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Abstract

Microgreens have been used for raw consumption and are generally viewed as healthy
food. This study aimed to optimize the yield parameters, shelf life, sensory evaluation and
characterization of total aerobic bacteria (TAB), yeast and mold (Y&M), Escherichia coli,
Salmonella spp., and Listeria spp. incidence in mungbean (Vigna radiata (L.) Wilczek), lentil
(Lens culinaris Medikus subsp. culinaris), and Indian mustard (Brassica juncea (L.) Czern &
Coss.) microgreens. In mungbean and lentil, seeding-density of three seed/cm?, while in
Indian mustard, eight seed/cm? were recorded as optimum. The optimal time to harvest
mungbean, Indian mustard, and lentil microgreens were found as 7™, 8", and 9" day after
sowing, respectively. Interestingly, seed size was found highly correlated with the overall
yield in both mungbeans (r* =.73) and lentils (r* = .78), whereas no such relationship has
been recorded for Indian mustard microgreens. The target pathogenic bacteria such as Sal-
monella spp. and Listeria spp. were not detected; while TAB, Y&M, Shigella spp., and E. coli
were recorded well within the limit to cause any human iliness in the studied microgreens.
Washing with double distilled water for two minutes has shown some reduction in the overall
microbial load of these microgreens. The results provided evidence that microgreens if
grown and stored properly, are generally safe for human consumption. This is the first study
from India on the safety of mungbean, lentils, and Indian mustard microgreens.
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Introduction

Microgreens are nutritionally superior food that can be produced from several crops including
vegetables, herbs, grains, and some wild species and offer a good option for addressing the
problems arising due to rapid urbanization [1]. Microgreens are generally seven to twenty-one
days old tender immature greens of 5-10 cm height having three major parts: cotyledonary
leaf, stem, and a pair of true leaves [2, 3]. The use of microgreens was reported for the first
time during the late 1980s by the chefs working in some restaurants located in San Francisco,
California, United States of America (USA) for culinary purposes [4]. The global microgreens
market has four broad segments, (i) Green types (Brassicaceae, Asteraceae, Fabaceae or Legu-
minosae, etc.); (ii) Farm types (outdoor farming, greenhouse farming, vertical farming); (iii)
End-uses (food & beverages, cosmetics, etc); and (iv) Region-based (North America, Latin
America, Europe, Asia Pacific, Middle East, and Africa) [5].

The USA is a major contributor to the microgreens global market, followed by Canada and
Mexico. By geography, North America is leading the microgreens market with a share of
nearly 50% in terms of dollar sales in 2019 [6]. The large-scale microgreens farming in the
USA and consumption (mostly in the restaurants) are supporting the market in this region
[6]. During 2020-2025, the microgreens market at the global level is anticipated to grow at a
compound annual growth rate (CAGR) of 7.5-8.0% [7]; while the microgreens market in the
USA is projected to register a CAGR of 10.1% [5]. Microgreens are generally produced as an
organic product; however, now trend is shifting towards biofortification of microgreens for
various minerals including Selenium [8], Fe, and Zn [9]. Microgreens can be comfortably
grown irrespective of season in a variety of growing media, depending on the scale of produc-
tion [3, 10]. Optimization of seeding density and day of harvesting will help in minimizing the
microgreens production cost.

Microgreens are usually consumed without heat treatment or decontamination [11] and
when compared to sprouts, microbial contamination is not so rampant in microgreens [11,
12]. However, many recalls have happened in the USA and Canada due to Salmonella [13, 14],
and Listeria contamination [15-18]. Salmonella spp., Escherichia coli, and Listeria spp. are the
most common bacterial pathogens associated with fresh produce and sprouts [19-23]. The
microflora of microgreens is reportedly influenced by the type and composition of growing-
medium (soil, peat, vermiculite, or hydroponics) [12, 24, 25], seed-contamination, care taken
during harvesting and storage of the microgreens [18].

Being fresh-cut product, microgreens have a relatively very short shelf life, which does vary
depending upon the species [26, 27]. The quick post-harvest quality deterioration is also due
to their high surface area to volume ratio, delicate leaves, and high respiration rate [28-30].
Immediately after harvest, microgreens can be marketed or should be washed, packed, and
stored under cool conditions (1-5 °C) [24, 26]. Thus, various post-harvest treatments such as
washing, packaging, and storage conditions become very crucial for extending their shelf life
including the sensory qualities of freshly cut microgreens [29-31]. Several sanitizers, including
washing of microgreens with tap water, chlorinated water, citric acid, ascorbic acid, and their
subsequent storage at 5°C for up to 9 days was reported on Chinese cabbage microgreens [29].
Amongst all the variables, storage temperature is considered as the key factor affecting overall
quality including microgreens shelf life [26, 31]. This study was aimed to optimize various
yield parameters including seeding density and day of harvesting of microgreens of mungbean,
lentil, and Indian mustard. These microgreens were also washed, packed, and stored for a vari-
able duration at refrigeration temperature for shelf life and evaluation of microbial load (TAB,
Y&M, E. coli, Salmonella spp., and Listeria spp.).
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Table 1. Genotypes, seed-weight, and moisture content in the studied lentil, mungbean, and Indian mustard microgreens.

S. No.
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1.

Genotype
Pusa Baisakhi
Pusa Ratna
Pusa Vishal
Pusal05
Pusa0672
Pusa9072
Pusa9531
MH9%6-1
MH318
MH421
MH521
MHS810
ML512
ML818
PS16
TM96-2
IPM02-3
IPMO02-14
1PM409-4
PMR-1

PM-28

Where values are expressed as mean+SD (n = 3).

https://doi.org/10.1371/journal.pone.0268085.t001

(a) Mungbean microgreens (b) Lentil microgreens
10 seed weight (g) Moisture (%) Genotype 10 seed Weight (g) Moisture (%)
.37+.02 92.76%1.03 L4076 .21£.006 83.59+1.64
41+.01 91.14%.69 L4147 .25+.015 85.53+1.73
.54+.015 90.01+1.44 14594 .35+.01 83.99+2.27
43+.021 90.46+.82 L7903 .35+.02 83.59+2.24
42+.02 92.59+2.00 HM1 .37+.06 85.70+1.52
.40+.031 90.13+.93 BM4 .22+.03 84.21+2.35
.33+.015 91.77+1.32 JL1 27+.015 84.55+1.37
.40+.021 92.00+1.41 Sehore74-3 .24+.02 84.32+1.81
48+.01 92.08+1.35 NDL1 .22+.06 85.21+1.13
.40+.017 92.46+1.66 IPL81 .21£.06 85.62+1.11
.38+.06 92.22+.86 1PL321 .34+.01 83.97+1.90
.33+.06 92.41£2.30 K75 .28+.015 82.69+2.48
31+.015 92.78+.92 KLS218 .21£.006 85.19+1.28
.37+.08 92.92+1.43 DPL58 .32+.015 84.61+2.45
.30+.01 91.70£1.01 DPL62 .33+.006 84.37£1.76
.36+.02 91.76+1.33 PL1 .38+.015 83.45+1.28
41+.012 93.06+1.07 PL2 .30+.03 83.65+1.96
41+.08 91.95+1.34 PL6 .28+.015 84.95+1.39
.32+.06 91.54+1.78 L830 .20+.006 85.95+1.01
.35+.012 91.80+1.02 L4602 .39+.01 82.93+1.29
(c) Indian mustard microgreens (100 seed weight, g)
.44+0.03 90.5+1.3 2. PDZM-31 .33+£0.02 89.83+1.9

Material and methods
Genotypes used and growing conditions

To optimize the seeding density, harvesting stage, and marketable yield, seeds of 20 mungbean
and lentil genotypes each and two Indian mustard genotypes (Table 1; Fig 1) were sown in
three replications with different seeding-density: two-seed/cm?, three-seeds/cm?, and four-
seeds/cm? for mungbean and lentil, while six, eight, and ten seeds/ cm? for Indian mustard.
The selected mungbean and lentil genotypes were very diverse for several parameters includ-
ing antioxidant activities and the mineral profiles [3]. In addition, PDZM31 (Pusa Double
Zero Mustard-31) is the first double zero (erucic acid <2% and glucosinolates <30ppm) mus-
tard variety of India [32], while PM28 is a short duration variety. Microgreens are commer-
cially produced under partially controlled conditions on different growing-medium like
cocopeat or a combination of cocopeat, vermiculite, and sand. In addition, to avoid any varia-
tions (in quality of the produce) due to the growing conditions (temperature, photoperiod,
etc.), the genotypes were grown under partially controlled conditions in the National Phyto-
tron Facility, IARI, New Delhi which is located at the latitude, longitude, and altitude of
28.6412° N, 77.1627° E, and 228.61 m AMSL, respectively. The desired temperature was main-
tained for mungbean (28/26°C), lentils (21/18°C), and Indian mustard (21/18°C) along with a
10:14 h of day and night cycles.

Freshly harvested seeds (Table 1) were obtained from the Division of Genetics, IARI, New
Delhi having more than 90% germination. The seeds were surface-sterilized at room
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(b) Mungbean ) (c) Brassica

Fig 1. The mungbean, lentil, and Indian mustard genotypes used in the study. Where (a) mungbean genotypes are 1. Pusa Baisakhi, 2. Pusa Ratna, 3.
Pusa Vishal, 4. Pusal05, 5. Pusa0672, 6. Pusa9072, 7. Pusa9531, 8. MH96-1, 9. MH318, 10. MH421, 11. MH521, 12. MH810, 13. ML512, 14. ML818, 15.
PS16, 16. TM 96-2, 17. IPM02-3, 18. IPM02-14, 19. IPM409-4, 20. PMRI; (b) lentil genotypes are 1. L4076, 2. L4147, 3. L4594, 4. L7903, 5. HM1, 6.
BM4, 7.]L1, 8. Sehore74-3, 9. NDL1I, 10. IPL81, 11. IPL321, 12. K75, 13. KLS218, 14. DPL58, 15. DPL62, 16. PL1, 17. PL2, 18. PL6, 19. L830, 20. L4602;
while (¢) Indian mustard genotypes were 1. PM28 and 2. PDZM31.

https://doi.org/10.1371/journal.pone.0268085.9001

temperature (24°C) for one minute in 1% sodium hypochlorite (NaOCI) solution and rinsed
twice with sterile water [33] and then sown in plastic trays (38x28x6 cm) in three replicates.
The autoclaved (120°C, 120 Pa, 90 min) growing-medium consisted of coco peat: vermiculite:
sand (2:1:1) was used for growing these microgreens. Based on the growth rate, harvesting was
performed at different durations for mungbean (after 5t 7th and 9t day), lentil (after 7t gth
and 11" day), and Indian mustard (after 6™, 8" and 10" day) microgreens.

Microgreens were harvested using ethanol-cleaned scissors by cutting the stem approxi-
mately 1.0 cm above the growing medium and were immediately weighed using analytical bal-
ance to determine the total fresh weight (FW). Afterward, these were dried in hot air GenLab
vertical oven (40°C for 72h), then weighted and kept in an airtight container for further bio-
chemical analysis. The moisture content was calculated as per the equation:

{Initial Weight (g) — Final weight (g)}
Initial Weight (g)

Moisture (%) = x 100
Where, Initial weight (g) = Weight of fresh microgreens after harvesting; Final weight (g) =
Weight of microgreens after 72h of drying at 40°C

Microgreens microbial load analysis

The incidence of total aerobic bacteria (TAB), yeast & mold (Y&M), Salmonella spp., Shigella
spp., Listeria spp., and E. coli were assessed for both unwashed (freshly harvested) and washed
samples of mungbean (genotypes MH-810, MH-318, PS-16), lentil (genotypes K75, L4594,
L830), and Indian mustard (genotypes PM28, PDZM31) microgreens as obtained from the
partially controlled conditions. The washing was performed using double distilled water for
two minutes and then samples were air-dried in the laminar airflow (Svision, India). The
mungbean, Indian mustard, and lentil microgreens were harvested on 7%, 8, and 9" day of
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sowing, respectively, and were stored in zip lock bags at 4°C and 1.0 g tissue was used to study
the microbial load at 1%, 2", 4™, 8", and 12™ day (day of harvest was considered 1% day).

Microbial growth was assayed following the standard protocols [34, 35]. A 1.0 g sample was
incubated in 10.0 mL sterile phosphate-buffered saline (PBS, 10x solution from Sigma Aldrich,
USA) and vortexed (15 min). Plating of serially diluted samples (1.0 mL) was done on different
agar plates. TAB population was identified by plating samples on nutrient agar (NA) supple-
mented with Amphotericin b (5.0mg/mL; an anti-fungal agent) and incubated at 37°C for
24-48h. Y&M enumeration was performed by plating samples on potato dextrose agar (PDA,
Merck, Germany) supplemented with 50.0 mg/mL Chloramphenicol and incubated at 25°C
for 48 to 72h.

Salmonella and Shigella were recorded (based on their colony morphology) by plating the
samples on Xylose Lysine Deoxycholate agar (XLD, Merck, Germany) supplemented with
Amphotericin b (5.0mg/mL) and incubated in dark at 35+2°C for 24 h. Listeria spp. was iden-
tified by plating the samples on Chromed Listeria Agar (Merck, Germany) supplemented with
Nalidixic acid (13.0mg/mL), Ceftazidime (10.0mg/mL), and Amphotericin b (5.0mg/mL) and
incubated at 37°C for 24 h. E. coli O157:H7 population was identified by plating the samples
on Sorbitol MacConkey agar (Merck, Germany) and incubated at 37°C for 24 h. Each micro-
bial count was determined as the mean of three measurements and the result was expressed as
log CFU per g of tissue.

Microgreens shelf life and sensory evaluation

For shelf life and sensory evaluation, two genotypes each of mungbean (MH810 and MH318),
lentil (L830 and K75), and Indian mustard (PM28 and PDZM31) microgreens were harvested
at the optimum stage and stored in food-grade linear low-density polyethylene (LLDPE) bags
to avoid cross-contamination [30]. For mungbean and lentils, the genotypes having largest
and smallest seed sizes were selected. The LLDPE bags are of 16x12 cm size (8.0 g per bag) and
51y thickness. The samples were then stored in three replications at 4°C (in dark) for different
durations. A panel of seven semi-trained judges (aged 24-45 years) from the IARI, New Delhi
(India) performed the sensory evaluation [36]. Sensory evaluation (color & appearance,
aroma, taste, and overall acceptability) was performed after 2nd 4t and 6t day of storage
using a 10-point hedonic scale (10 = like ultimate, 9 = like extremely, 8 = like strongly, 7 = like
moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike slightly; 3 = dislike moder-
ately, 2 = dislike strongly, and 1 = dislike extremely [34]. A score of 6 was considered as the
limit of salability [37]. A sample size of 2.0 g of each microgreen was used for evaluation.

Electrolyte leakage analysis

The electrolyte leakage of freshly harvested and stored microgreens was measured to find the
possible tissue deterioration during storage. For this, 20.0g microgreens sample (from each
replicate) was dipped in 400 mL deionized double distilled water (at 20 "C) and gently shaken
for 30.0 min. The solution conductivity (ps/cm) was then measured using a conductivity meter
(Orion 4-star portable pH/conductivity meter; Thermo Electron Corporation, U.S.A.) by dip-
ping the probe in the sample solution [29, 38].

Statistical analysis

The experiments were conducted thrice and the results were presented as mean+SD. One-way
analysis of variance (ANOVA) was performed using SPSS11.5 to compare the groups, and
Pearson’s correlation test was used to assess the correlation between means. The mean com-
parison was performed using Tukey’s test and a P<0.05 was regarded as significant.
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Results and discussion

There has been a growing interest in promoting a healthy lifestyle including consumption of
nutritious and quality foods, and microgreens offer a very good option [27, 38-40]. However,
growing conditions of microgreens affect their overall yield, while their storage for some time
may facilitate the growth of certain harmful microorganisms having food safety risks. Thus,
this study was aimed to find the optimum growth parameters, sensory details, and existing
microbial load during storage of mungbean, lentil, and Indian mustard microgreens.

Optimization of microgreens yield

The growing medium is very crucial for proper germination, growth of microgreens and its
physical properties including porosity and water holding capacity [41]. Three combinations of
growing medium consisting of cocopeat: vermiculite: sand in the ratio of 1:1:1, 2:1:1, and 2:2:1
was studied and 2:1:1 medium was found best in terms of water holding capacity. For this
growing-medium combination, we generally need only 1-2 light irrigation when microgreens
were grown in plastic trays (without holes) under greenhouse conditions [42]. The trays were
placed on a leveled surface on benches [24] and two most common factors affecting the total
yield include seeding density and plant growth. Also, harvesting microgreens at the right stage
is the key production strategy, since the time from sowing to harvesting varies greatly from
crop to crop [3, 42].

Optimum seeding density is very specific to the crop species and is generally based on
mean seed weight and germination (%) [42]. The yield of microgreens in this study showed an
increasing trend with increasing seeding-density (Table 2a and 2b, Fig 2a). But, once it crossed
the optimum seeding density, the marketable quality of microgreens got deteriorated. In

Table 2. Lentil and mungbean microgreens yield of twenty genotypes each at different seeding densities.

S. No. | Genotype (a) Mungbean

1 Pusa Baisakhi
2 Pusa Ratna
3 Pusa Vishal
4 PusalO5

5 Pusa0672

6 Pusa9072

7 Pusa9531

8 MH9%6-1

9 MH318

10 MH421

11 MH521

12 MHS810

13 ML512

14 ML818

15 PS16

16 TM96-2

17 IPMO02-3

18 IPMO02-14
19 1PM409-4
20 PMR-1

2-Seed/cm”
1854.38+19.69¢
2080.59+49.80abc
2168.47+55.70a
2137.43+60.88ab
2010.75+21.22abcde
2143.69+50.95a
1922.23+59.60de
1886.18+94.93e
2078.95+41.11abcd
1946.48+66.58cde
1953.81+25.14cde
1961.55+51.24cde
1983.22+16.43bcde
1950.20+52.34cde
1906.26+12.39%¢
1918.21+22.95e
1980.96+43.88bcde
1978.93+37.96cde
1939.30+93.27cde
1891.20+42.48e

Yield (g/m?) Genotype (b) Lentil Yield (g/m?)

3-Seed/cm® 4-Seed/cm> 2-Seed/cm” 3-Seed/cm” 4-Seed/cm?
1952.94+36.63g 2125.46+18.68f L4076 948.60+36.28defg 1059.79+64.44de 1192.44+40.53¢
2258.32+54.82bcd | 2359.00+54.75bcd | L4147 976.54+47.54defg 1083.73+86.59bcde | 1186.88+81.20c
2450.11+46.45a 2572.00+47.76a 14594 1068.92+77.35abcdef | 1206.95+82.17abcd | 1308.94+66.62abc
2348.23+73.03abc | 2449.06+54.31abc | L7903 1073.90+29.56abcdef | 1165.06+62.68abcde | 1293.067+87.81abc
2170.39+51.06cdef | 2306.78+64.19cde | HM1 1093.66+75.70abcde | 1146.97+84.08abcde | 1270.763+85.09abc
2396.13+50.25ab 2498.30+61.15ab BM4 962.85+36.99defg 1071.18+77.97cde 1219.927+48.80bc
2021.69+66.35fg 2215.75+70.09def | JL1 900.63+27.88g 1053.69+98.26de 1213.727+94.52bc
1974.84+48.69g 2159.79+71.78ef Sehore74-3 941.36+45.25efg 1024.47+28.27de 1129.1+£29.31c¢
2359.50+81.37abc | 2461.43+69.90abc | NDL-1 899.45+8.41g 1028.14+58.64de 1148.75+£79.44c
2069.36+83.16defg | 2213.84+47.42def | IPL81 934.37+66.02fg 1061.88+69.52de 1215.28+58.52bc
2063.26+33.97¢fg 2200.01+40.77def | IPL321 1147.73+55.78abc 1281.78+29.61ab 1393.13+84.96ab
2128.19+54.61defg | 2222.92+66.69def | K75 1009.39+19.00cdefg 1108.51+80.06abcde | 1241.32+54.64abc
2116.78+68.51defg | 2237.32+60.56def | KLS218 1060.88+67.23bcdef | 1127.87+92.47abcde | 1292.173+37.23abc
2088.94+85.37defg | 2193.02+82.51def | DPL58 1105.28+41.91abed 1190.85+60.31abcd | 1300.613+13.18abc
1986,40i49.02fg 2123.35+17.74f DPL62 1222.56+£60.79a 1283.51+36.74ab 1417.9+56.23a
2045.65+63.86efg 2241.09+55.77def | PL1 1176.23+41.11ab 1272.97+67.25abc 1404.6+57.61ab
2173.12+81.03cdef | 2307.45+38.02cde | PL2 1078.94+84.25abcdef | 1201.25+48.27abcd | 1322.463+47.53abc
2213.03+67.78bcde | 2348.99+46.91bcd | PL6 977.05+6.30defg 1044.06+48.41de 1171.65+49.79¢
2110.64+66.59defg | 2219.83+50.50def | L830 900.80+28.73g 977.14+52.80e 1138.75+57.31c
1996.22+21.63fg 2161.29+70.50ef L4602 1171.95+65.19ab 1289.38+31.36a 1392.777+36.13ab

Where mungbean at 07 day, while lentil was harvested on 09" day after sowing. Values are expressed as mean+SD (n = 3) and different letters indicate a significant

difference (P<.05). Values in bold represent maximum and minimum values.

https://doi.org/10.1371/journal.pone.0268085.t1002
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mungbean, the microgreens yield at 2-seed/cm” was recorded from 1854.38+19.69 to 2168.47
+55.70 g/m”, while at 4-seed/cm? this was 2123.35+17.74 to 2572.00+47.76 g/m”. Similarly, in
lentils, the microgreens yield recorded at 2-seed/cm* was 899.45+8.41 to 1222.56+60.79 g/m”
while at 4-seed/cm? this was 1129.10+29.31 to 1417.90+56.23 g/m”. The yield of Indian mus-
tard microgreens at 6-seed/cm” ranged from 1091.56+41.09 to 1101.70+21.37 g/m?, while at
10 seed/cm? this was from 1333.88+31.32 to 1355.78+28.04 g/m”. The yield details are pre-
sented in Table 2a and 2b and Fig 2a. For mungbean, and lentils 3-seed/cm* was found opti-
mum, while for Indian mustard it was 8-seed/cm”. Any increase in the seeding density beyond

(a) 1500
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1300
~N
€ 1200
2
2 1100
L)
[}
s 1000
900
800
6-Seed/cm2 8-Seed/cm2 10-Seed/cm2
Seeding density
(b)
1400
1200
__ 1000
E
2
S 600
2
” 400
200
0
6D 8D 10D
Harvesting (days)
mPM28 m PDZM31

Fig 2. Microgreens yield of two Indian mustard genotypes (PM28 & PDZM31) (a) at a seeding density of 6, 8, and 10
seed/cm” on 8™ day after sowing and (b) at 6™, 8", and 10™ day of sowing. Where ‘D’ is days after sowing and values are
expressed as mean+SD (n = 3).

https://doi.org/10.1371/journal.pone.0268085.9002
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optimum resulted in poor marketable-quality produce. Excessive plant stand resulted in unde-
sirably elongated shoots (due to more congestion and competition). Higher seeding density
also hampered air circulation, favorable for fungal growth [43]. In addition, increase in seeding
density result in higher seed cost.

Day of harvesting is also equally important for reaping the best marketable-quality yield.
On 5" to 9™ day, the mungbean microgreens yield ranged from 1773.87+30.32 to 2645.06
+52.60 g/m? while on 7 to 11" day, the lentil microgreens yield ranged from 840.14+45.87 to
1411.29+77.66 g/m* (Table 2) and the Indian mustard microgreens yield on 6™ to 10" day ran-
ged from 1070.66+35.13 to 1346.87+27.27 g/m? (Fig 2b).

Different microgreens species have different harvesting stages to achieve their marketable
hypocotyl length and leaf area to reap maximum economic benefit. The mungbean, Indian
mustard, and lentil microgreens have different growth rates and under studied conditions; 7™,
8™, and 9" day, respectively were found optimum for harvesting (Table 3; Fig 2b). Even
though the overall yield recorded was higher during the later stages of harvesting, the quality
of microgreens got deteriorated (S1 Fig). Additionally, significant genotypic differences for
yield were observed in the studied microgreens. Similarly, the microgreens yield was recorded
as 659 g/m” in Brassica oleracea L. and 1548 g/m” in Cichorium intybus L. [27]. Also, the

Table 3. Microgreens yield (g/m?) of twenty lentil and mungbean genotypes at different days of harvesting.

S. (a) Genotype (Mungbean) | Yield (g/m?)

No. 7th Day

1 Pusa Baisakhi 1813.20+69.61ef

2 Pusa Ratna 2102.33+80.50abc

3 Pusa Vishal 2160.84+51.31a

4 Pusal05 2057.28
+53.13abed

5 Pusa0672 1908.95+51.06def

6 Pusa9072 2111.14+59.04ab

7 Pusa9531 1887.31+60.65def

8 MH96-1 1871.41+49.61ef

9 MH318 2053.67
+77.74abed

10 MH421 1864.41+66.45ef

11 MH521 1973.14
+81.49bcde

12 MH810 1894.74+34.21def

13 ML512 1930.35+50.62cdef

14 ML818 1901.11+46.00def

15 PS16 1778.65+28.04f

16 TM96-2
17 IPMO02-3
18 IPMO02-14

19 1PM409-4
20 PMR-1

1849.26+52.26ef
1932.44+49.40cdef

1955.46
+48.08bcde

1869.92+55.11ef
1773.87+30.32f

(b) Genotype (Lentil) | Yield (g/m?)

oth Day " Day 5th Day 7th Day oth Day

1952.94+36.63g 2110.05+68.40h L4076 981.79+47.04bcde | 1059.79+64.44de 1163.15+57.80cde

2258.32+54.82bcd | 2386.95 L4147 994.15+41.39bcde | 1083.73186.59bcde | 1122.82+78.66€

+47.67bcde
2450.11+46.45a 2557.94+67.71ab 14594 1070.23 1206.95+82.17abed | 1248.57
+55.60abed +51.35abcde

2348.23+73.03abc | 2645.06+52.60a L7903 1047.04+52.06bcd | 1165.06 1209.58+33.43bcde
+62.68abcde

2170.39+51.06cdef | 2372.25+55.92cde | HM1 1015.87+47.39bcd | 1146.97 1209.25+26.04bcde
+84.08abcde

2396.13+50.25ab 2478.54 BM4 990.60+78.03bcde | 1071.18+77.97cde 1246.52

+90.27abed +55.82abcde

2021.69+66.35fg 2135.67+51.02gh JL1 1005.93+49.32bcd | 1053.69+98.26de 1159.83+58.29de

1974.84+48.69g 2154.17+46.56fgh | Sehore74-3 982.52+28.62bcde | 1024.47+28.27de 1238.19+31.39bcde

2359.50+81.37abc | 2543.63+59.45abc | NDL-1 992.53+33.90bcd 1028.14+58.64de 1164.14+53.29cde

2069.36+83.16defg | 2143.01+59.81gh IPL81 957.97+59.78de 1061.88+69.52de 1177.89+84.45bcde

2063.26+33.97efg | 2243.03+62.12efgh | IPL321 1125.73+£54.69abc | 1281.78+29.61ab 1331.90+45.54ab

2128.19+54.61defg | 2152.58+55.69fgh | K75 1062.66+56.23bcd | 1108.51 1218.14+51.26bcde
+80.06abcde

2116.78i68.51defg 2283453167.24efgh KLS218 974.57+41.62cde 1127.87 1221.73+45.03bcde
+92.47abcde

2088.94+85.37defg | 2304.72+36.49defg | DPL58 1011.25+£30.24bcd | 1190.85+60.31abcd | 1224.81+45.74bcde

1986.40+49.02fg 2176.42+51.58fgh | DPL62 1214.01+47.72a 1283.51+36.74ab 1411.29+77.66a

2045.65+63.86efg 2136.16+39.63gh PL1 1055.90+57.94bcd | 1272.97+67.25abc 1315.32+62.96abcd

2173.12+81.03cdef 2275452188.07efgh PL2 990.95+33.18bcde | 1201.25+48.27abcd | 1305.84+29.26abcd

2213.03 2323.77+38.86def | PL6 975.74+55.82cde 1044.06+48.41de 1228.81+39.22bcde

+67.78bcde

2110.64+66.59defg | 2279.31+41.62efgh | L830 840.14+45.87¢ 977.14+52.80e 1118.75+34.04e

1996.22+21.63fg 2120.55+32.77h 14602 1129.84+32.26ab 1289.38+31.36a 1328.77+61.09abc

Where values are expressed as mean+SD (n = 3) and different letters indicate a significant difference (P<.05). Values in bold represent maximum and minimum values.

https://doi.org/10.1371/journal.pone.0268085.t003
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optimum days to harvest for radish microgreens were 7™ day, arugula-9'" day, and red cab-
bage-11"™ day under specific growing conditions [28].

A very high correlation was recorded between mean seed weight and yield in both mung-
bean (r* = .73) and lentil (r* = .78) genotypes. As we used only two Indian mustard samples
with nearly the same seed weight, the correlation analysis could not be performed.

Microbial counts

In many countries, various microbial outbreaks have been reported mainly due to the con-
sumption of contaminated sprouts [19-21]. Thus, it becomes imperative to monitor and evalu-
ate the microbial load in the microgreens too. Among different studied microbes, we have
recorded the growth of Y&M, TAB, Shigella, and E. coli (O157:H7) in the studied microgreens.
The target pathogenic bacteria Salmonella spp. and Listeria spp. were not detected in any of
the tested samples. On contrary, Bergspica et al. [11] have detected the presence of Listeria
innocua in the radish and sunflower microgreens, and Salmonella spp. in sunflower micro-
greens. In general, Listeria innocua is considered to be a non-pathogenic Listeria species [44].

Woashing of microgreens was done using double distilled water for 2-minutes and results of
both washed and unwashed samples for the growth of various microbes in mungbean was
found comparable to lentil and mustard microgreens (Table 4). On contrary, Chandra et al.
[29] reported a very high value for the TAB count (7.8 logCFU/g) of unwashed cabbage micro-
greens; which after washing get reduced to 7.2 logCFU/g. Washing has shown a significant
(P<0.05) reduction in the TAB (2.6 to 3.4 logCFU/g) and Y&M (1.1 to 2.2 logCFU/g) over
fresh-cut beetroot samples [45]. Survival of E. coli O157:H7 was reported on radish [46], aru-
gula, kale, lettuce, and mizuna microgreens [47]; while Di Gioia et al. [48] reported microbial
growth on brassica microgreens. Inoculation of seed and irrigation water with Shiga toxin-
producing E. coli (STEC) has resulted in the growth of bacteria on eight microgreens species
[49].

No significant difference was recorded in the overall microbial load between the micro-
greens of different studied genotypes (Table 4a-4c). In general, an increasing trend was
recorded for various microbial counts when samples were stored at 4°C from 1% day to 12"
day (S2 Fig). Similarly, Chandra et al. [29] also recorded an increasing trend in the microbial
population during storage of Chinese cabbage and beetroot samples [45].

In mungbean microgreens, washing significantly decreased the load of Shigella spp.,
whereas, amicrobial count (TAB, Y&M, and E. coli) did not show any significant decreasing
effect (Table 4a). However, in lentil microgreens, washing significantly reduced the overall
load of Shigella spp. and E. coli; but TAB and Y&M count did not show much reduction
(Table 4b). This means that the survival and growth need of Shigella spp. and E. coli are differ-
ent from that of aerobic bacteria and Y&M in the microgreens, as also recorded by Chandra
et al. [45]. In mustard microgreens, although washing reduced overall microbial load, it was
not very significant (Table 4c).

Washing of harvested microgreens has been practiced to remove the attached soil particles,
to reduce the initial microbial load, and also for clean packaging. However, washing reportedly
creates humid environmental conditions suitable for microbial growth, thus necessitating
careful removal of excess moisture without causing any damage to the greens [18]. Relatively
faster loss of shelf life was reported for the washed radish [31] and buckwheat microgreens
over unwashed microgreens; which could be due to the damage caused during washing and
dewatering, and also the presence of excess moisture in washed microgreens packages [30].

Microgreens are prone to bacterial internalization as the bacteria present in the seeds can
become part of endophytic microflora [50]. Also, during germination, the bacteria present in
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Table 4. Microbial load in three genotypes each of lentil (K75, L4594 & L830) and mungbean (MH810, MH318 & PS16) and two genotypes of Indian mustard
(PM28, PDZM-31) microgreens after 1%, 27 4™ g™ and 12 day of storage at 4°C under washed and unwashed conditions.

Microbes Genotype Day-1 Day-2 Day-4 Day-8 Day-12
(a) Mungbean Unwashed Washed Unwashed Washed Unwashed Washed Unwashed Washed Unwashed Washed
TAB MH810 3.320+.513bc | 2.810 3.590 3.210+0.513b | 3.653+0.340bc | 3.041 3.531+.490cd | 2.699 3.710 2.870+.210ab
+.179bc +.250bc +.590bc +.410abc +.480abc
MH318 3.980+.390ab | 3.650+.767a | 4.060 3.820+0.419a | 4.193+0.320ab | 3.982+.170a | 4.009 3.120£.570a 4.000 3.000+.610ab
+.280ab +.290abc +.270abc
PS16 3.650 3.320 3.830+.146b | 3.430 4.041 3.431 3.875 3.000+.340ab | 3.900 3.560+.510a
+.550abc +.430ab +0.290ab +0.450abc +.260ab +.198bcd +.430abc
Y&M MHS810 1.560+.290d 1.640+.386ef | 1.980+.185¢ | 1.880 2.146+0.120d 1.954 1.699+.660f 1.301+.240f 1.900+.240f 1.600+.330d
+0.430de +.250de
MH318 2.050+.120d 1.340+.423f | 2.140 2.100+0.443d | 2.230+0.490d 2.000 2.477+.190e 2.380+.410cd | 2.580+.740e 2.500+.690bc
+.290de +.350de
PS16 1.950+.120d 1.570+.262ef | 2.060 2.230+0.160d | 2.146+0.240d 2.114 2.380+.300e 1.954+.340de | 2.560+.440ef | 2.000+.320cd
+.540de +.160de
E. coli MHS810 2.180+.625d 2.140 2.520+.141d | 2.350 2.699+0.640d 2477 2.602+.420e 2.000+.510de | 2.800+.330de | 2.200
+.250de +0.104cd +.140cd +.690bcd
MH318 3.480 3.060 4.394+.290a | 3.410 4.013 3.556 4.590+.540a 3.255+.054a 4.340+.490a 3.450£.070a
+.443abc +.179ab +0.328ab +0.560abc +.020ab
PS16 3.450 2.420 3.610 2.930 3.973 3.176+.480b | 3.568+.236¢cd | 2.477 3.630+.017bc | 2.980+.240ab
+.410abc +.513cd +.290bc +0.350bc +0.150abc +.125bcd
Shigella | MH810 3.07+.40c 1.020+.040f | 3.14+.560c 1.230+0.230f | 3.40+0.25c 1.210+.310f | 3.30+.65d 1.350+.150f 3.40+.41cd 1.540+.680d
MH318 3.97+.61ab 1.040+.280f | 4.06+.190ab | 1.150+0.419f | 4.35+0.39a 1.200+.540f | 4.51+.03ab 1.580+.240ef | 4.11+.14ab 1.620+.570d
PS16 4.12+.65a 1.190+.174f | 4.37+.240a 1.3800.328ef | 4.54+0.25a 1.640+.510ef | 4.09+.23abc 2.477 4.21+.31ab 2.300
+.120bcd +.260bcd
(b) Lentil Unwashed Washed Unwashed Washed Unwashed Washed Unwashed Washed Unwashed Washed
TAB K75 4.594+.015a 4.491+.030a | 4.963+.038a | 4.792+.014a 4.990+.020a 4.778+.031a | 5.147+.107b 4.881+.024a 5.327+.047ab | 4.979+.023a
L4594 4.803+.121a 4.602+.048a | 4.970+.026a | 4.771+.038a 5.093+.068a 4.778+.056a | 5.259+.053ab | 4.903+.011a 5.390+.076a 5.000+.139a
L1830 4.772+.100a 4.491+.049a | 4.970+.032a | 4.841+.014a 5.218+.174a 4.949+.054a | 5.364+.064a 4.881+.017a 5.406+.241a 4.976+.023a
Y&M K75 4.058+.155b 3.771+.030b | 4.047+.133b | 3.845+.021b 4.256+.116b 3.944+.017b | 4.524+.090c 3.954+.015b 5.119 4.869+.039ab
+.097abc
L4594 4.109+.120b 3.794+.017b | 4.211+.013b | 3.847+.009b 4.342+.045b 3.936+.013b | 4.663+.076¢ 4.040+.040b 4.983+.103¢c 4.597+.050c
L830 4.021+.102b 3.785+.015b | 4.161+.159b | 3.833+.010b 4.335+.073b 3.914+.008b | 4.512+.033c 3.968+.012b 5.043+.060bc | 4.716+.060bc
E. coli K75 3.160+.161c 1.893 3.239 2.006+.092cd | 3.367+.240c 2.335 3.492+.272d 2.510+.166cd | 3.766+.368ef | 2.767+.169¢
+.025¢d +.232¢d +.254cd
L4594 3.037+.152¢ 1.903 3.237 2.087+.185¢ 3.337+.412c 2.530+.321c | 3.540+.062d 2.797+.190c 4.247+.234d 3.064+.136d
+.071cd +.356cd
L830 3.170+.219¢ 1.890 3.273+.060c | 1.994+.016cd | 3.457+.077¢ 2.179+.206d | 3.553+.101d 2.430+.504d 3.987+.110de | 2.880+.358de
+.027cd
Shigella K75 2.813+.117d 1.900 3.023+.067d | 1.990+.020cd | 3.223+.050¢ 2.083+.025d | 3.417+.110d 2.106+.077¢ 3.673+.068f 2.236+.116f
+.139¢cd
L4594 2.984+.055cd | 1.760+.235d | 3.148 1.967+.045d 3.227+.081c 2.170+.200d | 3.494+.014d 2.297+.097de | 3.712+.172ef | 2.313+.088f
+.054cd
L830 3.070£.115¢ 1.927+.030c | 3.187 1.960+.036d 3.457+.148¢ 2.187+.211d | 3.580+.173d 2.263+.264de | 3.690+.250ef | 2.350+.157f
+.021cd
(c) Indian Unwashed Washed Unwashed Washed Unwashed Washed Unwashed Washed Unwashed Washed
mustard
TAB PM28 4.39+.13a 3.67+.76ab 4.71+.44a 4.59+.26a 4.82+.29a 4.60+.40ab 5.19+.65a 4.54+.37a 5.26+.19a 4.65+.15ab
PDZM31 4.14+.39a 3.84+.77ab 4.68+.51a 4.60+.42a 4.84+.33a 4.25+.18ab 5.17+.67a 4.28+.64a 5.29+.18a 4.88+.28a
Y&M PM28 2.49+.17¢ 1.71+.54c 2.20+.17¢ 2.6+.18¢ 2.32+.39d 2.20+.42¢ 2.41+.14b 2.22+.22c 2.35+.07d 2.17£.09¢
PDZM31 1.37+.11d 1.59+.33c¢ 2.10+.14c¢ 2.17+.15¢ 2.37+.10d 2.17+.24c¢ 2.39+.12b 2.08+.31c 2.31+.02d 2.20+.08e
E. coli PM28 4.57+.24a 4.00+.36ab 4.90+.65a 4.53+.28a 4.49+.29ab 4.94+.04a 4.82+.62a 4.31+.14a 4.73+.28bc 4.07+.10cd
PDZM31 4.54+.51a 4.42+.45a 4.70+.17a 4.52+.12a 4.88+.23a 4.08+.61b 4.59+.38a 4.18+.28ab 4.97+.70abc 4.39+.15bc
Shigella PM28 3.40+.54b 3.20+.23b 3.60+.25b 3.60+.12b 3.90+.16¢ 3.90+.46b 4.28+.87a 4.20+.17ab 4.49+.10c 3.89+.11d
PDZM31 4.30+.14a 3.90+.29ab 4.70+.55a 3.60+.43b 4.30+.19bc 3.90+.56b 4.74+.78a 3.63+.30b 5.13+.23ab 4.53+.47ab

Where Y&M: Yeast & mold, TAB: total aerobic bacteria. All the microbial counts are expressed in logCFU/g of microgreens. Values are expressed as mean+SD (n = 3)

and different letters indicate a significant difference (P<.05). Values in bold represent maximum and minimum values

https://doi.org/10.1371/journal.pone.0268085.1004
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the rhizosphere are attracted by the seed exudates and may enter through the germinating rad-
icals or secondary roots [50]. Therefore, once contaminated, it is nearly impossible to elimi-
nate the microbes from the living plant system. Thus, sanitization or washing of harvested
microgreens may not be a very effective control strategy. In addition, microgreens being very
delicate are quite prone to the damage caused by any such treatments [18]. A much lower
value of microbial load in the present experiments could be due to the good agronomic prac-
tices used during the growth of the microgreens including the use of freshly harvested seeds,
seed treatment, autoclaving of growing media, and use of alcohol cleaned scissors while har-
vesting the microgreens.

Microgreens shelf life and sensory evaluation

Since microgreens are very tender, thus are extremely vulnerable to dehydration and quality
deterioration. Therefore, to maintain the quality and shelf life of microgreens, proper refriger-
ation and packaging become extremely crucial [18]. At the time of harvesting, microgreens
have a very high respiration rate [29] and can be stored comfortably for nearly a week time

at <5°C [30, 31]. Immediately after the harvest, microgreens should be washed and cooled
(1-5°C) [26] or this can be marketed in trays with growing-medium [24]. Thus, two genotypes
each of mungbean (MH810 & MH318), lentil (L830 and K75), and Indian mustard (PM28 &
PDZM31) were used for the shelf life and sensory evaluation. These were stored at 4°C for 6
days and analyzed at 1%, 2", 4™ and 6™ day of storage. The visual appearance of microgreens
declined gradually as the storage time increased under cool (4°C) conditions (S1 Fig). Mung-
bean and Indian mustard microgreens showed nearly 4-day shelf life, while lentil microgreens
could be used till 6™ day of their storage in 51y thick LLDPE zip-lock bags (16x12 cm) at 4°C
conditions. On contrary, based on visual parameters, the shelf life of arugula, radish, and red
cabbage was recorded as 14, 21, and 14 days, respectively at 4°C; whereas, at 10°C this was 7,
14, and 7 days, respectively [28].

Till 4™ day of the storage at 4°C, all the studied sensory parameters such as color and
appearance, aroma, taste, and overall acceptability of the studied microgreens showed the
hedonic score of >6, which was considered as the limit of salability [37]. However, on the 6t
day of storage, a drastic reduction in all the sensory parameters of mungbean and mustard
microgreens was recorded. Interestingly, lentil microgreens showed >6 hedonic scores for all
the studied sensory parameters, even on 6™ day of its storage (Table 5a-5c). This could be due
to relatively less moisture content in the lentil microgreens over mungbean or Indian mustard
microgreens. In general, the moisture content in mungbean, lentil, and Indian mustard micro-
greens ranged from 90.01+1.44 to 93.06+1.07, 82.69+2.48 to 85.95+1.01, and 89.83% to 90.5%,
respectively. An inverse relationship was found between the moisture content and the shelf-
life (and sensory qualities) in the studied microgreens. Many reports underlined the impor-
tance of temperature in prolonging the overall post-harvest shelf life of various fresh-cut prod-
ucts including microgreens [51-53]. A slower respiration rate at low temperature can be
directly correlated with the lower rate of cellular metabolism and cause a direct effect on visual
microgreens quality and hence increased self-life [28].

Electrical conductivity (EC) of washed and unwashed microgreens

EC can be associated with the overall quality and shelf life of microgreens and is used as an
indirect measure of the same [37]. With increasing storage duration, EC showed an increasing
trend in both washed (with sterile double distilled water for 2.0 min) and unwashed micro-
greens over fresh samples (Fig 3). EC was recorded more for the mungbean microgreens, espe-
cially at 4™ day (6.97 us/cm) and 6" day (15.63 ps/cm) of storage over lentil (3.37 & 6.57 ps/
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Table 5. Sensory details including color & appearance, aroma, taste and overall acceptability of (a) mungbean (MH810 & MH318), (b) lentil (L830 & K75), and (c)

Indian mustard (PM28 & PDZM31) microgreens.

Genotypes

(a) Mungbean

MHS810

MH318

(b) Lentil
K75

L830

(c) Mustard
PDZM31

PM28

Storage (days)

D1
D4
D6
D1
D4
D6

D1
D4
D6
D1
D4
D6

D1
D4
D6
D1
D4
D6

Sensory Characters
Color & appearance Aroma Taste Overall acceptability
9.80+.076a 9.50+.177a 9.34+.261a 9.47+.255a
7.64+.261b 7.79%.290b 7.19+.422b 7.30+.282b
4.93+.492¢ 3.73+.301c 4.19+.666¢ 3.91+.488c¢
9.66+.090a 9.30+.200a 9.50+.283a 9.23+.225a
7.93+.183b 7.57+.353b 7.53+.353b 7.30+.203b
4.67+.480c 3.56+.424c 4.41+.615¢ 4.16+.450c
9.36+.226ab 8.99+.188b 9.06+.184b 9.06+.159b
9.24+.184b 8.59+.259¢ 8.56+.261c 8.60+.278¢
7.34+.447c 7.20+.374d 7.16+.430d 7.14+.358d
9.66+.325a 9.56+.282a 9.57+.291a 9.53+.446a
9.47+.361ab 9.31+.247ab 9.11+.318b 8.99+.181b
7.36+.410c 7.49+.376d 7.33+.437d 7.30+.239d
9.47+.237a 9.09+.155b 9.24+.342ab 9.26+.206ab
9.09+.146b 9.01+.181b 8.86+.333bc 8.90+.120bc
5.43+.342c 5.24+.232d 4.71+.290d 5.16+.118d
9.70+.256a 9.40£.355a 9.61%.467a 9.46x.607a
9.03%.167b 9.14+.232ab 8.77+.212c 8.61+.352¢
5.57+.373c 5.61+.318¢ 4.76+.362d 5.30+.185d

Where values are expressed as mean+SD (n = 7) and different letters indicate a significant difference (P<.05).

https://doi.org/10.1371/journal.pone.0268085.t005

cm) or Indian mustard (6.4 & 14.0 ps/cm) microgreens, respectively. Relatively less EC was
recorded for 4™ and 6'™-day samples under 4°C storage; while it was a bit more for washed
samples for 2™ day. Cell surface damage caused during washing treatment might have got
repaired by 4™ day of storage. Interestingly, 6 day of storage showed a sudden rise in EC for
all the microgreens (Fig 3). Conductivity values showed a positive association with the storage
duration of the studied microgreens.

On a similar note, the EC values showed a 7-fold increase (over initial value) for the tap
water-washed Chinese cabbage microgreens, until the end of storage (9™ day), when packed in
polypropylene (PP) film [29]. Similar observations were also recorded for fresh-cut cilantro
[54]. An increase in EC values under storage may be due to the irreversible membrane damage
and accumulation of CO, from respiration [29]. On contrary, a decreasing trend in the electro-
lyte leakage was recorded for broccoli microgreens for various washing treatments and O3
washing (180s) under 09-day storage conditions [38].

Conclusions

Rapid growth cycle, limited space requirement, rich flavor, diverse color, and highly economic
produce makes microgreens a nutrient alternative that may contribute to the nutritional secu-
rity of a large population. To the best of our knowledge, no study about the yield optimization
and microbial aspects of mungbean, lentil, and Indian mustard microgreens has been reported
so far from India. The use of good agricultural practice is the key to manage the microbial
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Fig 3. Changes in electrical conductivity of washed (W) and unwashed (U) microgreens samples (mungbean, lentil, and Indian mustard) when
packed in LLDPE films during the 2"%, 4", and 6'" day of storage at 4°C. Where D2-U, D4-U, and D6-U are ‘unwashed’; while D2-W, D4-W, and
D6-W are ‘washed’ microgreens samples at 2™, 4™, and 6" day of storage, respectively. Values are expressed as mean+SD (n = 3) and different letters
indicate a significant difference (P<.05).

https://doi.org/10.1371/journal.pone.0268085.9003

contamination of the growing microgreens [55]. More scientific information should be gener-
ated for various microgreens to eliminate the possibility of microbial contamination through
seed, grow-media, grow-trays, and harvesting implements. In addition, post-harvest care such
as harvesting at an optimum stage, proper sanitation, and maintenance of optimum tempera-
ture and humidity will help in longer storage and reduced risk of human pathogen contamina-
tion [12, 18, 56]. Thus, if grown and stored properly, there is no major risk of microbial illness
from any kind of microgreens consumption. The success of microgreens technology will
largely depend on the collective and collaborative efforts from the industry and researchers in
the food-chemistry, biochemistry, genetics, and human nutrition working to enhance the yield
and quality. This is the first such study from India, which included the microgreens of mung-
bean, lentil, and Indian mustard. Interestingly seeds of studied crops are readily available in
any Indian kitchen, and we hope that the results will help in the popularization of these micro-
greens even at household levels.

Supporting information

$1 Fig. The difference in the growth pattern of mungbean microgreens (a) 4™ day of sow-
ing and, (b) 9™ day after sowing (At a later stage the plants become lanky and of poor mar-
ketable quality).

(TIF)

S2 Fig. Representative figure showing microgreens of mungbean lentil, and Indian mus-
tard stored for different durations at 4°C.
(TTF)
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