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Abstract

Antinutrients, also known as ‘secondary metabolites’ in plants are highly biologically active chemical
compounds synthesized in natural food or feedstuffs by the normal metabolism of species which prevents
optimal exploitation of the nutrients present in a food. Consumption of edible flowers has increased over
the years as the phytochemicals in them have been found to possess numerous health benefits. However,
many edible flowers remain unexplored and underutilized. The present study quantifies and compares the
anti-nutritional (tannins, phytates, oxalates, alkaloids and saponin) content of the three edible flowers of
Allium cepa, Carica papaya and Cucurbita maxima with four other commonly consumed edible
flowers.It was found that the three flowers have relatively a lower concentration of all the measured
antinutrients when compared with its respective bulb/fruit and stalk/leaf. Also when compared to the
edible flowers of Moringa oleifera, Musa paradisiaca, Musa acuminata and Woodfordia fruticosa (L.)
Kurz, the test flowers have a much lower antinutritional content. This relatively small presence of
antinutrients in the three test flowers makes them suitable for safe consumption.

Keywords: Edible flowers, anti-nutrients, phytochemicals, Allium cepa, Carica papaya, Cucurbita
maxima

Introduction

Edible flowers are a rich source of thousands of various nutrients and are consumed by rural
people frequently. However, the key problem related to the nutritional exploitation of these
kinds of edible plants is the presence of antinutritional factors. Antinutrients are found in their
highest concentrations in grains, beans, legumes and nuts, but can also be found in leaves,
roots and fruits or even flowers of certain varieties of plants. Plants evolved antinutrients to
protect themselves and to prevent them from being eaten [, Antinutrients are natural or
synthetic compounds that interfere with the absorption of nutrients present in the food.
Although they are not necessarily toxic plant compounds but they decrease the nutritional
value of a plant food, usually by making an essential nutrient unavailable or indigestible when
consumed by humans or animals @, Some vitamins in food may be destroyed by anti-
nutritional substances. For example, aflatoxin in groundnut has been found to cause severe
liver damage if consumed in excess [l Like aflatoxin several other anti-nutritional factors
must be inactivated or removed if values of food substances are to be fully maintained. This
study is designed to quantify the anti-nutritional factors present in the three edible flowers (per
100gm fresh flowers) of Allium cepa (onion) flower, Carica papaya (papaya) flower and
Cucurbita maxima (pumpkin) flower.

Allium cepa: inflorescence is a spherical umbel, 2-8 cm in diameter with 50-2000 flowers;
flowers sub campanulate to urceolate; tepals 6 in 2 whorls, ovate to oblong, 3-5 mm long,
greenish-white to purple. Onion cultivars are about 89% water, 9% carbohydrates,
1% protein and have energy value of 166 KJ 4,

Carica papaya: flowers are 5-parted and highly dimorphic, the male flowers with the stamens
fused to the petals. The female flowers have a superior ovary and five contorted petals loosely
connected at the base. The flowers are fragranced, trumpet-shaped and yellowish-whitish in
colour, blooming throughout the year, The papaya flower tastes bitter, is rich in vitamins A, C
and E and is also a good source of dietary fibre. A study in Philippines confirmed the male
papaya flower as a functional ingredient for herbal tea production primarily owing to its
appealing aroma [,
~ g5~
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Traditionally, the male flowers are cooked and used as a
green vegetable. In Java, a sweetmeat is made from the
flowers.

Cucurbita maxima: a member of the Cucurbitaceae family is
one of the most common vegetables consumed worldwide.
From ancient days the flowers of pumpkin are consumed
locally as vegetable in Mexico and India.

Male flowers are borne straight off the vine while females
have a small fruit swelling at the base near the stem. Pumpkin
flowers are pentamerous, axillary, solitary, bright yellow or
orangey yellow coloured. Pumpkin flowers consist of 9.2 mg
of vitamin C and huge amount of folic acid [®l. The activities
of the glyoxylate cycle, isocitrate lyase and malate synthase,
were detectable in petals of pumpkin flower [71,

This paper aims to:

To determine and quantify the anti-nutritional factors in
Allium cepa, Carica papaya and Cucurbita maxima
flowers.

To compare the identified anti-nutrient content of Allium
cepa, Carica papaya and Cucurbita maxima flowers with
their bulb/fruit and stalk/leaf.

To compare the anti-nutrients of the test flowers with
four other common edible flowers namely, Moringa
oleifera, Musa paradisiaca, Musa acuminata and
Woodfordia fruticosa (L.) Kurz.

Anti-nutrients are one of the key factors which reduce the
bioavailability of various components of the cereals and
legumes. These compounds are of natural or synthetic origin,
interfere with the absorption of nutrients and can be
responsible for micronutrient malnutrition and mineral
deficiencies. Major anti-nutritional factors found in edible
crops include saponins, tannins, phytic acid, alkaloids, lectins,
protease inhibitors etc. However some antinutrients may exert
beneficial health effects at low concentrations. For example,
when used at low levels, phytate, lectins, tannins, amylase
inhibitors and saponins may reduce the blood glucose and
insulin responses to starchy foods and triglycerides.

2. Materials and Methods

2.1 Sample Collection and ldentification

Whole flower samples were collected from local markets of
Kolkata and Baruipur. The flower samples were
taxonomically identified, authenticated and the wvoucher
specimen numbers were assigned by Central National
Herbarium, Botanical Survey of India.

2.2Preparationof flower extract

Flower samples were separated and cleaned thoroughly.
Sample paste was made by grinding in a mixer grinder and
freeze dried (by using Laboratory Freeze Dryer, Model-
DPRG - 01). The methanolic extract of the flowers were
prepared by adding 1 g of each freeze-dried sample powder to
100 ml of methanol. The infusions were stirred on the
magnetic stirrer at room temperature for 5 h and then
centrifuged at 6000 rpm at 4 °C for 10 min (Eppendorf,
centrifuge 5430R). The supernatants were stored at -4 °C for
further experiments.

2.3 Anti-nutritional factor determination
The extract was tested for the presence of bioactive
compounds by using the following standard methods:
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2.3.1 Estimation of tannin by spectrophotometric method
8]

Tannin contents of the flower samples were measured by
Folin-Denis method. Accurately Weighed 0.5g of the
powdered sample was transferred to a 250mL conical flask
and 75mL of water was added. The flask was gently heated
and boiled for 30 min, centrifuged at 2,000rpm for 20 min and
the supernatant collected in 100mL volumetric flask and the
volume made up. Next, ImL of the sample extract was
transferred to a 100mL volumetric flask containing 75mL
water. 5mL of Folin-Denis reagent, 10mL of sodium
carbonate solution were mixed and diluted to 100mL with
water. Absorbance read at 700nm after 30 min with UV-
Visible spectrophotometer. The tannin concentration was
determined by the standard graph of tannic acid solution.

% Tannin (mg/100g) = An x C x Df
As x Wx 100

Where: An = absorbance of test sample, As = absorbance of
standard tannic acid, C = concentration of standard tannic acid
(mg/ml), Df = dilution factor, W = weight of test sample

(mg).

2.3.2 Estimation of phytate by titrimetric methods [
About 2.0 g of the sample was weighed into a 250 mL conical
flask. 100mL 2% concentrated HCI was used to soak sample
for 3 h and then filtered with a Whatman No. 1 filter paper.
50ml of the filtrate and 10 ml of distilled water were mixed
together and titrated against standard FeClI3 solution
containing 0.00195 g Iron/ml until a brownish yellow colour
persisted for five min. The percentage phytic acid was
calculated thus:

% Phytic acid =y x 1.19 x 100
Where, y = titre value x 0.00195 g

2.3.3 Determination of oxalate by titrimetric methods [1%
1g of sample was weighed into 100ml conical flask. 75ml
3MH,SO4 was added and stirred for 1lhr with a magnetic
stirrer. This was filtered using a Whatman No 1 filter paper.
25ml of the filtrate was then taken and titrated while hot
against 0.05M KMnO, solution until a faint pink colour
persisted for at least 30 s.

The oxalate content was then calculated by taking 1ml of
0.05m KMnOq as equivalent to 2.2mg oxalate.

2.3.4 Determination of total alkaloids by titrimetric
methods 4

5 gm of powdered sample was taken into 20 ml of n-butanol
and vigorously stirred. The content was transferred into a
reagent bottle and kept overnight at room temperature.
Centrifuged at 6000 rpm for 10 min and the supernatant was
made up to 50 ml with n-butanol. 10 ml of the supernatant
and 10 ml of 0.1 (N). HCI was taken into a 100 ml separating
funnel and shaken thoroughly for 2-3 min. The lower layer of
alkaloids neutralized 10 ml HCL portion was collected in a
beaker and 2-3 drops methyl red was added to it, that turns the
solution into slightly reddish colour. The contents of beaker
were titrated against 0.1 (N) NaOH, till colour change
changed from red to pale yellow. The neutralization point was
determined. Same procedure was repeated triplicate.

The total amount of alkaloids was calculated by considering,
1 ml 0.1N HC1 = 0.0162 g alkaloid.
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2.3.5 Determination of total content
spectrophotometric method [*2

To 2 g of the sample extract 100 mL of 20% aqueous ethanol
was added and incubated in a water bath at a temperature of
55 °C for 4 h with continuous stirring. The mixture was
filtered and re-extracted with 200 mL of 20% ethanol and the
combined extract was reduced to 40 milk. The concentrated
filtrate was transferred into a 250 mL separating funnel and
20 mL of diethyl ether was added to it and shaken vigorously.
The aqueous layer was collected and extracted three times
with 30 mL of n-butanol. The extract was washed three times

saponin by
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with 10 mL of 5% NaCl and heated to evaporate the n-butanol
and the samples were dried in the oven at 40 °C to a constant
weight. Vanillin-acetic acid (0.2 mL, 5% w/v) and 0.8 mL of
perchloric acid were added to 50 all of the n-butanol extract
and heated to 70 °C for 15 min. The mixture was cooled on an
ice bath for 1 min and5.0 mL of glacial acetic acid was added
to it. Absorbance read at a wavelength of 550 nm with UV-
Visible spectrophotometer.

3. Results and Discussion
3.1 Anti-nutritional Characterization

Table 1: Quantitative analysis of Antinutritional content from Allium cepa, Carica papaya and Cucurbita maxima flowers (per 100g weight)

. . Flower samples
Antinutritional factors (mg/100gm) Allium cepa Carica papaya Cucurbita maxima
Tannins 1.72 +0.35 0.44+0.36 2.16+0.17
Phytates 3.06+0.03 6.58+0.05 5.07+0.10
Oxalates 1.51+0.16 3.18+0.18 0.2+0.19
Alkaloids 0.88 £ 0.43 0.18 £0.02 0.35+0.55
Saponins 850+10 23020 50£30
Results presented are mean + SEM (n = 3)
100%
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Fig 1: Graphical representation of the antinutritional determination
The antinutritional factor analysis has been carried out for (5.07+£0.10mg/100gm) and Allium cepa

each of the three edible flowers separately and the results
obtained has been summarised in Table 1 and graphically
presented in Figure 1. All the values were taken in triplicate
(n=3) and the final results presented in + Standard Error of
Mean (SEM) with the unit as mg/100gm.

The tannin concentration was determined by the standard
graph of tannic acid solution and it was found that amongst
the three test flowers, Cucurbita maxima flowers
(2.16+0.17mg/100gm) have a slightly higher tannin
concentration than Allium cepa umbel (1.72+0.35mg/100gm)
and Carica papaya flowers (0.44+0.36mg/100gm). Carica
Papaya umbel have a higher content of phytates
(6.58+0.05mg/100gm) compared to Cucurbita maxima

(3.06+£0.03mg/100gm) flowers. Oxalate is highest in Carica
Papaya flowers (3.18+0.18mg/100gm) with Allium cepa
umbel (1.51+0.16mg/100gm) next in line followed by
Cucurbita maxima flowers with very little oxalate content
(0.2+£0.19mg/100gm). Alkaloids are found in very small
amount in all the three sample flowers with Allium cepa
having the highest (0.88 + 0.43mg/100gm) and Carica
papaya (0.18 +0.02mg/100gm) with the least. Cucurbita
maxima flowers have 50+30mg/10gm of saponin followed by
Carica papaya flowers (230+20mg/100gm) and Allium cepa
umbel containing the majority (850+10mg/100gm).

3.2 Comparative Study 1

Table 2: Anti-nutritional contents of Allium cepa, Carica papaya and Cucurbita maxima flowers compared to Carica papaya fruit [17-
191/Cucurbita maxima fruit ['7 2% 22/Allium cepa bulb [16.17.181 and Carica papaya leaf 2%, Cucurbita maxima leaf [17- 22)/Allium cepa stalk [17]

Antinutritional Allium cepa Carica papaya Cucurbita maxima
Factors (mg/100g) | Flower Bulb Stalk Flower Fruit Leaf Flower Fruit Leaf
Tannins 1.72+0.35| 0.22+0.03 - 0.44+0.3 6.0 310.50+11.5 | 2.16+£0.17 0.35+0.1 180 +4
Phytates 3.06+0.03 8.28 61.02+2.5 | 6.58+0.05 | 22.08+1.80 - 5.07£0.10 | 19.72+1.8 | 38.27+1.20
Oxalates 1.51+0.16| 11.11+2.04 | 29.72+6.1 | 3.18+0.18 | 9.38+1.3 - 0.2+0.19 | 41.22+10.34 | 13.61+£1.91
Alkaloids 0.88+0.43| 4.82 +0.02 - 0.18+0.02 - 1569.13+92 | 0.35+0.55 0.176 63115
Saponins 850+10 | 1110100 540+40 230+20 430£40 898.07+20.6 5030 - 69+1

Results presented are mean + SEM (n = 3)
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Fig 2: Anti-nutrition content from the edible flowers of Allium cepa, Carica papaya and Cucurbita maxima compared with its respective
leaf/stalk and fruit/bulb

The anti-nutrient content of the three studied edible flowers
have been compared to their respective fruit/bulb and
leaf/stalk in Table 2 and pictorially represented in Figure 2.
The fresh edible flowers of Allium cepa have a tannin content
of 1.72 £0.35mg/100gm which is slightly higher than the
tannins recorded in White Allium cepa bulb (0.22 =+
0.003mg/100gm) 31, The Cucurbita maxima flowers have a
tannin content of 2.16+0.17 mg/100gm which is higher than
the tannin content of pumpkin pulp (0.358 = 0.100
mg/100gm) 11 but much lesser than the tannin content of raw
edible pumpkin leaf (180+ 4mg/100gm) [*°l. Carica papaya
flowers have a tannin content of 0.44+0.36mg/100gm which
is lesser than the tannin concentration of raw papaya extracts
(6.0 mg/100g fresh weight) I3 and papaya leaf with a high
tannin  content (310.50mg/100gm) [6l.  Tannins form
reversible and irreversible tannin-protein complexes with
protein, starch and metal chelates and inhibit the activities of
some dietary enzymes such as trypsin, chymotrypsin, amylase
and lipase and interfere with dietary iron absorption 21,

As the daily intake of tannin below the range of 1.5-2.5 g is
safe for human consumption and do not interfere with iron
absorption from diet 241, the edible flowers of Allium cepa,
Cucurbita maxima and Carica papaya can be safely
consumed without any potential side effects.

Human digestive systems are incapable of metabolizing
phytate as it forms insoluble salts with essential minerals like
calcium, iron, magnesium and zinc in food rendering them
unavailable for absorption into the blood stream 4, The
edible Allium cepa umbel per 100gm contain 3.06+0.03 mg of
phytates which is much less compared to its stalk and bulb
containing 61.02 mg/100gm [4 and 8.28mg/100gm [
respectively. Carica papaya umbel is found to have a lower
amount of phytate content (6.58+0.05mg/100gm) when
compared to the raw papaya fruit having 22.08+1.80mg/
100gm [, Also the Cucurbita maxima flowers have
5.07+£0.10 mg/100gm of phytate when compared to its fruit
and leaf containing much higher amounts (19.72+1.8 4 and
38.27+1.20mg/100gm 1 respectively). Humanphytate intake
can be as low as250-350 mg (Western diet) and can even go
up to (= 1000 mg). Thus the studied edible flowers are food
sources within the safe limits of phytate intake 21,

Oxalic acid can form soluble or insoluble salts or esters called
oxalates like Calcium oxalate which may have a deleterious
effect on human nutrition and health by accumulating kidney

~ 58~

stones 1. A diet containing less than 50 mg of oxalate per
day is recommended because the proportion of dietary oxalate
absorbed increases more sharply in a low oxalate diet, thus
reducing the risk of developing Calcium oxalate stones[?®1. The
edible flowers of Allium cepa (1.51+0.16mg/100gm),
Cucurbita maxima (0.2+0.19mg/100gm) and Carica papaya
(3.18+0.18mg/100gm) have a much lesser amount of oxalate
when  compared to their respective onion  bulb
(11.11+2.04mg/100gm) B4/ fruits  of  pumpkin
(41.22+10.34mg/100gm) 241, papaya (9.38+1.3mg/100gm) (14
and onion stalk (29.72+6.15mg/100gm) [/pumpkin leaf
(13.61+1.91mg/100gm) 4. As vegetable food sources the
studied flowers are low in oxalate and can be consumed
freely.

Alkaloids are considered to be anti-nutrients because of their
action on the nervous system and inappropriate augmentation
of electrochemical transmission. Alkaloids also cause
gastrointestinal and neurological disorders [28. Alkaloid
content of the Allium cepa umbel (0.88+ 0.43mg/100gm) is
lesser than its bulb (4.82 + 0.02mg/100) 3. The Carica
papaya flowers contain about 0.18 +0.02 mg/100gm which is
almost negligible when compared to its leaf (1569.13 +
92.58mg/100gm) €1 being extremely rich in alkaloid. The
Cucurbita maxima flowers (0.35+0.55mg/100gm) are slightly
higher in alkaloid content when compared to its fruit pulp
(0.176mg/100gm) 181 but the leaves (631+5mg/100gm) (9 are
rich in alkaloid. Thus the flowers are very low in oxalate
content and do not pose any risk of alkaloid toxicity.

Saponins have been historically considered as antinutritional
factors due to its adverse effects on growth impairment,
reduced food intake, bitterness and throat-irritating activity
but contemporary researches have indicated that some
saponins  stereoisomers may  show  stereospecific
pharmacological activities, as well as stereoselective effects
on ion channel current regulation, cardiovascular system, and
immune system. Safe intakes may vary from about 9 to 420
mg/day for saponins 28, The flowers of Allium cepa, Carica
papaya and Cucurbita maxima have a relatively high level of
saponin containing 850+10mg/100gm, 230+20mg/100gm and
50+30mg/100gm respectively when compared to the other
measured anti-nutrient contents of the flowers. The edible
flower’s saponin concentration is lower than their fruit or
leafy counterparts as presented in Table2.
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Table 3: Anti-nutritional contents of Allium cepa, Carica papaya and Cucurbita maxima flowers compared to other common edible flowers

IAntinutritionall Allium cepa| Carica papaya |Cucurbita maximajMoringa oleifera) Musa paradisiaca [Musa acuminata Woodfordia
Constituents | (onion) (papaya)) (pumpkin) (Moringa) (Plantain) (Plantain) fruticosa (L.) Kurz.
(mg/100g) flowers flowers flowers flowers 2334 | Flowers [17: 3] flowers B¢ | (Dhataki) flowers 7]
Tannins 1.72+0.35 0.44+0.36 2.16+0.17 60 88.31 +4.53 86.87+2.43 204+ 0.2
Phytates 3.06+0.03 6.58+0.05 5.07+0.10 0.436 2.52+0.23 28.78+2.72 60+ 5
Oxalates 1.51+0.16 3.18+0.18 0.2+0.19 51.23 169+23.5 20.54+2.08 60+ 10
Alkaloids 0.88+0.43 0.18 +0.02 0.35+0.55 3870 1560200 71.09+0.48 -
Saponins 850+10 230+20 50+30 15.20 1430+ 14 387.51+1.79 -

Results presented are mean + SEM (n = 3)
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Fig 3: Graphical representation of the Anti-nutritional contents of Allium cepa, Carica papaya and Cucurbita maxima flowers compared to other
common edible flowers

In Table 3, Allium cepa, Carica papaya and Cucurbita
maxima flowers have been compared with four other
commonly consumed edible flowers, namely Moringa
oleifera, Musa paradisiaca, Musa acuminata and Woodfordia
fruticosa (L.) Kurz. The four edible flowers have been chosen
because of their easy availability and high consumption rate
across wide range of areas in South East Asian countries. The
literature on phytochemical studies shows that the flowers of
Moringa oleifera, Musa paradisiaca, Musa acuminata and
Woodfordia fruticosa (L.) Kurz have higher amount of anti-
nutritional content when compared to the edible flowers of
Allium cepa, Carica papaya and Cucurbita maxima.

Amongst the compared flowers, Carica papaya have the least
number of tannins (0.44+0.36mg/100gm) with Woodfordia
fruticosa (L.) Kurz. Having the highest amount (204+
0.2mg/100gm) B3 Though the entire plant parts of
Woodfordia fruticosa Kurz is consumed in different South
East Asian countries because of its many therapeutic
properties, but particularly, its flowers are in great demand in
domestic and international markets specialized in the
preparation of herbal medicines.

Moringa oleifera flowers have the least amount of phytates
(0.436mg/100gm) 1 while the Woodfordia fruticosa (L.)
Kurz flowers have the most (60+ 5mg/100gm) 31 amongst
the compared flowers.

Cucurbita maxima flowers have the least amount of oxalate
having 0.2+0.19mg/100gm and Musa paradisiaca flowers
have the highest quantity having 169+23.5 mg/100gm [4
amongst the compared edible flowers. The flowers ofMusa
paradisiacaare used to treat ulcers, dysentery, and bronchitis
and cooked flowers are good food for diabetics, cooked as

~5g~

vegetable in South-East Asia 34,

Carica papaya having 0.18 +0.02mg/100gm carries the
lowest amount of alkaloid, with Moringa oleifera flowers
containing an enormous amountof3870 mg/100gm %, The
moringa flowers have been traditionally used in tonics that are
meant to reduce inflammation and for nursing mothers. The
flowers are also enjoyed as a snack by deep frying them in oil
[35]

The saponin content of all the three test flowers is relatively
high. But when compared to the other four edible flowers, it is
found that the Moringa oleifera flowers have the smallest
amount (15.20mg/100gm) °1 while the Musa paradisiaca
flowers have the highest (1430 + 14 mg/100gm) B4, This
confirms that the studied edible flowers of Allium cepa,
Carica papaya and Cucurbita maxima are relatively low in
anti-nutritional content than some of the most common edible
flowers available.

4. Conclusion

Antinutrients are chemicals which have been evolved by
plants for their own defence and reduces the maximum
nutritive value present in a food. Some of these plant
chemicals are either harmful to health or evidently
advantageous to human and animal health if consumed at
appropriate amounts %1,

The studied flowers of Allium cepa, Carica papaya and
Cucurbita maxima are low in anti-nutrients (tannin, phytate,
oxalates, alkaloids) but the saponin content is significantly
higher in the three flowers. Although saponins were
recognized as anti-nutrient constituents, studies suggests that
saponins possess hypocholesterolaemia, immunostimulatory
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and anticarcinogenic properties 7. Tannins, water-soluble
polyphenol have a great role in reforming the mood,
increasing alertness as well as performance of an individual, if
used within the permissible limits B8, The flowers of Allium
cepa, Carica papaya and Cucurbita maxima have tannin in
very small amounts when compared to a single cup of tea
containing approximately 195 mg/100 g of tannins %1,

Most of the toxic and antinutrient effects in the flowers could
be removed by several processing methods. Although the
processing treatments may alter the chemical composition and
mineral content of the flowers to some extent, but the use of
certain traditional food preparation methods such as
fermentation, cooking, soaking and puffing can significantly
reduce the anti-nutrient content. Pressure cooking was found
to be the best process for removal of anti-nutritional factors
139, Thus the studied edibles flowers being poor sources of
antinutrient content, makes the flowers much favourable for
consumption.
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