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ABSTRACT
Hydroponically-grown produce may be a way of helping to feed the world a variety of fruits and vegetables, regardless
of soil quality, space availability or climate. The objective of this study was to determine whether hydroponicallygrown lettuce contains as much ascorbic acid and tocopherol as soil-grown lettuce. We analyzed four varieties of lettuce,
including: Waldmann’s Dark Green, Red Lollo Antago, Red Romaine Annapolis, and Butterleaf. The tocopherol content of hydroponically-grown Waldmann’s Dark Green, Red Lollo Antago, and Red Romaine Annapolis was 229%,
497% and 492% higher, respectively, compared to their soil-grown counterpart. The ascorbic acid content of hydroponically-grown Waldmann’s Dark Green, Red Lollo Antago, and Red Romaine Annapolis was 93%, 171% and 216%
higher, respectively, compared to their soil-grown counterparts. Hydroponically grown lettuce varieties are significantly
higher in both ascorbic acid and tocopherol content than their soil-grown counterparts, and hydroponic gardening is a
viable option for producing nutritious fruits and vegetables.
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1. Introduction
Hydroponics offer a possible solution to a multitude of
world hunger issues, from lack of farmable land to lowering transportation costs. This study was carried out to
determine whether hydroponically-grown lettuce is as
nutritionally dense as soil-grown lettuce, focusing on
ascorbic acid and tocopherol concentrations. Few studies
have been conducted to compare the nutritional quality
of these two growing methods, and even fewer within the
same produce species. Since the solution used to grow
crops can be isolated and manipulated, the varieties of
crops that can be produced are limitless.
Bioactive compounds are a fast rising topic of study.
The function of flavonoids and other compounds that
give plants color and protection may contribute more to
health than previously thought [1]. Bioactive compounds
function as antioxidants and help protect against oxidation-causing diseases, including cardiovascular disease
and cancer [1]. Consumption of fruits and vegetables are
associated with a healthy lifestyle, which is why it is imperative that everyone in every part of the world has access to fresh sources of produce. The National Aeronautics and Space Administration (NASA) began investigatCopyright © 2013 SciRes.

ing the use of hydroponics for cultivation of crops in
space as far back as 1945 [2]. Not only are they useful
for recycling oxygen, but provide a food source for very
long space voyages [2].
The nutrients ascorbic acid and tocopherol were specifically chosen for testing because of their roles in antioxidant protection [3]. Lettuce was chosen for testing
because it is one of the easier plants to grow in a greenhouse, and it was available from both commercial and
greenhouse sources. The method for testing was adapted
from procedures used to test the tocopherol and ascorbic
acid concentrations in biological samples [4,5]. Based on
other studies that compared hydroponic and soil conditions using basil [6] and lettuce [7,8], we hypothesized
that hydroponically-grown lettuce would contain as much
ascorbic acid and tocopherol as soil-grown lettuce, if not
more.

2. Materials and Methods
2.1. Varity of Lettuce
Waldmann’s Dark Green, Red Lollo Antago, and Red
Romaine Annapolis lettuces were obtained from MounFNS
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tain View Montessori School located in Reno, NV on
May 17, 2012. All lettuces were grown at an altitude of
1398 meters (4587 feet) in a greenhouse using a static
solution and aerators to provide oxygen to the roots. Fox
Farm Instant Concentrated Grow Big Liquid Plant Food
was diluted to create the nutrient solution. Fox Farm Soil
and Fertilizer Company is located in Arcata, CA. Their
nutrient solution is proprietary, and no information was
found about the concentrations of each mineral contained
therein. The greenhouse temperature varied from 10˚C at
night to 32˚C during the day during the spring growing
season. Nutrient solution was kept at 18˚C. A household
air circulator was used to provide agitation to the leaves.
The outer leaves of the lettuce heads were harvested by
students of the Mountain View Montessori School. The
outermost leaves were removed from the head of the lettuce using scissors.
Butterleaf lettuce from Costco (Warehouse #25, located in Reno, NV) was purchased on May 18, 2012. The
lettuce was grown hydorponically in California, USA by
Indoor Farms with an Enjoy by date of May 27, 2012.
The lot number was 12BL0307X. Indoor Farms determines the Enjoy by date as 15 days after harvest.

2.2. Soil Grown Lettuce
Waldmann’s Dark Green, Red Lollo Antago, and Red
Romaine Annapolis lettuces were obtained from the
Mountain View Montessori School located in Reno, NV
on May 17, 2012. All lettuces were grown at an altitude
of 1398 meters (4587 feet) in the same greenhouse as the
hydroponically-grown lettuces in pots of soil obtained
from the school grounds (noncommercial soil enriched
by natural composed material). The greenhouse temperature varied from 10˚C at night to 32˚C during the day.
Plants were watered as the soil dried out, and soil was
allowed to become dry between watering. Butterleaf lettuce from the Great Basin Community Co-op (GBCFC)
was purchased on May 18, 2012. The lettuce was grown
in California at Cal Organic, and distributed by Veritable
Vegetable. Shipment was received at GBCFC on Tuesday of that week, just three days prior to purchase.

2.3. Preparation of Lettuce for Analysis
The outer leaves of lettuce were harvested by hand using
scissors to separate leaves from the stem. Once leaves
were harvested, they were immediately transported to the
laboratory in plastic grocery bags. They were stored no
longer than 1 week in a Roper RT18DKXWW00 refrigerator at 4˚C in dark conditions between layers of paper
towels in a Ziplock® plastic freezer bag. Leaves obtained
from Butterleaf head lettuce plants were all separated
from the core by hand and randomized before rinsing.
Randomization of inner and outer leaves is important
Copyright © 2013 SciRes.

because the α-tocopherol content of lettuce leaves vary
between outer, central and inner leaves [9].
Leaves were rinsed with tap water to maximize ascorbic acid retention [10] and then spun in a commercial
salad spinner to dry. One-hundred grams of lettuce was
torn into approximately 1 2 inch × 1 2 inch pieces
and tossed in a plastic bowl. Tearing of lettuce is a more
effective method for retaining antioxidant content than
cutting with a sharp knife [11]. A randomized sample of
10 g lettuce was selected from the bowl and used for experimentation. This is necessary due to differences in
ascorbic acid content in old leaves and new leaves as
well as base and tip of leaf [12]. Three 10 g samples were
used.

2.4. Ascorbic Acid Analysis
Trichloroacetic acid, thiourea, copper sulfate, and sulfuric acid were purchased from Fisher Scientific, Fair
Lawn, NJ. L-ascorbic acid and 2,4-dinitrophenylhydrazine were purchased from Sigma Chemical Company, St.
Louis, MO.
Samples were homogenized with 10 mL cold (7˚C)
10% Trichloroacetic acid (TCA) using a Brinkmann Instruments Polytron homogenizer to maintain a cold and
acidic condition to retain ascorbic acid in the samples.
Ice was utilized to maintain a cold environment when the
samples were not in the centrifuge or laboratory refrigerator. Samples were then centrifuged in a Sorvall
RT6000B refrigerated centrifuge for 20 minutes at 3500
rpm and 7˚C, then in a Sorvall Legend Micro 17 Centrifuge at 4000 g for 20 minutes. A stock solution of ascorbic acid was created using L-ascorbic acid and standards
ranging from 0 - 60 µg/mL were created using serial dilution. One-hundred µL of supernatant was removed and
added to new test tubes containing 900 µL of 10% cold
TCA. The colorimetric procedure first oxidized ascorbic
acid to dehydroascorbic acid by reaction with copper.
Addition of 0.2 mL dinitrophenylhydrazine (DNPH) and
0.2 mL thiourea in the presence of sulfuric acid to all
samples, blanks, and standards yielded a colored product
with little interference from other chromogens [5]. Samples were incubated for 3 hours at 37˚C along with all of
the blank and standard solutions in a Lab-Line Instruments Model 120 Incubator.
After 3 hours, 1.5 mL of ice cold 65% sulfuric acid
was added to all solutions. After standing 30 minutes at
room temperature (25˚C), the color stabilized and absorbances of all solutions were read at 520 nm in a
Perkin Elmer UV/VIS lambda Bio 40 Spectrometer. A
calibration curve was created from the linear regression (y
= 0.01668x + 0.1399, R2 > 0.95) of the graph of known
standards, against which samples were compared. This
method measures both ascorbic acid and dehydroascorbic
acid [13]. The reproducibility of spectrophotometry was
FNS
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determined by adding 300 µL of a standard to a sample
and determining the percent recovery [14]. Percent recovery of ascorbic acid was 136.68% ± 1.31%.

2.5. Tocopherol Analysis
4,7-Diphenyl-1,10-phanthroline (bathophenanthroline) was
purchased from Aldrich, Milwaukee, WI. Ferric chloride,
mixed xylenes and (±) α-tocopherol were purchased from
the Sigma Chemical Company, St. Louis, MO. Orthophosphoric acid (85%) was purchased from Fisher Scientific, Fair Lawn, NJ. Absolute ethanol (200 proof,
ACS/NSP grade) was purchased from pharmco-AAPER,
Kentucky.
Samples were homogenized with 10 mL absolute ethanol using a Brinkmann instruments Polytron homogenizer. Samples were then centrifuged in a Sorvall
RT6000B refrigerated centrifuge for 20 minutes at 3500
rpm and 7˚C. Samples were kept cool in the laboratory
refrigerator between preparation and tocopherol assay. A
stock solution of tocopherol was created using α-tocopherol and standards ranging from 0 - 30 µg/mL were
created using serial dilution. One-hundred µL of supernatant was removed and added to new test tubes containing 900 µL of absolute ethanol and 1.2 mL of xylene
to extract tocopherols from all samples, blank, and standards. After centrifugation at 3500 rpm for 5 minutes, 0.8
mL of the organic layer was collected and added to new
tubes containing 0.4 mL of bathophenanthroline. Using
bathophenanthroline prevents reaction of the carotenoids
with ferric chloride, which could have interfered with
absorption readings. Subsequently, 0.4 mL ferric chloride
was added, the sample was agitated using a vortex
blender to promote oxidation of α-tocopherol, and the
subsequent reaction with bathophenanthroline produced
an orange product. Addition of 0.4 mL of orthophosphoric acid stabilizes the color by preventing additional
color reactions with ferric chloride. The tubes were allowed to stand for 3 minutes before absorbance measurements were taken at 536 nm. The absorbance of each
tube was read twice at 536 nm on a Perkin Elmer
UV/VIS Lambda Bio 40 Spectrophotometer. The color
was stable up to an hour and a half [15].
The concentration of tocopherol was determined using
a linear regression (y = 0.008996x − 0.001946, R2 > 0.95)
of a curve created from standards. This method of using
Fe(III)-bathophenanthroline spectrophotometry [16] is
slightly less reproducible when compared to HPLC
methods [15], but the abundant sampling and standardization of this method allows for it to be satisfactory
comparing hydroponic and soil growing conditions. The
reproducibility of spectrophotometry was determined by
the percent recovery method described above, with a
tocopherol percent recovery of 88.74% ± 2.07%.
Copyright © 2013 SciRes.
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2.6. Statistical Analysis
Statistical analyses were conducted using Prism® for
Windows, version 4.00 (Graph Pad Software, Inc., La
Jolla, CA). To determine significance between varieties,
one-way analysis of variance was performed using Bonferroni as a post-test when significance was observed. To
determine significance between hydroponic and soil conditions, Student t-test was used. A probability value of p
< 0.05 was used to determine significance. Results are
expressed as mean ± standard deviation (S.D.).

3. Results
Red Lollo Antago and Red Romaine Annapolis are
red-leafed lettuces found to be redder in the hydroponic
condition than the soil condition. Waldmann’s Dark
Green is a green-leafed lettuce and was found to be a
darker green when hydroponically-grown than when
soil-grown. No physical differences were observed between the butterleaf lettuces. Hydroponically-grown
Waldmann’s Dark Green, Red Lollo Antago, and Red
Romaine Annapolis displayed edges of leaves that were
more scalloped than the soil-grown plants.
The percent difference in tocopherol between hydroponically-grown and soil-grown Waldmann’s Dark
Green was 229%, with the hydroponic lettuce being
higher in tocopherol than the soil lettuce. Hydroponically-grown Red Romaine Annapolis was 597% higher
in tocopherol than soil-grown. Red Lollo Antago contained the highest concentration of tocopherol, with the
hydroponically-grown at 492% more than soil-grown.
These three varieties were found to have a significant
difference in total tocopherol concentration. Soil-grown
Butterleaf lettuce was found to have 45.4% less tocopherol than hydroponically-grown Butterleaf, however,
this was not found to be statistically significant (Table
1).
A significant difference between the total ascorbic acid
concentration of hydroponic and soil growing conditions
was found in the Waldmann’s Dark Green, Red Lollo
Antago, and Red Romaine Annapolis varieties but not in
the Butterleaf variety (Table 2). Hydroponically-grown
Red Romaine Annapolis, the lettuce with the highest
concentration of ascorbic acid, contained 215% more
ascorbic acid than the soil-grown Red Romaine Annapolis. Red Lollo Antago hydroponic lettuce had 171% more
ascorbic acid than soil lettuce of the same variety.
Waldmann’s Dark Green contained 93% more ascorbic
acid in the hydroponically-grown lettuce. Butterleaf contained 183% more in the hydroponic condition, but this
difference was not found to be significant (Table 2).
No significant difference in total tocopherol concentration was found between Red Lollo Antago and Red
Romaine varieties of hydroponically grown lettuce. Nor
FNS
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Table 1. Total tocopherol concentration in hydroponically- and soil-grown lettuce varieties (mean ± S.D.).
Variety of Lettuce

Hydroponically-grown lettuce
(mg/100g fresh weight)

Soil-grown lettuce
(mg/100g fresh weight)

t

p

Waldmann’s Dark Green

1.412 ± 0.144

0.428 ± 0.230

7.74

0.001*

Red Lollo Antago

7.168 ± 0.662

1.028 ± 0.208

14.2

0.001*

Red Romaine Anapolis

9.586 ± 1.949

1.617 ± 0.725

5.96

0.004*

Butterleaf

0.256 ± 0.193

0.469 ± 0.338

0.86

0.434

N = 3 with 2 replicates. *P < 0.05, determined using student t-test.

Table 2. Total ascorbic acid concentration in hydroponically- and soil-grown lettuce varieties (mean ± S.D.).
Variety of Lettuce

Hydroponically-Grown Lettuce
(mg/100g fresh weight)

Soil-Grown Lettuce
(mg/100g fresh weight)

t

p

Waldman’s Dark Green

3.382 ± 0.178

1.751 ± 0.023

17.6

0.001*

Red Lollo Antago

5.075 ± 0.471

1.872 ± 0.035

44.5

0.001*

Red Romaine Anapolis

7.413 ± 0.256

2.347 ± 0.390

29.0

0.001*

Butterleaf

1.365 ± 0.483

0.482 ± 0.141

2.63

0.057

N = 3 with 3 replicates. *P < 0.05, determined using student t-test.

was there a difference between Waldmann’s Dark Green
and Butterleaf of the hydroponic condition. However,
there was a significant difference in total tocopherol
concentration between the Red Lollo Antago and Red
Romaine Annapolis versus Waldmann’s Dark Green and
Butterleaf (Figure 1). The former varieties contained
164% more tocopherol than the latter two varieties.
The soil-grown condition did not demonstrate any
significant difference between lettuces with respect to
tocopherol concentration, but significant differences in
total ascorbic acid concentration were observed (Figure
2). Waldmann’s Dark Green and Red Lollo Antago were
significantly higher in ascorbic acid than Butterleaf, at
97%. Red Romaine Annapolis contained 27% more
ascorbic acid than Waldmann’s Dark Green and Red
Lollo Antago, and 132% more than Butterleaf.
Total ascorbic acid concentration of all hydroponically
grown lettuces was found to be significantly different
(Figure 3). Waldmann’s Dark Green contained 85%
more ascorbic acid than Butterleaf. Red Lollo Antago
contained 40% more ascorbic acid than Waldmann’s
Dark Green, and Red Romaine Annapolis’ ascorbic acid
concentration was 37% higher than Red Lollo Antago.
The hydroponically-grown lettuce with the highest total
ascorbic acid concentration, Red Romaine Annapolis,
contained 138% more ascorbic acid than the hydroponically-grown lettuce with the lowest ascorbic acid concentration, Butterleaf.
There were no significant differences in ascorbic acid
content for soil-grown lettuce varieties (not shown).
Copyright © 2013 SciRes.

Figure 1. Tocopherol concentrations of various hydroponically grown lettuces. Lettering ab indicates significance at p
< 0.05, with Bonferroni used as a post-test for ANOVA.
Waldmann’s Dark Green hydroponically grown (WDG(H));
Red Lollo Antago hydropnically grown (RLA(H)); Red
Romaine Anna polis hydroponically grown (RRA(H)); Butterleaf hydroponically grown (B(H)).

4. Discussion
4.1. Qualitative Evaluation of Lettuce
Hydroponically grown lettuces obtained from Mountain
View Montessori were slightly larger and more richly
colored than their soil-grown counterparts. Waldmann’s
Dark Green was greener whereas the Red Lollo Antago
and Red Romaine Annapolis were redder. The color differences between hydroponic lettuces and soil lettuces
may be due to a difference in maturation at time of harvest. Hydroponically-grown leaves were sturdier than
soil-grown leaves, the latter of which felt thin and papery.
After transport, the interior of the hydroponically-grown
FNS
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Figure 2. Ascorbic Acid concentrations of various soil grown
lettuces. Lettering abc indicates significance at p < 0.05,
with Bonferroni used as a post-test for ANOVA. Waldmann’s
Dark Green soil grown (WDG(S)); Red Lollo Antago soil
grown (RLA(S)); Red Romaine Anna polis soil grown
(RRA(S)); Butterleaf soil grown (B(S)).

Figure 3. Ascorbic Acid concentrations of various hydroponically grown lettuces. Lettering abcd indicates significance at p < 0.05, with Bonferroni used as a post-test for
ANOVA. Waldmann’s Dark Green hydroponically grown
(WDG(H)); Red Lollo Antago hydropnically grown (RLA(H));
Red Romaine Anna polis hydroponically grown (RRA(H));
Butterleaf hydroponically grown (B(H)).

lettuce bags contained more condensation from the lettuce than the soil-grown lettuce bags. The hydroponically-grown and soil-grown purchased Butterleaf varieties were similar in texture and color. Indoor Farms,
which produced the hydroponic Butterleaf, left the roots
intact for transport and sale, which they attribute to
lengthening freshness.

4.2. Quantitative Evaluation of Lettuce
The hydroponically-grown lettuce varieties Waldmann’s
Dark Green, Red Lollo Antago, and Red Romaine Annapolis contained significantly higher concentrations of
tocopherol and ascorbic acid than their soil counterparts.
This suggests that a hydroponic growing condition can
significantly increase the nutrient density of lettuce.
While there was no significant difference between varieties of soil-grown lettuces, hydroponically-grown WaldCopyright © 2013 SciRes.
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mann’s Dark Green and Butterleaf varieties showed significantly lower levels of tocopherol than hydroponically-grown Red Lollo Antago and Red Romaine Annapolis. These findings indicate that the latter two of the
varieties are higher in tocopherol concentration than the
former, though only when grown in hydroponic conditions.
A similar trend was seen in the Waldmann’s Dark
Green, Red Lollo Antago, and Red Romaine Annapolis
lettuces when comparing ascorbic acid concentration in
hydroponic to soil grown varieties. These three hydroponic lettuces were significantly higher in ascorbic acid
than those grown in soil, with p values < 0.0001. Significant differences were seen between all varieties of
hydroponic lettuce. Soil-grown Waldmann’s Dark Green
and Red Lollo Antago were significantly different than
the other varieties. Red Romaine Annapolis displayed the
highest concentrations of ascorbic acid in both hydroponic and soil grown conditions. These data suggest that
the red-leafed lettuces are richer in ascorbic acid than
green-leafed varieties.
This study is limited by the method used to obtain lettuces. Mountain View Montessori hydroponic lettuces
were grown next to the window of the greenhouse,
whereas the soil lettuces were grown on a bench on the
other side of the walkway, further from the window. The
circulating fan provided wind agitation to the hydroponic
lettuces, but not the soil lettuces, which could be a factor
in the strength of the leaves. These two aspects of growth
accommodations could have contributed to the differences seen in the data collected. The composition of the
soil utilized in the soil-grown condition was not analyzed
for nutrient contained therein, making the comparison of
the two growing methods difficult at this time. The difference in transport time between Mountain View Montessori lettuces (2 hours) and Butterleaf lettuces (5 - 6
days) makes comparison of the data more difficult.
Without knowing exactly how each of the Butterleaf lettuces were transported and stored, it is difficult to recreate those conditions in the Mountain View Montessori
lettuces. By growing all of the lettuce samples in a controlled laboratory setting, we believe these variables
could be more tightly controlled.
Limited data exist comparing hydroponic and soil
growing methods of the same lettuce varieties, but our
findings are similar to what little previous research has
been conducted. Sgherri et al. found that 20-day old hydroponically-grown basil was higher in both ascorbic
acid and tocopherol concentration than 35-day old soilgrown basil [6]. Under our conditions, hydroponic lettuces were available for harvest earlier than the soil
grown lettuces. This is consistent with the findings of
Nicola et al., who found that the growth period of their
hydroponic lettuces was shorter than their soil lettuces
FNS
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[17]. Since our hydroponic and soil grown lettuces were
harvested on the same day, the hydroponic lettuces were
further along in development than the soil lettuces, attributing to the richer red color of the hydroponic lettuces.
A study by Selma et al. compared ascorbic acid concentration in hydroponic and soil cultures of Red Lollo
Rosso, Red Oak Leaf, and Butterleaf lettuces. At harvest
(day 0), only Red Lollo Rosso had a significantly higher
ascorbic acid concentration than soil-grown Red Lollo
Rosso [8]. They found no significant difference between
their Butterleaf lettuces, which is similar to what we
found (p value for ascorbic acid = 0.057, p value for tocopherol = 0.434). There was no significant difference
between hydroponically-grown and soil-grown Butterleaf
lettuces (Tables 1 and 2). These findings are consistent
with the nutritional information for soil-grown Butterleaf
lettuce previously published [18] and another study comparing hydroponically- and soil-grown butterleaf lettuces
[19]. Both conditions were still significantly lower in
ascorbic acid and tocopherol regardless of growing
method.
Before this study was conducted, few studies had been
published comparing growing methods. These findings
contribute more data to the comparison of hydroponically- and soil-grown lettuces. The data support the hypothesis that selected hydroponically-grown lettuce varieties are just as nutritious, if not more nutritious, than
the same lettuces grown in soil when grown using Fox
Farm Grow Big nutrient solution diluted according to the
directions on the bottle. The nutrient solution was not
manipulated to alter the ascorbic acid or tocopherol concentration in the lettuces. It is important to establish nutritional information for hydroponically-grown foods to
validate the growing method.

4.3. Influence of Growing Condition on Ascorbic
Acid
Nitrogen is an important building material for plant
growth. When a hydroponic system was used to optimize
a plant’s access to nutrients, larger crops were obtained
hydroponically compared to soil grown systems [20,21].
This phenomenon can be explained by Seginer’s Nicolet
Model [22], which predicts that when nitrogen and carbon uptakes are equal, there will be leaf expansion. Excess carbon, which does not occur when the nitrogen
uptake is high in a hydroponic system, leads to leaf
thickening. This increase in plant leaf expansion leads to
a dilution effect of ascorbic acid and therefore a decrease
in concentration [12].
The US Agricultural Research Station experimented in
prying apart the leaves of iceberg lettuce during growth.
They found that keeping such a tight leaf head from
forming allowed more leaf surface to be exposed to the
Copyright © 2013 SciRes.

sun, which in turn increased the nutritional density of the
plant [23]. This doubled iron and calcium and quintupled
the ascorbic acid concentration of the plant. Increasing
light intensity has already been shown to increase the
amount of ascorbic acid a plant can instill in its leaves
[11]. Ascorbic acid is a product of the conversion of sugars created during photosynthesis; increasing sunlight
increases photosynthetic processes and provides more
starting material to create ascorbic acid [11].

5. Conclusion
These data indicate that hydroponic gardening can produce a more nutrient dense lettuce than the same lettuce
grown in soil. The seeds used for three of the four varieties of both hydroponic and soil growing conditions were
obtained from the same distributer of seeds and grown in
the same location, yet the hydroponic system produced
an arguably better lettuce when considering the higher
ascorbic acid and tocopherol concentrations. Variation in
the concentrations of tocopherol and ascorbic acid between varieties implies that certain varieties of lettuce are
more nutrient rich. We are confident in concluding that
utilizing a hydroponic method of crop farming is sufficient for producing nutritious produce.
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