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Abstract: Lettuce (Lactuca sativa L.) is not only easy to grow, but it is also common in diets around the
world. This study was conducted to determine the impact of Chinese chive (Allium tuberosum Rottler),
soybean (Glycine max L.) leaf, and soybean stem extracts on lettuce plants’ secondary substances,
minerals, amino acids, and free sugars. This study was carried out in order to better understand
which types of plant extract applications are most effective in increasing lettuce plants’ nutritional
value. While not all applications produced an increased nutritional value in the lettuce plants, we
found that soybean leaf extract treatments increased the Mg and Ca contents and Chinese chive
treatments increased the Fe contents in the lettuce plants. Additionally, glucose and maltose contents
in lettuce plants were higher after treatments of Chinese chive and soybean leaf extracts. Finally, all
selected extracts increased the total and free amino acid levels in our test plants.
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1. Introduction

While the benefits are apparent, the mechanisms underlying biostimulants are not well
understood. However, what is known is that certain plant extracts are rich sources of macro-
and micro-elemental nutrients, amino acids, and other compounds that may enhance the
nutritional value of plants that have been treated with these extracts. While there have
been several studies on biostimulants [1–3], to the best of our knowledge, no studies have
yet investigated the chemical components of lettuce (Lactuca sativa L.) treated with Chinese
chive (Allium tuberosum Rottler) or soybean (Glycine max L.) stem and leaf extracts.

Our studies were conducted in order to better understand how extract applications
can potentially increase nutritional values in one of the world’s most commonly grown
plants, lettuce. The methods of biostimulation in this study are forms of environmentally
friendly, sustainable agriculture which reduce the use of chemical inputs such as pesticides
and fertilizers [4].

One of the major goals of agricultural production is to improve value-added traits,
especially nutritional factors [5,6]. Because improved crop nutrition has a direct effect on
consumers’ health, methods such as biofortification have become increasingly common in
the pursuit of increased nutrition in crops [7,8]. However, due to the inherit complexities of
biofortification, it is beneficial to examine other, less complicated means of increasing crop
nutrition. Thus, the focus of this study was to evaluate the effectiveness of plant extract
applications in increasing crop quality and nutritional value.

Soybean is one of the most commonly consumed legumes worldwide, with 200 million
metric tons produced each year [9]. In Korea, the area of soybean cultivation is increasing,
with 8129 ha being used for its growth in 2016 [10]. At harvest time, there are many fallen
soybean leaves and stems; however, these products are usually not used for commercial
purposes and are often discarded. As this study will show, this plant by-product may have
significant potential to improve crop nutrition.
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Chinese chive, a member of the same family as onion and garlic, is a perennial plant
with thin leaves that grows to a height of about 40 cm [11]. This plant can be continually
harvested seven to eight times per years for 5–6 years with one sowing. Recently, the area
used for cultivation of Chinese chive, as well as its utilization as a vegetable, have been
increasing [12].

Lettuce, which is a member of the Compositae family, is a major vegetable used
throughout the world and can be grown virtually anywhere [13]. In Korea, lettuce is
commonly used as a “wrap vegetable”, for various dishes and is eaten along with perilla
(Perilla frutescens) and pakchoi (Brassica rapa L. var. chinensis) [14].

In previous studies [15], we determined that Chinese chive and soybean leaves and
stems were effective biostimulants for crop promotion. In the case of Chinese chive, this
plant is extremely prolific after a single planting. In the case of soybean, this plant can
be grown almost anywhere [9]. As such, these two plants were ideal candidates for our
study. Extracts such as these contain a wide range of bioactive compounds that are still
mostly unknown. These products are usually able to improve nutrient use efficiency,
stimulating plant development and allowing reduced fertilizer consumption [3]. For
example, nutritional qualities such as carbohydrates, proteins, and mineral contents of
wheat grains were improved after spray treatment of plants with 0.25, 0.50, and 1.0%
K. alvarezii seaweed [16]. Thus, this study was conducted to determine if the levels of
secondary substances, minerals, amino acids, and free sugars could be increased in lettuce
plants by Chinese chive and soybean leaf and stem extract treatments.

2. Materials and Methods
2.1. Plant Materials and Treatments

In a previous study published in 2017, we examined extracts made from 38 different
agro-materials commonly used in traditional Korean agriculture with the purpose of
determining which materials and extraction methods could be combined to produce the
most effective growth-promoting extracts [15]. From this study, we determined that among
the most effective extracts were those made using a water extraction method of Chinese
chive (cv. Sanbuchu), soybean leaf (cv. Daewon), and soybean stem (cv. Daewon). Thus,
these extracts were used for further examination in this study.

Lettuce (cv. Cheonghacheongchima) seeds were sown in pots (200 mL) filled with
potting soil (Hungnong-Bio Soil, Suncheon, South Korea) in a greenhouse under light con-
ditions of 14 h light/10 h dark. Day temperatures were 30 ± 2 ◦C and night temperatures
were 20 ± 3 ◦C with 70% relative humidity and 500 µmol m−2s−1 PAR. At the 4–5 leaf
stages for lettuce, the seedlings were treated by foliar spray with an aqueous solution (5 mL
per pot) of the aforementioned extracts at a 5% concentration.

The above treated leaves were determined 1, 2, and 7 days after treatments with
Chinese chive and soybean extracts: Total phenol contents, total flavonoid contents, DPPH
radical scavenging activity, mineral compositions, total amino acids, free amino acids, and
free sugar contents. In addition, the aforementioned parameters were measured in Chinese
chive and soybean leaf and stems themselves.

2.2. Total Phenol and Flavonoid Contents and DPPH Scavenging Activity

Total phenol and flavonoid contents and scavenging activity were analyzed after 0.5 g
of the dried plant samples were mixed with 10 mL of 99.9% ethanol in a mortar, ground in
a grinder, and centrifuged at 5000 rpm for 10 min.

To determine total phenolic contents, 1 mL of extract was added to 3 mL of distilled
water and 1 mL of Folin–Denis’ reagent, and then shaken for 5 min. The mixed solution was
left for 1 h at room temperature and measured using a UV spectrophotometer at 640 nm
(UV-1601; Shimadzu Co., Kyoto, Japan).
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For measuring total flavonoid contents, 0.5 mL of extract were mixed with 1.5 mL of
ethanol (95%), 10% of AlCl3, 1 M of potassium acetate, and 2.8 mL of distilled water. The
mixed solution was then left for 40 min at room temperature and measured using a UV
spectrophotometer at 415 nm (UV-1601; Shimadzu Co., Kyoto, Japan).

To measure the DPPH scavenging activity, the 100 µL of extract, 500 µL of 0.1 M
acetate buffer solution (pH 5.5), 250 µL of 0.5 mM DPPH (2,2-diphenyl-1-picrylhydarzyl),
and 400 µL of ethanol were mixed for 30 min at room temperature. The mixed solution was
measured using a UV spectrophotometer at 517 nm (UV-1601; Shimadzu Co., Kyoto, Japan).

2.3. Mineral Analyses

Leaves were put in a dry oven at 40 ◦C for three days and ground using a leaf grinder
to analyze mineral nutrient contents [17]. Two grams of the ground samples were diluted
with 10 mL of nitric acid (20%, v/v), slowly raising the temperature on a heat plate until
the solution was clear. The solution was mixed up 50 mL by distilled water and allowed to
pass through a Whatman No. 6 filter paper, which was then measured by an inductively
coupled plasma atomic emission spectrometer (ICP; Optima 3300 DV ICP; PerkinElmer
Co., Waltham, MA, USA).

2.4. Total Amino Acid, Free Amino Acid, and Free Sugar Analyses

Two grams of the dried plant samples were put in a heat-resisting vial, and hydrolyzed
with 15 mL of 6 N HCl in a dry oven at 110 ◦C for 24 h. They were then centrifuged at
15,000 rpm for 30 min and cooled down at room temperature to measure total amino
acids [18]. In order to remove hydrochloric acid and water from the solution, it was
allowed to evaporate at 50 ◦C. We then added 10 mL of pH 2.2 sodium citrate buffer
solution and this mixture was allowed to pass through a 0.22 µm membrane filter. The
filtrate was analyzed by a S433 amino acid analyzer (Sykam Co., Eresing, Germany).

Ten grams of the dried plant samples were homogenized using an Ace Homogenizer
(Nissei Co., Tokyo, Japan) to extract free sugar and filtrated using a 0.45 µm membrane
filter to measure free amino acids [18]. We then added 25 mg of sulfosalicylic acid to 10 mL
of the filtrate. This mixture was kept in a room at 4 ◦C for 4 h and then centrifuged at
15,000 rpm for 30 min, and the supernatant was filtrated using a 0.22 µm membrane filter.
The filtrate was analyzed by an S433 amino acid analyzer (Sykam Co., Eresing, Germany).

Fructose, glucose, and sucrose contents in plants were analyzed according to the
method of Wilson et al. [19]. The 5 g of dried plant samples were added to 50 mL of distilled
water and shaken in a 30 ◦C water bath for 30 min. This was then centrifuged at 15,000 rpm
for 30 min and filtrated using a 0.45 µm membrane filter. From this filtrate, 20 µL were
used to analyze the free sugar contents using high-performance liquid chromatography
(HPLC, Spectra-Physics P4000, Fremont, CA, USA).

2.5. Statistical Analysis

All experiments were carried out with 3 replications. Significant differences were
determined using analysis of variance (ANOVA). Analyses were performed using Statistical
Analysis Systems software [20]. In the case of significant differences, means were separated
by Duncan’s multiple range test at P ≤ 0.05.

3. Results and Discussion
3.1. Extract Treatments’ Effects on Lettuce Plants’ Total Phenol and Flavonoid Contents and
DPPH Radical Scavenging Activity

Initially, total phenol and flavonoid contents and DPPH radical scavenging activity
were measured in Chinese chive and soybean leaves and stems themselves. The total phenol
contents of the three materials ranged from 3.47 to 1.93 mg/g DW in the order Chinese
chive > soybean leaf > soybean stem (Table 1). Furthermore, the total flavonoid contents
in Chinese chive were 4.3 times higher than in soybean leaf. However, DPPH radical
scavenging activities did not differ significantly between Chinese chives and soybean
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leaves. Moreover, the total flavonoid contents and DPPH radical scavenging activities in
soybean stems were very low. In another study, soybean leaves were shown to contain
higher levels of isoflavones [21]. Furthermore, phenolic acids and flavonoids such as
salicylic, 4-hydroxybenzoic, valillic, 4-hydrooxycinnamic, ferulic, caffeic, gentisic, and
quercetin in soybean leaf extracts were detected upon HPLC analysis [22]. There is also
a large amount of glycine, serine, alanine, and histidine, as well as substances related
to antioxidant activity, in soybean leaf extracts [23]. Chinese chives are also known to
contain relatively higher contents of chlorophyll, β-carotene, vitamin C, sulfur-containing
compounds, and many kinds of flavonoids [12]. Taking all of this into consideration,
secondary metabolites such as flavonoid contents could be increased in lettuce plants if
they were treated with extracts from Chinese chive and soybean leaf and stems.

Table 1. Total phenols, total flavonoids and DPPH radical scavenging activity in Chinese chive leaf and soybean leaf and
stems.

Material (Dry) Total Phenol Content (mg/g DW. z) Total Flavonoid Content
(µg/g DW.)

DPPH Free Scavenging
Activity (%)

Chinese chive 3.47 a* 90.0 a 33.3 a

Soybean leaf 1.93 b 21.0 b 28.1 ab

Soybean stem 0.59 c 1.2 c 9.3 b

DW—dry weight. * Means within a column followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

The total phenol and flavonoid contents and DPPH scavenging activity of the fourth
and first leaves of lettuce were determined 1, 2, and 7 days after Chinese chive and soybean
leaf and stem treatments (Table 2). The total phenol contents in lettuce plants showed no
significant differences among treatments when compared with the control, regardless of
plant parts (fourth and first leaves) and time after treatment. However, a notable exception
would be in fourth lettuce leaves observed 1 day after treatment with Chinese chive extract.
In this particular scenario, we found that the total phenol contents were significantly higher.
Seeing as this was the exception and not the rule, we concluded that the extracts used in
this study do not increase total phenol contents.

However, fertilization of rocket (Eruca vesicaria subsp. sativa) plants with 2% leaf and
3% twig extracts of Moringa oleifera increased phenol contents [2]. Similar to the total
phenol contents, total flavonoid contents and DPPH radical scavenging activities showed
generally no significant differences after treatments with Chinese chive, soybean leaf, and
soybean stem extracts when compared with the control, regardless of plant parts (young
and old leaves) and time after treatment. However, the total flavonoid contents of the
first leaves of lettuce were significantly higher in plants treated with Chinese chive and
soybean stem extracts than the control at only 7 days after treatment. Although total phenol
and flavonoid contents in Chinese chives were higher than in soybean leaves and stems
(Table 1), these increased levels may not be related to an increase in their contents in lettuce
plants after treatment with Chinese chive and soybean leaf and stem extracts. Unlike in
the present study, application of 1.0 g/L extract of Ascophyllum nodosum increased the total
phenol and flavonoid contents of treated spinach leaves [24].
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Table 2. Changes in total phenols, total flavonoids and DPPH radical scavenging activity of lettuce plants after treatments
of selected plant extracts.

Sampling Day
(DAT) Harvest Part Water Extract (5%) Total Phenol

Content (mg/g FW.)
Total Flavonoid

Content (µg/g FW.)
DPPH Free Scavenging

Activity (%)

1

Fourth leaf

Control 0.47 b* 0.056 a 26.91 a

CC 0.86 a 0.054 a 31.78 a

SL 0.64 b 0.05 a 23.69 a

SS 0.69 ab 0.053 a 29.6 a

First leaf

Control 0.76 a 0.058 a 34.85 a

CC 0.85 a 0.059 a 36.94 a

SL 0.90 a 0.054 a 32.8 a

SS 0.79 a 0.054 a 37.95 a

2

Fourth leaf

Control 0.68 a 0.045 a 25.30 a

CC 0.75 a 0.052 a 27.32 a

SL 0.53 a 0.042 a 21.62 a

SS 0.70 a 0.052 a 26.91 a

First leaf

Control 0.74 ab 0.046 a 37.35 a

CC 0.76 a 0.053 a 34.04 a

SL 0.50 b 0.042 a 27.23 a

SS 0.74 ab 0.046 a 33.9 a

7

Fourth leaf

Control 0.54 a 0.076 a 37.5 a

CC 0.59 a 0.077 a 38.9 a

SL 0.54 a 0.086 a 39.0 a

SS 0.56 a 0.085 a 39.0 a

First leaf

Control 0.48 a 0.060 b 36.1 a

CC 0.48 a 0.077 a 36.1 a

SL 0.56 a 0.069 ab 38.9 a

SS 0.47 a 0.076 a 37.8 a

DAT—day after treatment, FW—fresh weight, CC—Chinese chive, SL—soybean leaf, S—soybean stem. * Means within a column followed
by the same letters are not significantly different at 5% level according to Duncan’s multiple range test.

3.2. Extract Treatments’ Effects on Lettuce Plants’ Mineral Content

The concentrations of K, Mn, and P in Chinese chives were significantly higher than
in soybean leaves and stems (Table 3). Additionally, Ca and Fe contents in soybean leaves
were 4.6–5.7 and 2–64 times higher than in Chinese chives and soybean stems, respectively.
However, mineral contents in soybean stems were generally lower than in Chinese chive
and soybean leaves. After soybean leaf extract treatments were applied to lettuce plants,
the Mg and Ca contents in the lettuce plants increased (Table 4), while the Fe content in the
lettuce plants increased after Chinese chive extract treatments. Other mineral contents in
lettuce plants were not negatively affected by treatment with Chinese chive and soybean
leaf and stem extracts.

Table 3. Mineral contents in Chinese chive leaf, soybean leaf, and soybean stems (unit: ppm).

Element Chinese Chive Soybean Leaf Soybean Stem

Mg 727.33 a* 767.33 a 406.15 b

Ca 1729.00 b 8025.00 a 1395.67 b

Na 220.78 a 156.53 b 180.70 ab

K 11,395.00 a 981.17 c 2937.83 b

Zn 0.00 0.00 0.00
Cu 1.65 a 1.98 a 1.50 a

Fe 32.98 b 64.20 a 0.00 c

Mn 57.22 a 44.83 b 0.00 c

P 8.33 a 0.00 b 0.00 b

* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

There are several similar studies which have shown that the mineral content in plants
can be increased by plant extract applications. For example, applications of biochar at 2%
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and seaweed extract at 1 g/L caused a significant increase in Cu, Mn, and Zn contents in
wheat plants when compared with the control [25]. Moreover, the N, P, K, Ca, Mg, and
Fe contents in rocket plants increased after being treated with a Moringa oleifera extract
made from 2% leaf and 3% twig concentrations [2]. Additionally, applications of seaweed
extract have been shown to increase the leaf accumulation of N, P, K, Mg, and Zn in
grapevines [26].

Table 4. Changes in mineral contents of lettuce plants after treatments of selected plant extracts.
Parameters were measured at 7 days after treatment (unit: ppm).

Element Control Chinese Chive Soybean Leaf Soybean Stem

Mg 574.52 b* 612.93 ab 652.76 a 590.61 ab

Na 2475.24 a 2704.41 a 2575.49 a 2533.45 a

K 25,022.78 a 26,408.82 a 24,465.18 a 24,600.39 a

Ca 1311.35 b 1396.10 b 1545.77 a 1311.54 b

Fe 47.29 b 58.77 a 51.13 ab 44.10 b

Mn 26.65 a 29.88 a 33.02 a 27.79 a

Cu 3.63 a 3.92 a 3.32 a 3.39 a

Zn 8.29 a 8.48 a 8.07 a 8.4 a

P 0.0 0.0 0.0 0.0
* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

3.3. Extract Treatments’ Effects on Lettuce Plants’ Total and Free Amino Acid Content

All amino acid contents except for proline were highest in Chinese chives, followed
by soybean leaves and then soybean stems (Table 5). Aspartic acid, methionine, leucine,
tyrosine, histidine, and lysine contents in lettuce plants increased in response to treatment
with Chinese chive, while proline, alanine, valine, methionine, tyrosine, lysine, and arginine
contents increased in response to soybean leaf treatment when compared with the control
(Table 6). In addition, aspartic acid, proline, alanine, valine, leucine, tyrosine, lysine, and
arginine in lettuce plants increased in response to treatment with soybean stems when
compared with the control. Moreover, tyrosine, and lysine contents in lettuce plants were
increased by treatments with all test extracts. Thus, the increase in total amino acid contents
in lettuce plants in response to Chinese chive and soybean leaf and stem extracts may be
related to the higher levels of these compounds in the parent materials.

Among free amino acids, aspartic acid and proline levels were highest in Chinese
chives followed by soybean leaves and then soybean stems (Table 7). However, the levels of
other free amino acids such as threonine and serine in Chinese chives were higher than in
soybean leaves and stems. There were no differences in free amino acid contents between
soybean leaves and stems. Moreover, 12, 13, and 9 of the 17 free amino acids in lettuce
plants increased in response to treatment with Chinese chive and soybean leaf and stem
extracts, respectively, when compared with the control (Table 8). Free amino acids showed
greater increases in response to soybean leaf extracts than Chinese chive and soybean stem
extracts. Similar to the total amino acids, the increase in free amino acid contents in lettuce
plants in response to Chinese chive and soybean leaf and stem extracts may be related to
higher levels in the parent materials. Thus, the lettuce growth induced by selected plant
extracts was associated with an increase in amino acids. It is clear that foliar application of
either amino acids or phenols significantly promoted the growth parameters in terms of
shoot height and fresh and dry biomass of Ammi visage L. [27]. Phenols and amino acid
treatments resulted in qualitative differences in the components of essential oil. In another
study, seaweed and yeast extracts increased protein content in the plant Vicia faba [1]. The
higher protein content could be due to the incorporation of the amino acids used directly
for protein biosynthesis.
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Table 5. Total amino acid contents in Chinese chive leaf, soybean leaf, and soybean stems (unit: mg%).

Amino Acid Chinese Chive Soybean Leaf Soybean Stem

Aspartic acid 1559.34 a* 522.92 b 175.71 c

Threonine 515.41 a 173.73 b 53.44 c

Serine 704.56 a 282.77 b 100.25 c

Glutamic acid 2049.93 a 461.73 b 121.46 c

Proline 168.27 b 267.66 a 95.23 c

Glycine 669.55 a 259.85 b 64.17 c

Alanine 903.48 a 258.91 b 68.43 c

Valine 373.33 a 118.92 b 37.24 c

Methionine 180.22 a 48.46 b 12.14 c

Isoleucine 264.58 a 88.34 b 24.36 c

Leucine 800.00 a 283.43 b 76.00 c

Tyrosine 262.23 a 113.05 b 21.41 c

Phenylalanine 434.63 a 153.68 b 43.85 c

Histidine 949.93 a 378.83 b 174.22 c

Lysine 662.26 a 194.92 b 80.21 c

Arginine 507.91 a 191.91 b 34.62 c

Total 11,005.6 3799.0 1185.7
* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

Table 6. Change in total amino acids of lettuce plants after treatments of selected plant extracts.
Parameters were measured at 7 days treatment (unit: mg%).

Amino Acid Control Chinese Chive Soybean Leaf Soybean Stem

Aspartic acid 1670.56 c* 1773.64 b 1710.26 c 1882.23 a

Threonine 761.136 a 746.51 a 776.52 a 793.73 a

Serine 733.65 a 742.00 a 773.20 a 780.57 a

Glutamic acid 1966.84 a 1950.73 a 2013.24 a 2065.79 a

Proline 1028.43 c 1022.95 c 1123.14 b 1206.24 a

Glycine 1019.39 a 1042.37 a 1044.69 a 1089.29 a

Alanine 1130.28 b 1162.52 b 1204.42 a 1263.15 a

Valine 1119.38 c 1140.93 c 1195.88 b 1289.20 a

Methionine 109.32 c 145.09 a 131.74 b 121.49 bc

Isoleucine 1252.70 a 1299.32 a 1286.59 a 1208.90 a

Leucine 1232.15 b 1383.38 a 1239.60 b 1383.79 a

Tyrosine 224.61 c 257.75 b 348.049 a 259.59 b

Phenylalanine 726.4 a 802.86 a 772.61 a 822.11 a

Histidine 461.51 b 584.00 a 524.86 ab 526.39 ab

Lysine 694.18 c 742.25 b 814.14 a 838.41 a

Arginine 757.76 c 770.71 bc 817.24 a 810.23 ab

Total 14,888.2 15,567.1 15,776.1 16,341.1
* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.
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Table 7. Free amino acid contents in Chinese chive leaf, soybean leaf, and soybean stems (unit: mg%).

Amino Acid Chinese Chive Soybean Leaf Soybean Stem

Aspartic acid 50.41 a* 10.42 b 1.71 c

Threonine 46.81 a 5.02 b 0.00 b

Serine 197.9 a 5.91 b 5.82 b

Glutamic acid 132.84 a 15.73 b 4.32 b

Proline 11.02 a 8.02 b 1.71 c

Glycine 16.00 a 2.41 b 0.34 b

Alanine 106.74 a 8.12 b 0.82 b

Valine 49.00 a 5.31 b 0.53 b

Methionine 8.22 a 1.00 b 0.22 b

Isoleucine 28.33 a 3.91 b 0.32 b

Leucine 64.24 a 7.32 b 0.61 b

Tyrosine 33.38 a 1.84 b 0.21 b

Phenylalanine 41.25 a 4.45 b 0.62 b

Histidine 102.13 a 5.93 b 2.43 b

Lysine 53.44 a 4.71 b 0.62 b

Arginine 30.16 a 3.62 b 0.41 b

Total 971.8 93.6 20.7
* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

Table 8. Change in free amino acids of lettuce plants after treatments of selected plant extracts.
Parameters were measured 7 days after treatment (unit: mg%).

Amino Acid Control Chinese Chive Soybean Leaf Soybean Stem

Aspartic acid 81.55 c* 118.03 ab 107.08 b 124.79 a

Threonine 73.75 c 85.49 b 92.64 a 73.07 c

Serine 279.74 c 320.3 b 473.81 a 323.63 b

Glutamic acid 97.27 b 117.77 a 104.92 ab 104.99 ab

Proline 122.93 c 157.20 a 130.68 bc 141.66 b

Glycine 5.20 c 5.39 c 7.47 a 6.53 b

Alanine 135.7 c 151.88 ab 148.77 bc 153.28 a

Valine 99.49 c 115.86 b 141.64 a 109.38 bc

Methionine 5.85 c 7.11 b 10.72 a 7.09 b

Isoleucine 112.82 c 125.97 b 169.88 a 110.47 c

Leucine 51.26 c 59.99 b 71.74 a 57.80 b

Tyrosine 44.28 d 76.21 a 64.65 b 51.83 c

Phenylalanine 62.11 b 63.61 b 104.80 a 63.61 b

Histidine 46.75 b 48.02 b 65.81 a 42.62 c

Lysine 41.28 b 44.5 b 51.74 a 41.82 b

Arginine 34.06 d 38.40 c 47.94 b 55.57 a

Total 1302.6 1545.0 1809.3 1476.6
* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

3.4. Extract Treatments’ Effects on Lettuce Plants’ Free Sugar Content

Fructose and glucose were detected in Chinese chive in the highest amount, followed
by soybean leaf and, in the lowest amount, soybean stem (Table 9). Additionally, fructose
content in lettuce plants decreased following treatment with Chinese chive and soybean
stem extracts (Table 10), whereas glucose and maltose contents increased in response to
treatment with Chinese chive and soybean leaf extracts. In a similar study, enhanced
accumulation of both total protein and total sugars in rock plants observed in response
to treatments with Moringa leaf and twig extracts were caused by the high protein, sugar,
and starch content of the entire M. oleifera plant [2]. In the present study, the increase in
glucose and maltose contents in lettuce plants in response to treatments with Chinese
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chive and soybean leaf extracts may have been due to the high free sugar contents of
Chinese chive and soybean leaves. Taken together, these results present strong evidence
of the improvement of quality of lettuce plants in response to treatment with the selected
plant extracts.

Table 9. Free sugar contents in Chinese chive leaf, soybean leaf, and soybean stems (unit: %).

Chinese Chive Soybean Leaf Soybean Stem

Fructose 1.28 a* 0.46 b 0.19 c

Glucose 1.88 a 0.07 b 0.00 c

Total 3.16 0.53 0.19
* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

Table 10. Change in free sugar contents of lettuce plants after treatments of selected plant extracts.
Parameters were measured 7 days after treatment (unit: %).

Control Chinese Chive Soybean Leaf Soybean Stem

Fructose 1.99 a* 1.61 c 2.00 a 1.83 b

Glucose 2.31 b 2.42 a 2.49 a 2.22 b

Maltose 0.30 c 0.32 b 0.36 a 0.30 c

Total 4.60 4.35 4.85 4.35
* Means within a row followed by the same letters are not significantly different at 5% level according to Duncan’s
multiple range test.

4. Conclusions

Based on our studies, it is evident that a lettuce plant’s mineral, amino acid, and free
sugar contents can be increased through plant extract applications. The effects of these
extract applications, however, were not always as expected. In studies using an extract
with a high level of a particular mineral, for example, the treated lettuce plants did not
necessarily experience a corresponding increase in that mineral. By contrast, some extract
applications were especially useful in increasing the mineral, amino acid, or free sugar
contents in the treated lettuce plant. Most notably, total and free amino acid levels were
higher in treated lettuce plants regardless of which extract was used. The fact that glucose
and maltose contents in lettuce plants were higher after treatments of Chinese chive and
soybean leaf extracts is also of interest. Considering both of these findings, we believe
that our study provides further evidence that aspects of a plant’s nutritional value can be
improved through the use of plant extract applications.
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