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Abstract: The usage of combination of onion (Allium cepa), tomato (Solanum lycopersicum) and garlic (Allium
sativum) in legume preparations is vogue in North India but the amounts of these three additives need to be
optimized to enhance iron bioavailability from the legumes. Four levels of the three additives were set where onion
and tomato were added to 100 g of base legume i.e. dehusked mungbean (Vigna radiata) @ 25, 50, 75 and 100g
each while garlic was added @ 5, 10, 15 and 20g. The inclusion of the combination of onion tomato and garlic at
levels Level 1 (4.55), Level 2 (5.37), Level 3 (5.80) and Level 4 (7.11) had a significantly (p<0.05) higher ascorbic
acid level when compared to the legume with no additive (0.26mg). B-carotene content increased significantly
(p<0.05) at all the levels (15.42 to 36.2ug) when compared to the legume with no additive (13.64ug/100 g fresh
weight) Similarly, the in vitro iron bioaccessibility increased significantly (p<0.05) when the level of fortification
increased, the percent increase being 11.9, 14.1, 25.6 and 54.6 % at Level 1, 2, 3 and 4, respectively when
compared to the legume with no additive . The study concluded that the combination of onion (100g), tomato (100g)
and garlic (20g) can enhance the bioaccessibility of iron from legumes maximally, hence, the observation can be
useful in evolving dietary strategies to maximize the bioavailability of minerals from legumes.
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INTRODUCTION in human absorption studies (Garcia-Casal, 2006) by
providing a more soluble source of iron which iady

to be absorbed by regular pathways as well as by ab
sorption through a carotenoid-iron complex. Tomato

Eradication of iron deficiency anemia is an impotta
goal of international community in order to improve

nutritional and health status of the populationssst- ;14 rich in organic acids which is known to proenot

ing on cereal-legume based diets. This can beathie e ansorption of iron from plant foods (Hemalagha
by giving a right direction to the habitual meattpens al., 2005).

through fortification of common food preparations e maiority of the rural and urban Indian househol
with optimized proportions of key foods known t0 ,qe5 onion, tomato and garlic in combination rather

enhgnce the bioavai!ability of iron. Inclgsion_ofim, than individually in most of the legume preparasion
garlic and tomatoes in legume preparations is @€t o, 2015). There is sufficient work done on the
in Indian diets from times immortal. These additive independent effect of the each additive on the dioa

have t_he _e_:vidence of being the enhancers of irorl:essibility of iron in food preparations howeveng t
bioavailability (Gautamet al., 2010a, Gautanet al., combined effect of three additives omvitro iron bio-

2011a and Binget al., 2014). Garlic Qllium sativa)  5ccegsibility is not reported. The study aims tdi-op
and onion QAllium cepa), which are liberally consumed | ,.-0 the quantities of onion, tomato and garliche

in Indian diets, are rich sources of sulphur conmuisu 5 44eq to a base legume in order to enhance its iron
such as thiosulfinates, sulfides, polysulfides, capr bioaccessibility

tans and other odoriferous sulphur compounds. Both
the allium species caused an increase in iron bioaccesMATERIALSAND METHODS
sibility ranging from 10-73% in different cerealach
legumes (Gautanet al., 2010a). p-carotene, lyco-
pene, lutein, beta cryptoxanthin and zeazanthin
: . ., ume was thoroughly washed and pressure cooked

are some of the carotenoids present in appreciabl o i ;

. . 15psi) in 350 ml of water for 5 minutes. Salt,naric
amounts in tomatoes. These carotenoids have bee

demonstrated to improve iron absorptionvitro and and red chilli powder were adde.d at the rate af.g,
and 1.5¢g/100g, respectively. Inclusion of onionjigand

Dehusked mungbeanvigna radiata) was procured
from the local market. One hundred grams of the leg
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tomato was made through sautéing (oil, 15g). dtesing of available iron.

five levels were set: Statistical analysis: Mean and standard deviations
The experimental samples for all the levels werdg- su were computed for the data. Analysis of variance
jected to organoleptic evaluation using 9 point éféd  was employed to assess the synergetic effect of dif

Level L egume (g) Combination [onion (g) + fe_r_ent levels of add!t!ves oim vitro iron bioaccessi-
9 9 tomato (g) + garlic (g)] bility and other nutritional parameters.

Level O 100 -
Level 1 100 25 + 95 + 5 RESULTS AND DISCUSSION

Level 2 100 50 +50 + 10 No significant difference in colour, appearancaydir
Level 3 100 75+75+15 and texture was observed when the base legume was
Level 4 100 100 + 100 + 20

fortified with a combination of onion, tomato andrg

Scale. A panel of ten semi-trained judges evalutited |ic at all the four levels. However, Level 1 rankiadt
samples for their appearance, colour, taste, flaggture  in colour, appearance and flavor and Level 4 far te
and overall acceptability. The cooked samples were  ture and taste. The taste score was found to Inéfisig
mogenized in a stainless steel mixer and usedh®r t cantly (p<0.05) higher at Level 4 when compared to
chemical analysis. A portion of each homogenized-sa [evel 2. The overall acceptability of the legumepa-
ple was dried in hot air oven at +60°C till constamight.  ration fortified at Level 1 was maximum followed by
The dried samples were ground and stored in devdnta |evel 4. The results showed that Level 1 and Lével
nated zip lock bags for the analysis. The expertelen had comparatively higher overall acceptability ame
samples were prepared in three replicates forsal e pared to other two levels but the differences vetee
mations. The samples were examined for moisturgistically non-significant (Table 1). The inclusiaof
(AOAC 1990), ascorbic acid (AOAC 1995);carotene  the combination of onion tomato and garlic at Lelel
(Rangana 1995) and cysteine (Liddell and SavillB919 (4.55), Level 2 (5.37), Level 3 (5.80) and Level 4
Total iron was determined by Atomic Absorption 3mec  (7.11) had a significantly §9.05) higher ascorbic acid
photometer (AAS) after wet digestion. Bioacces#jodf  |evel when compared to legume with no additive
iron from the samples was determined usingvitro  (0.26mg) as shown in Table 2. The results inditate
method (Luteret al., 1996). This method for estimating food that though dehusked mungbean had negligible amount
iron involves simulated gastrointestinal digestiotowed of ascorbic acid, the addition of onion, tomato and
by measurement of soluble, low molecular weightiiro garlic contributed significantly ¢0.05) to enhance
which diffused across a 6000 to 8000 molecularhteigt-  ascorbic acid in the legume preparation. Ascorbid a
off semi-permeable membrane and was used as aatoidi  has been reported as a strong promoter of ironchioa

Table 1. Organoleptic evaluation of a legume preparatiotified with combination of onion, tomato and gardt different
levels.

Code Colour Appearance Flavor Texture Taste Overall Acceptability
L1 8.2+0.63 7.9+0.57 7.840.42  7.7+0.48 7.610.52 7.8+0.35
L2 7.8+0.63 7.7+0.67 7.5£0.53 7.5+0.53 7.310.48 7.610.46
L3 7.6+0.52 7.4+0.52 7.8£0.42 7.8+0.42 7.7£0.48 7.6£0.34
L4 7.6+0.52 7.5+£0.53 7.8£0.42 7.9+0.32 7.9+£0.32 7.7£0.27
C.Dat5% NS NS NS NS 0.50 NS

Dehusked mungbean was used as base legume ire @kprerimental samples, C.D: Critical value, L1: Lragtt 25 g onion+
25 g tomato+ 5 g garli; L2: Legume+ 50 g onion+gb®mato+ 10 g garlic, L3: Legume+ 75 g onion+ Abmato+ 15 g garlic
L4: Legume+ 100 g onion+ 100 g tomato+ 20 g garlic

Table 2. Ascorbic acid-carotene, cysteine, methionine, total iron, diable iron and %n vitro iron bioaccessibility of a
legume preparation fortified with the combinatidroaion, tomato and garlic at different levels.

Nutrients Level O Level 1 Level 2 Level 3 Level 4 C.D at 5%
Ascorbic acid, mg 0.26+0.05 4.55+0.13 5.37+0.07 80%0.15 7.11+0.10 0.21
B —carotene, ug 13.64+0.27 15.4240.27 18.88+0.02 8&8.07 36.2+0.08 0.28
Cysteine, mg 9.10+0.15 12.14+0.09 12.88+0.02 1018 14.13+0.05 0.22
Total iron, mg 5.19+0.05 4.64+0.02 4.70+0.07 4.4050 4.01+0.08 0.10
Dialyzable iron, mg  0.31+0.06 0.31+0.08 0.32+0.01 .3330.04 0.37+.0.02 0.10

In vitro iron bioac-

cessibility, % 5.97+0.31 6.68+0.20 6.81+0.11 7.5+0.15 9.23+0.04 370.

Values are on per 100g dry matter basis for allpfs@meters except ascorbic acid fnecarotene, Dehusked mungbean was
used as base legume in all the experimental sampIBs Critical value, Level 0: Legume + No additiv@vel 1: Legume+ 25

g onion+ 25 g tomato+ 5 g garlic, Level 2: Legun¥®+g onion+ 50 g tomato+ 10 g garlic, Level 3: Legd 75 g onion+ 75 g
tomato+ 15 g garlic, Level 4: Legume+ 100 g onid®® g tomato+ 20 g garlic
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Level 1 Legumes 252 onon 25 gtomatos & ¢ g effect on the bioaccessibility of iron from food.

b Lesune: S0z o 05 om0 e _ Table 2 shows that the total iron content signiftba

Leveld: Legumes 100 g onion+ 100 glomato--20 g garic (p<0.05) decreased with the inclusion of combination
of onion, tomato and garlic at all levels, the ealu

being 4.64 to 4.01 mg/100 g DM as compared to base

legume with no additive (5.19 mg). Contrary to this

the dialyzable iron was maximum in Level 4 followed

by Level 3, Level 2 and Level 1, the values beir®@y0

0.33, 0.32 and 0.31mg/100 g. These results clearly

indicated that the fortification of onion, tomatmda
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% increase, in vifro iron bioaccessibility

garlic in combination to the base legume signiftan
(p<0.05) increased the dialyzable iron when compared
to the cooked legume with no additives. Promoters a
0 inhibitors present in legumes influence the diabea
LEVELL LEVEL2 LEVELS LEVELY iron content which represents the iron availabl¢ht®

Fig. 1. Percent increase in the in vitro iron bioaccessibility human body. The increase in the dialyzable iror wit
of a legume preparation fortified with the combination of  onion fortification can be attributed to rich comttef
onion, tomato and garlic at different levels. thiosulfinates, sulfides, polysulfides, mercaptars
other odoriferous sulfur compounds that has pasitiv
cessibility (Thankacharet al., 2008 and Lane and effect on iron bioaccessibility. Gautaghal., (2010a)
Richardson, 2014). The use of additives namely lem<ound that onion had a significantly<@.05) positive
onade, amla juice, guava fruit, citrus fruit juic@®-  effect on the bioaccessibility of iron from cooked
tato, cauliflower or cabbages which are good saurce green gram and chickpea when added at two lewels i.
of citric acid and ascorbic acid can enhance tbae ir 15 and 30g per 100 g of the legume.
bioaccessibility (Singh, 2013 and Venkatasubranmania The bioaccessibility of iron in cooked green graasw
et al., 2014). In addition to ascorbic acid, tomatoes increased by 17.2 and 32% while for cooked chickpea
also had 0.194 mg % of organic acids. Citric antiana it was increased by 21.2 and 26.3% at the two $evel
acids are organic acids that contribute most taype respectively. Another study conducted by Gaugtm
cal taste of tomato fruit, other acids such asiacet al., (2011a) showed that phytic acid decreased the bio-
formic, trans-aconitic, lactic, fumaric, galactulmn accessibility of iron from raw green gram by 30%,
and a-oxo acids have also been detected (Salugtkhe while onion increased it by 28%. The positive effet
al., 1974). These organic acids have been reported t@nion was predominant even in the presence of phyti
enhance iron bioaccessibility in legumes (Hemalatha acid, and this combination produced a net incréase
al.,, 2005). The present study confirmed that the inclu-iron bioaccessibility by 21%. Similarly, the comain
sion of tomatoes as a source of ascorbic acid #re 0  tion of onion and phytic acid had a net positiveuin
organic acids may prove beneficial in enhancing theence of 30% in iron bioaccessibility from cookedegt
iron bioaccessibility from the food grains. gram, whereas phytic acid independently had a nega-
p-carotene content of the legume preparation forti-tive influence by 27%, and onion had a positivéuinf
fied with onion, tomato and garlic increased signif ence by 31%. Thus, onion completely overcame the
cantly (p=0.05) at all the levels (15.42 to 36.219/100 pegative influence of phytic acid on iron bioacdesis
g fresh weight) when compared to the base legumety from green gram, and also retained the extéitso
with no additive as shown in table 2. Nambiar and positive influence. Garcia- Casal (2006) reporteat t
Sharma (2014) stated th@carotene content of garlic |ycopene, lutein, and zeaxanthin without provitamin
is 2377 pg/ g whereas, Ahametal. (2007) reported  activity in presence of different concentrationgnsfi-
1610 pg/100g ofg- carotene in tomatoes in fresh cantly (p<0.05) increasedn vitro iron absorption in
weight basisf-carotene has been reported as a stronthuman absorption studies from corn and wheat meals.
promoter of iron bioaccessibility in many reported The in vitro iron bioaccessibility was significantly
studies (Garcia-Casat al., 1998, Garcia-Casat al., (p<0.05) higher when the cooked legume was forti-
2000 and Gauturet al., 2010b). The inclusion of on-  fied with onion, tomato and garlic at Level 4 tolled
ion, tomato and garlic at all levels had signifitgan by Level 3, 2 and 1, the values being 9.23, 76581
(p=0.05) higher cysteine content (12.14 to 14.13 mg)and 6.68, respectively (Table 2). The percenteiase
as compared to base legume with no additive (9.1Qn vitro iron bioaccessibility was 11.9, 14.1, 25.6 and
mg) as shown in table 2. Cysteine has peptide®resp 54.6 % at Level 1, Level 2, 3 and 4, respectivehew
sible for enhancement of bioaccessibility of ir&@ng compared to the base legume (Fig. 1). Batgal.
et al (2014) reported that twpglutamyl-cysteine pep-  (2014) revealed that upon the addition of 0.01 mmol
tides (-GCPs), $C2RC7)-L-glutamylSallyl-L-  compound y-L-glutamylS-allyl-L-cysteine, the
cysteine  and SC2RC7)+-Lglutamyl- SpropylL-  bioavailability of iron in mung bean was increased
cysteine present in allium speices had a promotingrom 2.52% to 12.04% with the percentage increase i
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the bioavailability of iron from mung bean being
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340-344.

380%. Gautamet al 2010a reported that garlic en- Gautam, S., Platel, K. and Srinivasan, K. (2016agher

hanced iron bioaccessibility from cooked green gram
to 60.6 and 73.3% at the two levels i.e. 2.5 aig) 5.
per 100g of the legume, respectively. In the case o
cooked chickpea, garlic enhanced the bioaccedgibili
of iron by 10 and 17.2% in cooked grains at the two

levels, respectively.

Conclusion

The study concluded that the synergistic effecormf
ion tomato and garlic at different levels i.e. 85100 g
for onion and tomato and 5 to 20 g for garlic waglw
pronounced as the percent increasmaftro iron bio-

accessibility by 11.9 to 54.6% was observed. The ob

bioaccessibility of iron and zinc from food grainghe
presence of garlic and oniod. Agri. Food Chem., 58:
8426-8429.

Gautam, S., Platel, K. and Srinivasan, K. (2010ifjJuence
of B-carotene rich vegetables on the bioaccessibifity o
zinc and iron from food graing.ood Chem., 122: 668-
672.

Gautam, S., Platel,K.and Srinivasan, K. (2011djuénce of
combinations of promoter and inhibitor on the hioessi-
bility of iron and zinc from food graingnt. J. Food ci.
Nutr., 62: 826-834.

Hemalatha, S., Platel, K. and Srinivasan, K. (200%)uence
of food acidulants on bioaccessibility of zinc ainoh
from selected food graindol. Nutr. Food Res., 49:
960-965.

servations from the study can be useful in evolvingLane, D.J. and Richardson, D.R. (2014). The actie ob

dietary strategies to maximize the bioavailabildfy
minerals from legumes in order to address the prabl
of iron malnutrition.
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