants are
mainly human food crops, they are fed to livestock on which
human livelihood is directly dependent on their milk, meat,
hides, organic fertilizers etc., hence the importance of this
comparative analysis. In a study to analyse the levels of
tannins in different types of plants in Bulgaria, levels of tannin
in edible plants were reported to be significantly lower
(ranged from 0.55% to 2.00%) than in non-edible plants
(ranged from 8.94% to 93.44%) (Atanassova &
Christova-Bagdassarian, 2009). Similarly, in this study, the
most preferred plants (S. nigrum, A. hybridus and M.
esculenta) by the local community had significantly lower
tannin content than those not favoured in the diet. The pattern
of tannin content in plants may help explain why a high level
of tannin in food products may probably be detrimental to
health of the consumer in a number of ways (Chan, 2003;
Atoui et al., 2005; Anonymous, 2013) depending on the type
of tannin consumed, nutritional and physiological state of the
consumer and the source plant of the tannin.

Previous studies have shown varying composition profiles
of tannin biomolecules in different plants and plant products
worldwide and their corresponding medical-based nutritional
values in diets and industrial applications (such as mining and
leather industries) (Chung, et al., 1998; Torres et al., 1999;
Fraga, 2009; Sakaguchia & Nakajimaa, 1987). Nevertheless,
tannins have a lot of conflicts in life albeit having such
important socio-economic and health-based values (Ames,
1983; Ascherio et al., 1992). Tannin biomolecules are
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holistically very useful, enhancing livelihoods in societies
worldwide and fascinating in many different ways in life but

sometimes very dangerous molecules.

Table 1. The composition profiles of tannin in four vegetables (Crotalaria brevidens, Daviesia leptophylla, Amaranthus
hybridus, Solanum nigrum) commonly consumed by local communities in Emuhaya district, western Kenya and the
neighbourhood.

Species name of the vegetable consumed [English/common name] Family name [English/common co(;f;:r?tr:‘r;!c?on
(local name(s) by tribe) family name] (Mean=SE)"
Crotalaria brevidens Benth.var. intermedia (Kotschy) Polhill. [Ethiopian
rattlebox]
(Kamusuusuu (Kamba), Fabaceae
Kipkururiet (Kipsigis), [Pea family] 9.4940.6°
Emiroo (Luhya), y
Mitoo (Luo),
Oleechei (Maa))
Daviesia leptophyllaA.Cunn. ex Don.[Narrow-leaf Bitter-pea] Omurere r

abaceae a
(Luhya) [Pea family] 8.3840.26
Anyim (Luo) y
Amaranthus hybridusL. [Smooth amaranth, smooth pigweed, red
amaranth, or slim amaranth] Amaranthaceae 2 494.15
(Tsimboka (Luhya), [Amaranth family] ' '
Omboga (Luo))
Solanum nigrum L.
[Black nightshade] Solanaceae ¢
(Isutsa (Luhya), [Nightshade or Potato family] 0.4240.04
Osuga (Luo))

*Within a column, means with the same superscript letter(s) are not significantly different at the level of significance, a = 0.05 (Student—Newman-Keuls
test).

Table 2. The composition profiles of tannin in three grains (Arachis hypogaea, Sesamum indicum and Eleusine coracana) and
cassava roots (Manihot esculenta) commonly consumed by local communities in Emuhaya district, western Kenya and the
neighbourhood.

5 -
Species name of the vegetable consumed [English/common name] Family name [English/common coﬁ:;irr]gtlinon
(local name(s) by tribe) family name] (Mean3SE)”
Arachis hypogaea Linn.
[Peanut, or Groundnut] Fabaceae a
(Tsinjuku) (Luhya) [Legume or bean family] 9.2140.39
(Njugu) (Luo)
Sesamum indicum Linn.
[Sesame] Pedaliaceae a
Tsinuni (Luhya) [Pedalium family or Sesame family] 8.2440.37
Simsim (or “nyim”) (Luo)
Eleusine coracana Gaertn.
[Finger millet] Poaceae a
Obulee (Luhya) [Gramineae or true grasses] 8.1140.20
Bel (Luo)
Manihot esculenta Crantz.
[Cassava] .
Emioko (Luhya) Euphorbiaceae 6.9920.47"
. [Spurge family]
Omwogo or marebwa magomba or mariep magomba or marewa
magomba depending on regional differences in dialects of sub-tribes(Luo)

*Within a column, means with the same superscript letter(s) are not significantly different at the level of significance, a = 0.05 (Student-Newman—Keuls test).
Historically used as a universal antidote in combination (Chung et al., 1998; Nobre-Junior et al., 2008; Anonymous,

with activated charcoal and magnesium oxide, nowadays,
tannin is used to treat cold sores and fever blisters, diaper
rash and prickly heat, HFE hereditary heamochromatosis,
poison ivy, ingrown toenails, sore throat, sore tonsils,
spongy or receding gums and skin rashes, to stop bleeding
and to protect against 6-hydroxydopamine-induced toxicity

2013). Orally, tannin is administered for bleeding cases,
chronic diarrhoea, dysentery, bloody urine, painful joints
and persistent coughs (Anonymous, 2013). Tannins are also
used as a douche for white or yellowish vaginal discharge
(leukorrhea) and commercially used in foods and beverages
as a flavouring agent and in the manufacture of ointments
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and suppositories, which are applied to treat hemorrhoids,
tan hides, manufacture ink, resins, wood adhesives and
anti-corrosive primers and kill dust mites on furniture
(Torres et al., 1999; Anonymous, 2013). Besides, tannins
have been known to cause acceleration of blood clotting
process, reduction of blood pressure (cardiovascular disease
and hypertension), decrease in the serum lipid level,
modulation of immunoresponses etc. and being antioxidant
and antimicrobial (against many fungi, yeasts, bacteria,
protozoal parasites and viruses, hence important in food
processing industry) and antimutagenic and anticarcinogenic
(due to antioxidative property of tannins) (Morton, 1970;
Chung et al., 1998; Akiyama et al., 2001; Luet al., 2004;
Atoui et al., 2005; Kolodziej et al., 2005; Souza et al., 2006;
Nobre-Junior et al., 2008; Anonymous, 2013). Tannins too,
detoxify reactive oxygen species (ROS) and prevent them
from causing damage to cellular macromolecules and
organelles through multi-mechanisms (Krinsky, 1989;
Pool-Zobel etal., 1997; Han et al., 2007; Vermaet al., 2011).
Extracts from condensed tannins of some indigenous foods
in Kenya have shown antidiabetic effects (Kunyanga, et al.,
2011).

In view of the fact that about 80% of the world’s
population depends on traditional medicines, which are rich in
tannins, for their healthcare needs (World Health
Organization [WHOT], 1996), it has been however shown that
if care is not taken and the medicines are consumed in large
amounts, they may cause liver damage, heart failure, kidney
damage, skin damage and/or cause nose or throat cancer
(Chan, 2003; Atoui et al., 2005; Anonymous, 2013). Tannins
have also been identified with adverse nutritional and
physiological effects such as carcinogen (causing esophageal
cancer due to betel nuts and herbal teas), gastroenteritis,
inhibition of gut bacteria, which contribute to digestion in the
body and foods rich in tannins have been known to have low
nutritional value among others (Chung et al.,, 1998).
Polyphenols have been demonstrated to cause unique
congenital malformations (Ross, 1998; Ross, 2000; Strick et
al., 2000; Paolini et al., 2003; Spector et al., 2005; Barjesteh
van Waalwijk van Doorn-Khosrovani et al., 2007; Zielinsky
et al., 2012) and anemia (Matuschek & Svanberg, 2002) in
humans.

It is therefore apparent that with these conflicting ideas
regarding the use and application of tannins, thorough
understanding of the composition profiles of tannins is
required as they naturally occur in different plants,
particularly those plants, which are frequently consumed in
large amounts just like the four vegetables, three grains and
cassava roots (C. brevidens, D. leptophylla, A. hybridus, S.
nigrum, A. hypogaea, S. indicum, E. coracana and M.
esculenta) under the current study from Emuhaya district,
western Kenya. This understanding is essential so that the
composition profiles are known and maintained in the dietary
applications, particularly as is required in the diet of mostly
plant-based products (chocolate, wines, nuts-almonds, acorns,
hazelnuts, walnuts, areca nut, and pecans, peanut butter,

chickpeas, fruit juices, ciders, beer, cheeses, some fermented
foods, ice creams, condiments, cigarette smoke,
caffeine-containing foods and beverages, smoked foods, sour
cream, spices, herbs and herbal preparations, animal feed
products etc) or else tannin composition profiles may exceed
the required limit and cause undesired adverse nutritional and
physiological effects (Chung et al., 1998; Chan, 2003; Atoui
et al., 2005; Anonymous, 2013). In the synthesized food
products, the tannin concentration will therefore be modeled
alongside that one(s) naturally found in plants for provision of
optimal health in humans since the amount and type of tannins
synthesized by plants varies considerably depending on plant
species, cultivars, tissues, geographical location, stage of
development and environmental conditions (Giner-Chavez,
1996). For instance, A. hybridus tannin composition profile
found in our study in Kenya was 2.494).15% compared to
that of 0.08740.04% obtained from Pakistan (Gorinstein et al.,
2008). While cassava hay (M. esculenta) in Thailand showed
a tannin composition of 2.2% (Kanpukdee, 2007) compared
with that evaluated in Kenya, 6.9930.47%, probably the
difference being the use of different cultivars and/or varieties.
Determining percent composition of tannins in food products
is important as moderate tannin levels of < 4% in forage
legumes were found to cause relatively high growth rate and
milk production from cows whereas those of > 6% affected
growth rate and milk production (Giner-Chavez, 1996). In
poultry industry, tannin levels of 3 — 7% caused death while
those of 0.5 — 2% caused depression on growth rate and egg
production from layers while tannin levels of > 5% were
lethal in swine diet (Giner-Chavez, 1996). Such comparative
analysis and quantification of tannins present in dietary
foodstuffs will enhance a productive evaluation of their
nutritional effects on consumers and thus help provide
guidance on using these plants and their corresponding plant
products in maintaining optimal health. This is particularly
important as tannins have well-known health-promoting
effects, which have been demonstrated in in vitro studies to
include: improvements of the mental functions such as
cognition, memory, intelligence, motivation, attention and
concentration (Papandreou et al., 2009). However, how these
effects holistically apply to the entire organism and their
clinical outcome in human diseases in particular, remains a
controversially discussed topic in nutrition science and
disease prevention (Halliwell, 2007), particularly in the light
of conflicting uses and applications of tannins. In a similar
circumstance of controversy, a convincing hypothesis has
been advanced to explain that a diet with a high concentration
of flavonoids may play a medically useful role in the control
and management of cardiovascular diseases (Habauzit &
Morand, 2012). In addition to many unconfirmed
health-related risks associated with the dietary tannins, there
is need to conduct a worldwide research to evaluate
composition profiles of all plants and plant products used as
human food and animal feeds based on their plant species,
cultivars, tissues, geographical location, stage of development
and environmental conditions so that a health-based informed
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decision can be made. But the ultimate effect of tannin in the
consumer will largely depend on the type of tannin under
consideration, nutritional and physiological state of the
consumer, composition profile of tannin in the consumed
product and source plant.

Although research on tannins has a long history,
considerable additional research must be carried out before
details of tannin chemistry are elucidated and the conflicting
nutritional effects of tannins are made clear. Limited
information is available on the chemical nature of
polyphenols referred to as tannins in different types of foods
and feeds commonly used throughout the world (Freudenberg
& Weinges, 1962). Advanced techniques such as HPLC and
nuclear magnetic resonance should provide better and new
information on the biosynthesis and structure of tannins in
plant materials. In general, research dealing with the
relationship between the chemical nature of the tannins within
and between different grains, vegetables and other plant
species and their nutritional and physiological effects should
be emphasized in human dietary habits.

4. Conclusions

The tannin content significantly varied amongst the four
vegetables, three grains and cassava roots sampled from
Emuhaya district, western Kenya. The study showed that the
composition profile of tannin was relatively high in C.
brevidens, A. hypogaea, D. leptophylla, S. indicum, E.
coracana and M. esculenta and existed in moderate amounts
in A. hybridus but in the lowest amounts in S. nigrum. The
results however, provide scientific rationale for dietary
exploitation of these plants by the local communities and may
lay down some groundwork for exploiting partially refined
products such as pea nut butter and a wide range of grades of
flour for human consumption and livestock feeds. However,
consumption of tannins in the diet may sometimes be
necessary for optimal health but a lot of caution needs to be
taken for their conflicting medically-based nutritional and
physiological effects.
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