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ABSTRACT

Objective: This study aims to determine how maturation stages of greenhouse-grown beet
leaf influence the total phenolic content (TPC) and total flavonoid content (TFC). Methods:
Beet leaf was grown under two different passive solar greenhouses in trans-Himalayan
Ladakh. Leaves harvested at three maturity stages were evaluated for TPC and TFC. Results:
Significant difference in TPC and TFC was observed between the three maturity stages.
Midmature leaves had the highest TPC and TFC followed by mature and immature leaves.
When TPC and TFC for all maturity stages were averaged, a marked difference in TPC and TFC
was observed in beet leaf grown under the two passive solar greenhouses. Higher TPC and
TFC were observed in the greenhouse with higher photosynthetically active radiation (PAR)
and UV-transmittance. Conclusion: Beet leaf should be harvested at the midmaturity stage for
consumer to benefit from elevated levels of phenolics and flavonoids.
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INTRODUCTION

Natural products for food and nutritional
supplements have gained increased attention
in recent years. In this context, there is an
increasing interest in the beneficial health effects
of plant derived compounds. Epidemiological and
experimental studies reveal a negative correlation
between the consumption of diets rich in fruits and
vegetables and the risk of degenerative diseases
including cancer, heart disease, inflammation,
arthritis, immune system decline, brain dysfunction
and cataracts."? These physiological functions
of fruits and vegetables may be partly attributed
by their abundance of phenolics, including
flavonoids.* These results have stimulated research
to characterize different types of plants with regards
to their health promoting compounds.

The high mountain region of Ladakh is
characterized by a rugged topography at an average
altitude of over 3000 m asl. A considerable body of
literature exists documenting that the production
of free radical increases in human exposed to
the environment associated with high altitude.
Potential sources of stressors that might elicit the
oxidative stress response at high altitude include
exercise, ultraviolet radiation, catecholamines,
anoxia/reoxygenation, hypoxanthine, xanthine
oxidase and reductive stress. In addition to the
natural constraints, nutritional needs play a vital
role.’

Meeting the requirement of fresh vegetables
for people living in the remote mountain areas,
especially during winter months is a formidable
challenge. Growing vegetables is feasible only under
greenhouse conditions during winter months due
to sub-zero temperature. Passive solar greenhouse

has played a significant role in Ladakh in production
of leafy vegetables during winter months,® and beet
leaf is a popular leafy vegetable widely grown in
greenhouses in Ladakh. The aim of this study was
to determine how maturation stages of beet leaf
grown under two passive solar greenhouses differing
in photosynthetically active radiation (PAR) and
UV-transmittance influences the total phenolic
content (TPC) and total flavonoid content (TFC).
We hypothesized that different maturity stages and
microclimate would alter the health promoting
compounds in beet leaf.

MATERIALS AND METHODS

Study site and growing conditions

Beet leaf was cultivated in two different passive
solar greenhouses viz. Polyench and Polynet at the
Defence Institute of High Altitude Research in trans-
Himalayan Ladakh, India (34°08.2°N; 77°34.3’E,
elevation 3340 m). Polyench is a semi-underground
passive solar greenhouse covered with UV stabilized
120 grams per square meter (GSM) translucent
polyethylene sheet on wooden poles on south
facing side. Polynet is a dual-purpose greenhouse in
east-west orientation. It is used for drying fruits in
summer and growing leafy vegetables in spring and
winter. It is covered with a red shade netting (60%)
and UV stabilized 120 GSM translucent polyethylene
sheet.” No supplementary lighting and heating was
provided. Temperature and relative humidity were
recorded with hygro-thermometer (445702, Extech
Instruments). The light intensity was recorded with
light meter (HD450, Extech Instruments), and PAR
was recorded with radiometer (PMA2100, Solar
Light) with PAR detector (PMA2132). The weather
and microclimate data of the two greenhouses are
shown in Table 1.
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Leaf sampling

Seedlings were transplanted in the greenhouses in late October 2016
and leaves harvested in early March 2017 were used for analysis. The
leaves were collected on the same day from 10 randomly selected plants
at three maturity stages: immature (small leaves obtained from the top
of the plant, leaf area 50.8 + 12.9 cm?), midmature (medium sized leaves
obtained from the middle of the plant, leaf area 150.1 + 23.8 cm?), and
mature (large leaves obtained from the base of the plant, leaf area 300.6
+ 60.6 cm?). Leaves were analyzed the same day after harvest. Total
soluble solids (T'SS) was measured with refractometer (ATAGO, Tokyo)
and values were corrected at 20°C.

Preparation of samples

Fresh leaves (leaf blade + petiole) were homoginised with the help
of mortar and pistil and subjected to two cycles of extraction with
methanol. Each sample (200 mg) was extracted for 15 min with 1.5
ml of methanol in a 2 ml micro centrifuge tube and vortexed at room
temperature at 1100 rpm. The sample was then centrifuged at 5600 g
for 10 min and the supernatant was recovered. The same procedure was
repeated for the second cycle of extraction. The supernatant from both
the extracts were combined to determine phenolics and flavonoids.

Determination of total phenolic content

The Folin-Ciocalteu reagent assay was used to determine the TPC.® An
aliquot of the samples was introduced into 96 well micro-plate followed
by Folin-Ciocalteu reagent, which was previously diluted with distilled
water (1:10), and sodium carbonate (7.5%) was then added after 5 min.
The micro-plates were vortexed, covered with parafilm and allowed to
stand for 30 min. Absorbance at 765 nm was recorded in a micro-plate
reader (SpectroMax M2 e, Molecular Devices, Sunnyvale, CA, United
States). TPC was expressed in gallic acid equivalents (mg GAE/100 g
FW).

Determination of total flavonoids content

Estimation of the TFC was carried out using the method of Zhishen et
al.? Briefly, to 0.5 ml of sample, 0.15 ml of 5% NaNO, was added. 10%
AICIL, (0.15 ml) was then added 5 min later. After 6 min, I M NaOH
was added. Absorbance was measured at 415 nm. TFC was expressed as
quercetin equivalent (QE). Final content was expressed as mg QE/100
g FW.

Statistical analysis

All the experiments were performed in triplicate. The experimental
results were expressed as mean * standard deviation (SD) using
statistical analysis with SPSS (Statistical Program for Social Sciences,
SPSS Corporation, Chicago, Illinois, USA). One way analysis of
variance (ANOVA) and Independent Student t-test were done using
SPSS 22.0 version for Windows.

RESULTS AND DISCUSSION

Maturity effects in Polyench greenhouse

Significant difference in TPC and TFC was observed between the
three maturity stages (Table 2). Midmature leaves had the highest TPC
(104.7 = 5.3 mg GAE / 100 g FW) and TFC (99.0 = 5.8 mg QE/100
g FW) followed by mature and immature leaves. TPC increased
13.9% from the immature to mature stage and then decreased 9.0%
from the midmature to mature stage. Similarly, TFC increased 21.6%
from the immature to mature stage and then decreased 17.5% from
the midmature to mature stage. TSS was observed to be highest
in midmature stage (10.4 + 0.7°Brix) following by mature (10.2 +
1.5°Brix) and immature stages (8.7 + 0.8°Brix). The results indicate
that the synthesis of phenolics, including flavonoids, occurred readily
from the immature to midmature stage and then may have slowed or
ceased as leaves expanded to the mature stage. If the leaves accumulate
solids during expansion and phenolic synthesis was arrested, then a
reduction in phenolics would occur because of a dilution effect. Similar

Table 1: Temperature, humidity, light intensity, PAR and UV-B transmittance inside two passive solar greenhouses.

Polynet greenhouse

Parameters Polyench greenhouse
Month
January February
Max temperature (°C) 24.6 £ 3.1 25.9 £3.7
Min temperature (°C) -21+1.8 1.6+2.3
Max relative humidity (%) 72.0+4.8 825+4.1
Min relative humidity (%) 38.4+8.8 36.7 £ 8.8
Light intensity (Lux) at noon 32310 + 13673 46877 + 14045
PAR (pumol/m?s) at noon 497.2 £272.7 837.2 £274.9
UV-B (uW/cm?) at noon 1.74 £ 0.73 3.52 +1.45

Month
March January February March
36.0 5.1 21.5+7.9 27.9+9.7 33.9+6.5
63+24 -2.7+£2.0 0.5+2.5 47+3.3

88.8 +3.8 935+ 1.0 93.1+2.2 91.0 +£5.6

37.1£9.6 542+9.6 50.2+114 37.2+10.3
82413 + 31488 8968 + 3795 17664 + 5292 26127 + 9983
681.3 + 181.1 167.1 + 91.6 369.9 £ 121.5 357.9 £ 95.1

437 +1.14 0.37 +0.16 0.84 + 0.35 1.01 +0.29

Values represented mean + SD

Table 2: Total phenolics, total flavonoids, total soluble solids (TSS) and petiole to leaf blade ratio of greenhouse-grown beet leaf at three maturity

stages.
Greenhouse Maturity stage (J;E;IAE?:;OOQIISN) (;ogt:a(l)é]zv: ongoll:\j,;) (°-Il;sr:() Petiole: leaf blade

Immature 91.9 £10.9* 81.4+12.4* 8.7+0.8" 0.21 = 0.06*
Midmature 104.7 + 5.3° 99.0 +5.8° 10.4 +0.7° 0.53+0.11°

Polyench
Mature 95.3 + 8.0 81.7 £19.2* 10.2 + 1.5° 0.82 £ 0.13¢
Average 97.3 £ 9.7 87.4 £ 10.0* 9.7 £ 1.3 0.52 £ 0.28
Immature 74.1 £ 12.4* 73.3 £9.9* 7.0 £0.7¢ 0.38 £ 0.16*
Eallc Midmature 94.1 £15.1Y 93.3 £ 20.9* 9.0 £ 1.0" 0.55 £ 0.29%
Mature 77.5 £18.2% 78.1 +26.7* 8.4 +0.6" 0.89 + 0.32Y
Average 81.9+17.3 81.5+10.4 82+1.1 0.61 + 0.30*

Values represented mean + SD; for each column different uppercase letters within a greenhouse indicate significantly different at p < 0.05; For all maturity stages the
average value were significantly different between the two greenhouses by Independent Student t-test; “significant at p < 0.05; “'Significant at p < 0.01; ""Significant at

p<0.001.
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trend was observed in spinach leaves."” Decrease in TPC and TFC from
midmature to mature stage could also be because of increase in petiole
to leaf blade ratio (w/w) at mature stage (Table 2). Petiole of spinach
leaves is reported to have approximately 2.3 times lower phenolics than
the leaf blade."

Maturity effects in Polynet greenhouse

Maturity stages had marked effect on TPC and TFC in beet leaf (Table
2). Midmature leaves had the highest TPC (94.1 + 15.1 mg GAE/100 g
FW) and TFC (93.3 + 20.9 mg QE/100 g FW) followed by mature and
immature leaves. TPC increased 27.0% from the immature to mature
stage and then decreased 17.6% from the midmature to mature stage.
Similarly, TFC increased 27.3% from the immature to mature stage and
then decreased 16.3% from the midmature to mature stage.

Microclimate effects on phenolics and flavonoids

When TPC and TFC for all maturity stages were averaged, a marked
difference in TPC and TFC was observed in beet leaf grown under the
two passive solar greenhouses (Table 2). The mean TPC of beet leaf
under Polyench (97.3 + 9.7 mg GAE/100 g FW) was significantly higher
than that of Polynet (81.9 + 17.3 mg GAE/100 g FW). Similarly, TFC
was significantly higher in Polyench-grown beet leaf (87.4 + 10.0 mg
QE/100 g FW) as compared to that of Polynet-grown plants (81.5 +
10.4 mg QE/100 g FW). The two greenhouses differ in temperature,
humidity, light intensity, PAR and UV-transmittance (Table 1).
Higher TPC and TFC in Polyench-grown crop may be due to higher
UV-transmittance as compared to that of Polynet greenhouse. UV
radiation is regarded as a stress factor. Plant produces a wide range
of flavonoids and related phenolic compounds in response to UV
radiation.'>"* Generally, increasing UV-B radiation induces flavonoids
and phenolics synthesis.'*'¢ Higher level of PAR inside Polyench may
also be responsible for higher TPC and TFC in beet leaf. It has been
demonstrated in bean leaves that high level of PAR gave a higher
concentration of flavonoids than a low level of PAR."” Decreased level
of TFC in Polynet grown leaves due to shade netting is in agreement
with reports on baby spinach.'®

CONCLUSION

Beet leaf harvested at the midmature stage had much higher levels of
total phenolics and total flavonoids than immature and mature leaves.
Therefore, beet leaf should be harvested at the midmaturity stage for
consumer to benefit from elevated levels of phenolics and flavonoids.
When total phenolics and total flanonoids for all maturity stages were
averaged, significantly higher phenolics and flavonoids were observed
in the greenhouse with higher PAR and UV-transmittance.
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GRAPHICAL ABSTRACT SUMMARY
® Beet leaf harvested at three maturity stages were evaluated
for phenolics and flavonoid content.

® Midmature leaves had the highest phenolics and flavonoids
followed by mature and immature leaves.

® Beet leaf should be harvested at the midmaturity stage to
benefit from elevated levels of phenolics and flavonoids.

® Higher phenolics and flavonoids were observed in the
Total phenolics: greenhouse with higher PAR and UV-transmittance.
mg GAE/100g FW

91.9£10.9 Bl Total flavonoids:
{ 81.4112.4 mg QE/100g FW
Total phenolics Total flavonoids

-
Leaf maturity
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