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ARTICLE INFO ABSTRACT

Keywords: Plant-derived protein hydrolysates (PH) offer many promising benefits and applications. In this paper, PH was
Bi’mhemica_l prepared from soy-based processing waste via enzymatic-digestion method and supplemented into hydroponic
Food security grow medium solution. The hydroponic-planted lettuces were then harvested and assessed for their selected
Phytochemical

phytochemical contents, biochemical parameters, antioxidative enzymes and mineral contents. Additionally, the
lettuce’s physical properties were assessed. Based on our results, increases in three phytochemical contents were
observed, in a PH concentration-dependent manner (0-0.01 mg/mL). Similar trends were also observed for
chlorophyll and carotenoid contents. Harvested lettuce length and fresh weight peaked at 0.01 mg/mL PH
treatment group, but not in a PH concentration-dependent manner. Whereas, for other physical properties
(lettuce leaf surface area, root length, root weight), no significant difference was detected. Through this study,
we are hoping to contribute toward the potential PH application as agricultural nutrient supplement for hy-
droponic plants, with accompanied improvements in harvest yields and nutritional contents.

Nutritional contents
Phenolic

Introduction On the other hand, hydroponic plating system is an increasingly

popular method for horticultural and plant food production. In hydro-

Plant-derived biochemical components represent a vast library of
candidates with promising benefits and applications. Among them, the
potential rewards of plant-derived protein hydrolysates (PH) are
particularly promising. In general, PH is derived from the parental
proteins via enzymatic hydrolytic digestion, microbial proteolytic ac-
tions or fermentation (Chai et al., 2021). Following these hydrolytic
processes, plant protein macromolecules are converted into smaller-
sized protein hydrolysates and peptides, accustomed with their unique
physical and biological properties. Previous studies had reported on the
various applications and bioactivities of PH, ranged from health-
promoting nutrient supplements, bioactive potentials, to various ther-
apeutic applications, including anti-microbial, anti-diabetic and anti-
cancer (Chai et al., 2020). In addition, several recent studies reported
on the applications of pH as agricultural nutrient supplement in soil-
based planting (Consentino et al., 2020; Nurdiawati et al., 2019).

ponic system, the planted crops are grown in a soilless system, by sus-
pending their roots in grow medium solution, with reduced
interferences from environmental factors such as soil quality, irrigation
and climate. In addition, hydroponic system also enables better utili-
zation of land space, as well as close proximity to the targeted consumer
markets (Sharma et al., 2019; Treftz & Omaye, 2016). Popular plant
food produced using hydroponic system including but not limited to
lettuces, herbs, tomatoes, strawberries and other horticulture plants.
However, unlike the vast variety of commercial fertilizers available for
traditional soil-based planting, relatively limited commercial nutrient
supplements are currently available for application in hydroponic
planting, especially those using PH derived from enzymatic-digested
processing-wastes.

In this paper, we aim to determine the effects of protein hydrolysate
(PH) on hydroponic planted lettuce. We would like to test if PH could
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help to improve the hydroponic crop’s yield, as well as the phyto-
chemical and biochemical contents. Here, PH was firstly prepared from
soy-based processing waste via enzymatic digestion method and then
mixed into the hydroponic grow solution at different concentrations.
Following the PH-treatments, the harvested lettuce samples were
assessed for their selected phytochemical contents (total phenolics, total
flavonoids, and total hydroxycinnamic acids). Additionally, the har-
vested lettuces samples were also tested for their selected biochemical
parameters (chlorophyl, carotenoid, ascorbic acid, and antioxidant en-
zymes). Lastly, the harvested lettuce weight and other physical prop-
erties that may affect consumer purchasing desires (lettuce length and
leave surface area) were also assessed, along with factors that may affect
the plant’s nutrient uptakes (root length and weight). Through this
study, we are hoping to contribute toward the potential PH application
as nutrient supplement for hydroponic plants, with accompanied im-
provements in harvest yields and nutritional contents.

Materials and methods
Protein hydrolysate preparation

Protein hydrolysate (PH) was prepared using collected soy waste
from food-processing sector. Firstly, soy protein isolate was obtained by
suspending 100 g of soy waste in 500 mL deionized water at a ratio of
1:5, stirred for 1 h at room temperature, followed by heating for 20 min
at 90 °C. Following centrifugation, the collected supernatant was
adjusted to 80% ammonium sulfate saturation to precipitate the soy
protein from the mixture. Then, the isolated soy proteins were dialyzed
overnight using dialysis tubing (molecular weight cut-off: 6-8 KDa).
Next, PH was prepared by incubating a mixture containing 0.5 g isolated
soy protein and 0.05 g of protease (Alcalase), in 100 mL of 50 mM
Phosphate Buffer Saline (PBS) for 6 h at 50 °C. Following heat-
inactivation (20 min at 100 °C), the prepared PH was cooled on ice
and stored at —20 °C for further use (Chai et al., 2021; Quah et al.,
2018).

Testing of prepared soy PH on hydroponic lettuce

The hydroponic plant that had been chosen as testing model was
Green Coral Lettuce (Lactuca sativa L.). Firstly, germinated lettuce
samples in mesh pots were placed into covered hydroponic containers
following the Kratky method, with exposure to natural photo-period and
ambient daily temperatures (Kratky, 2005). The lettuce roots were
submerged into a commercial hydroponic grow medium solution (Well
Grow Seeds Co.), whcih was prepared by diluting 5 mL of Hydroponic
Solution A (Ca, NO3, NH4, Fe, K) and Solution B (HyPOy4, SO4, K, Mg, B,
Cu, Mo) with 2 L of distilled water, and the lettuce roots of the hydro-
ponic plants were suspended into this prepared hydroponic medium
solution. These young lettuce plant samples were then divided into
treatment groups (with soy PH) and a control group (without soy PH). In
the three treatment groups, the preparared soy PH was added into the
hydroponic grow media, at concentrations of 0.001, 0.01, and 0.1 mg/
mlL, respectively. These hydroponic-planted lettuce samples were then
allowed to grow for the next nine weeks, with pH maintained at 6.0 and
fresh grow media changed at three weeks interval. After harvested, the
fresh lettuce weights and other physical properties that may affect
consumer’s purchasing desires (lettuce length and leave surface areas)
were measured and recorded, along with factors that may affect the
plant’s nutrient uptakes (root length and weight).

Determination of phytochemical contents

Phytochemical contents in the harvested lettuce samples were
determined using previously published conditions (Wong, Chai, & Hoo,
2012). Briefly, Total phenolic content (TPC) was determined using
Folin-Ciocalteu reagent and reported as mg gallic acid equivalents /g dry
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matter (mg GAE /g DM). Total flavonoid content (TPC) was determined
using aluminium chloride reagent and reported as mg quercetin equiv-
alents /g dry matter (mg QE /g DM). Total hydroxycinnamic acid con-
tent (THC) was determined using Arnow’s reagent and reported as mg
caffeic acid equivalents /g dry matter (mg CAE /g DM). The absorbances
were monitored at 765, 510 and 490 nm, respectively (Chai et al., 2015;
Wong, Chai, & Hoo, 2012). Lastly, ascorbic acid content in the harvested
lettuce was determined using 2, 6-dichlorophenol indophenol (DCPIP)
method, with ascorbic acid as standard and reported as mg/g.

Biochemical profiles and mineral contents of harvested lettuces

After harvested, 1 g of hydroponic-grown lettuce samples were ho-
mogenized in an iced mortar and pestle using 10 mL of extraction buffer
containing 50 mM phosphate buffer (pH 7.4), 0.5 mM ascorbate and 1
mM EDTA. The mixture was then centrifuged at 10,000 rpm for 15 min,
and the supernatant was collected and used for further analysis.

The superoxide dismutase (SOD) activity was determined as previ-
ously reported, by measuring the ability of lettuce extract to inhibit the
photochemical reduction of nitroblue tetrazolium (NBT), using a 3 mL
reaction mixture containing 100 mM potassium phosphate buffer (pH
7.8), 0.1 mM EDTA, 13 mM methionine, 2.25 mM NBT (Sigma-Aldrich),
60 uM riboflavin (Sigma-Aldrich), and leaf extract sample (25-100 pL of
50 mg/mL). After 15 min of fluorescent light exposure, the 560 nm
absorbance was determined (Beauchamp & Fridovich, 1971; Malar,
Sahi, Favas, & Venkatachalam, 2015). At the same time, the catalase
(CAT) activity of lettuce extract was determined using a 3 mL reaction
mixture containing 50 mM potassium phosphate buffer (pH 7.0), 0.25
mL leaf extract sample and 60 mM hydrogen peroxide (H205). Next, the
decrease in absorbance at 240 nm was monitored to calculate the H,Oo
decomposition (extinction coefficient of 43.6 M~ ! em™!) (Dhindsa,
Plumb-Dhindsa, & Thorpe, 1981; Malar, Sahi, Favas, & Venkatachalam,
2015).

Chlorophyll and carotenoids contents were determined according to
published conditions, by incubating 0.5 g of stripped fresh lettuce into
10 mL of 98% acetone. After overnight incubation, the absorbances at
661.6, 644.8 and 470.0 nm were recorded to calculate the concentra-
tions of chlorophyll a (cy), chlorophyll b (cp) and the sum of leaf
carotenoid (cyx;c) (Lichtenthaler & Buschmann, 2001). Mineral content
analysis using atomic absorption spectroscopy (AAS) was performed
using published conditions with some modifications (Uddin et al.,
2016). Briefly, 0.1 g of the powdered lettuce sample was added into 10
mL 65% nitric acid (HNO3) and boiled for 15 min. After cooling at room
temperatue and filtered, the filtrate was then topped up to the final
volume of 50 mL with distilled water. The following eight selected
minerals: aluminium (Al), cadmium (Cd), calcium (Ca), copper (Cu),
Iron (Fe), magnesium (Mg), lead (Pb) and zinc (Zn) were then analyzed
using a flame atomic absorption spectrometer (FAAS) (Agilent Flame
Atomic Absorption Spectrometer, Model 280FSAA), by following the
absorbances at 309.3, 422.7, 228.8, 324.8, 248.3, 285.2, 217.0, 213.9
nm, respectively.

Physical characteristics of harvested lettuces

After harvested, the hydroponic-grown lettuces were assessed for
their selected physical parameters. Lettuce length and weight were
measured using the aerial parts of the harvests, and reported as centi-
meter (cm) and gram (g), respectively. For the determination of lettuce
leaf surface areas, twenty six healthy lettuce leaves were selected from
each treatment group, and a digital camera was used to capture the
outlined tracing of each leaf sample. The captured images were then
analyzed by ImageJ software (NIH) to determine the leave surface areas
and reported as square centimeter (cm?). Lastly, the lettuce root length
and weight were measured and reported as cm and g, respectively.
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Table 1
Lettuce extracts tested for their total phenolic content (TPC), total flavonoid
content (TFC), total hydroxycinnamic acid content (THC), and ascorbic acid.
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Table 2
Lettuce extracts tested for their chlorophyll a (Chl a), chlorophyll b (Chl b) and
carotenoid (Cy,.) contents.

PH Conc. TPC (mg TFC (mg QE/  THC (mg Ascorbic acid
(mg/ml) GAE/ g DW) g DW) CAE/ g DW) (mg/g)
0 0.27 £0.00°  3.18£0.03° 1.53+0.02°  0.39 +0.02"
0.001 0.29+0.00°  3.44+0.03> 1.59+0.02°  0.37 +0.01"
0.01 0.30 +0.00°  3.58+0.04° 1.69+0.00°  0.59 +0.01°
0.1 0.26 £0.009  3.53+£0.04> 1.67+0.02>  0.29 + 0.00°
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Fig. 1. Antioxidant enzymes contents in harvested lettuces, reported as Unit
(U) per milligram of protein.

Data analysis

Data are presented as mean =+ standard errors (n = 4). The statistical
analysis was performed using SAS (Version 9.4). Data were analyzed by
the ANOVA test, and means of significant differences were separated
using Fisher’s Least Significant Difference (LSD) test at the 0.05 level of
probability.

Results and discussion
Determination of phytochemical contents

Numerous studies have previously reported on how plant phy-
tochencal contents are directly linked to their bioactivities and phar-
macological potentials (Cao et al., 2017; Teng et al., 2019; Wong, Tan, &
Chai, 2016). In order to determine the effect of protein hydrolysate (PH)
treatments, the harvested hydroponic lettuce samples were firstly tested
for the phytochemical contents in three categories, namely total
phenolic content (TPC), total flavonoid content (TPC), and total
hydroxycinnamic acid content (THC). Here, when treated using PH
concentrations ranged from 0 to 0.01 mg/mL, increasing concentrations
of TPC, TFC, and THC were detected in the PH-treated lettuce (Table 1).
However, no further increase in phytochemical content was detected, in
lettuce samples treated with higher PH concentration (0.1 mg/mL).
Similar trend was observed for ascorbic acid contents. The overall in-
crease ranged from 1.10 to 1.13 folds, compared to non-treatment group
(zero PH) (Table 1). Previously, several studies had also reported on
increases in plant’s phenolic content and ascorbic acid, following the PH
applications in both soil-based and hydroponic-based plantings (Caruso
et al., 2019; Consentino et al., 2020; Ertani et al., 2019).

Biochemical profiles and mineral contents of harvested lettuces

After protein hydrolysate (PH) treatments, the harvested hydroponic
lettuces were also characterized for their biochemical profiles

PH Conc. (mg/ml) Chl , (ug/ml) Chl y, (ug/ml) Cyic (ug/ml)

0 5.44 + 0.03¢ 1.96 + 0.07¢ 1.60 + 0.02¢

0.001 6.49 + 0.03° 2.60 + 0.02° 1.97 +0.01°

0.01 9.89 + 0.08% 3.69 + 0.08% 2.73 + 0.02°

0.1 9.18 + 0.02° 3.13 + 0.04° 2.61 + 0.01°
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Fig. 2. Harvested lettuce samples tested for their mineral contents. Data are
reported as mean + SE values (n = 4). Different superscripts (a-d) indicate
statistically significant differences (p < 0.05).

(chlorophyll, carotenoid and antioxidant enzymes), as well as mineral
contents. These selected parameters were tested, as they may affect the
harvested lettuce’s antioxidant and stress tolerance, photosyntesis and
growth rates, as well as nutritional contents (Giines, Kordali, Turan, &
Usanmaz Bozhiiyiik, 2019; Han, Zhang, & Skibsted, 2012; Mourato,
Martins, & Cuypers, 2009). For antioxidant enzymes contents, we
focused on studying catalase (CAT) and superoxide dismutase (SOD).
Based on our results (Fig. 1), higher CAT and SOD contents were
detected in PH-treated lettuces, in the PH concentration ranges of
0.001-0.1 and 0.01-0.1 mg/mL, respectively. In these mentioned PH
concentration ranges, higher CAT (2.17-3.04 folds) and SOD
(1.23-1.31folds) were detected, compared to the control group (zero
PH) (Fig. 1). However, we could not rule out the possbility that the
elevated CAT and SOD levels were caused by increased stress levels in
PH-treated lettuces.

On the other hand, when tested with PH concentrations ranged from
0 to 0.1 mg/mL, both chlorophyll and caratenoid concentrations peaked
in lettuce sample treated with 0.01 mg/mL of PH. No further increase in
chlorophyll and caratenoid was detected at higher PH concentration
(0.1 mg/mL). Compared to the non-treatment groups, the increase in
chlorophyll and caratenoid ranged from 1.71 to 1.88 folds (Table 2). Our
observation is agreeable with previous studies which reported on
increased chlorophyll contents in PH-treated peppermint, maize and
patchouli plants, using both soil-based and hydroponic-based plantings
(Aktsoglou et al., 2021; Ertani et al., 2019; Nurdiawati et al., 2019). In
future studies, it would be interesting to determine the exact mechanism
that leads to the increase in chlorophyll contents, following PH-
treatment.

In addition, to test how the PH will affect the mineral absorption and
bio-accumulation of minerals in hydroponic-grown lettuces, we applied
flame atomic absorption spectrometer to detect for the presence of eight
selected minerals in our harvested lettuce samples. Here, aluminium,
cadmium and lead were not detected in any of our lettuce sample (data
not shown). Whereas for the other five mineral elements (iron, copper,
zinc, magnesium and calcium), their presences were detected in all
lettuce samples (Fig. 2). Previous studies reported on enhanced levels of
selected minerals in Diplotaxis tenuifolia and maize plants, following PH
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Table 3
Physical properties of hydroponic-planted lettuces following nine weeks of pH
treatments.

PH Conc. Lettuce Lettuce Leave surface Root Root

(mg/ml) length weight area (cm?) length weight
(cm) (€3] (cm) (€]

0 17.60 + 1.46 + 493.76 + 12.60 + 0.05 +
2.51"¢ 0.65° 77.18% 2.37° 0.03°

0.001 14.88 + 1.52 + 248.44 + 13.58 + 0.08 £
2.26° 0.67° 40.06" 2.93% 0.04°

0.01 25.73 + 3.28 + 531.65 + 18.28 + 0.13 +
1.76% 0.53% 47.65% 1.842 0.022

0.1 22.08 + 2.26 + 563.49 + 15.78 + 0.10 £+
1.83%P 0.33%° 65.55% 0.96° 0.01°

treatments (Caruso et al., 2019; Ertani et al., 2019). In our study using
lettuce, we did not detected any significant difference of mineral con-
tents in our PH-treated lettuces, compared to those in the control group.
One interesting exception was the higher magnesium (Mg) content
detected in lettuce samples grown at the highest PH concentration (0.1
mg/mL)(Fig. 2). Here, the Mg content is 1.2 fold higher, compared to the
control group. The exact mechanism for this observed spike in Mg level
remains to be determined.

Physical characteristics of harvested lettuces

To determine the effects of protein hydrolysate (PH) on the
hydroponic-grown lettuces, the harvested lettuces were also asesseed for
their fresh weights. Additionally, physical properties that may affect
consumer purchasing desires (lettuce length and leave surface areas)
were also assessed, along with factors that may affect the plant’s
nutrient uptakes (root length and weight). Compared to the control
group (zero PH), harvested lettuce’s length and fresh weight peaked at
0.01 mg/mL PH treatment group (Table 3). However, we did not observe
any PH concentration-dependent trend. Additionally, no further in-
crease in lettuce length and fresh weight was detected at higher PH
concentration. Whereas, for other physical parameters (lettuce’s leaf
surface area, root length, root weight), no significant difference was
detected, compared to the control group (Table 3). On the other hand, in
one previous PH study using spinach, increased yield and better root
development were reported (Dewang & Devi, 2021). Similarly, another
PH study conducted using patchouli, increased leaf area and dry weight
were reported (Nurdiawati et al., 2019). For our future study, it would
be interesting to study PH prepared from different sources, using
different processing parameters.

Conclusion

In conclusion, we had prepared protein hydrolysate (PH) from soy-
based processing waste via enzymatic-digestion method, followed by
testing on hydroponic-planted lettuces. Increased phytochemicals,
chlorophyll and carotenoid contents were observed. Harvested lettuce
length and fresh weight peaked at 0.01 mg/mL PH treatment group, but
not in a PH concentration-dependent manner. Whereas, for other
physical properties (lettuce leaf surface area, root length, root weight),
no significant difference was detected. With more similar studies, it is
hoped that the application of pH as hydroponic nutrient supplement
could be further explored.

Declaration of Competing Interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Food Chemistry: X 12 (2021) 100132
Acknowledgements

We would like to extend our gratitude to funding support from UTAR
Research Fund (UTARRF 6200/W80).

References

Aktsoglou, D.-C., Kasampalis, D. S., Sarrou, E., Tsouvaltzis, P., Chatzopoulou, P.,
Martens, S., & Siomos, A. S. (2021). Protein Hydrolysates Supplement in the Nutrient
Solution of Soilless Grown Fresh Peppermint and Spearmint as a Tool for Improving
Product Quality. Agronomy, 11(2), 317. https://doi.org/10.3390/
agronomy11020317

Beauchamp, C., & Fridovich, I. (1971). Superoxide dismutase: Improved assays and an
assay applicable to acrylamide gels. Anal. Biochem., 44(1), 276-287. https://doi.org/
10.1016/0003-2697(71)90370-8

Cao, H., Chai, T.-T., Wang, X., Morais-Braga, M. F. B., Yang, J.-H., Wong, F.-C,, ...
Coutinho, H. D. M. (2017). Phytochemicals from fern species: Potential for medicine
applications. Phytochem. Rev., 16(3), 379-440. https://doi.org/10.1007/s11101-
016-9488-7

Caruso, G., De Pascale, S., Cozzolino, E., Giordano, M., El-Nakhel, C., Cuciniello, A., ...
Rouphael, Y. (2019). Protein Hydrolysate or Plant Extract-based Biostimulants
Enhanced Yield and Quality Performances of Greenhouse Perennial Wall Rocket
Grown in Different Seasons. Plants (Basel), 8(7), 208. https://doi.org/10.3390/
plants8070208

Chai, T.-T., Ee, K.-Y., Kumar, D. T., Manan, F. A., & Wong, F.-C. (2020). Plant Bioactive
Peptides: Current Status and Prospects Towards Use on Human Health. Protein Pept
Lett, 28(6), 623-642. https://doi.org/10.2174/0929866527999201211195936

Chai, T.-T., Xiao, J., Mohana Dass, S., Teoh, J.-Y., Ee, K.-Y., Ng, W.-J., & Wong, F.-C.
(2021). Identification of antioxidant peptides derived from tropical jackfruit seed
and investigation of the stability profiles. Food Chem., 340, 127876. https://doi.org/
10.1016/j.foodchem.2020.127876

Chai, T. T., Yeoh, L., Ismail, N., Ong, H., Manan, F., & Wong, F. (2015). Evaluation of
Glucosidase Inhibitory and Cytotoxic Potential of Five Selected Edible and Medicinal
Ferns. Tropical J of Pharm Research, 14(3), 449-454. https://doi.org/10.4314/tjpr.
v14i3.13

Consentino, B. B., Virga, G., La Placa, G. G., Sabatino, L., Rouphael, Y., Ntatsi, G., ... De
Pasquale, C. (2020). Celery (Apium graveolens L.) Performances as Subjected to
Different Sources of Protein Hydrolysates. Plants, 9(12), 1633. https://doi.org/
10.3390/plants9121633

S.P. Dewang C.U. Devi Influence of soil-application of fish-protein hydrolysate liquid on
growth and yield of spinach (Spinacia oleracea L.) Journal of dairying, foods & home
sciences v. 40(no. 1) 2021 pp. 69-75-2021 https://doi.org/10.18805/ajdfr.DR-1544
vol 2040 no.2021.

Dhindsa, R. S., Plumb-Dhindsa, P., & Thorpe, T. A. (1981). Leaf Senescence: Correlated
with Increased Levels of Membrane Permeability and Lipid Peroxidation, and
Decreased Levels of Superoxide Dismutase and Catalase. J. Exp. Bot., 32(126),
93-101. https://doi.org/10.1093/jxb/32.1.93

A. Ertani S. Nardi O. Francioso S. Sanchez-Cortes M.D. Foggia M. Schiavon Effects of Two
Protein Hydrolysates Obtained From Chickpea (Cicer arietinum L.) and Spirulina
platensis on Zea mays (L.) Plants Frontiers in plant science 10 2019 954 954
10.3389/fpls.2019.00954.

Giines, A., Kordali, ., Turan, M., & Usanmaz Bozhiiyiik, A. (2019). Determination of
antioxidant enzyme activity and phenolic contents of some species of the Asteraceae
family from medicanal plants. Ind. Crops Prod., 137, 208-213. https://doi.org/
10.1016/j.indcrop.2019.05.042

Han, R.-M., Zhang, J.-P., & Skibsted, L. H. (2012). Reaction dynamics of flavonoids and
carotenoids as antioxidants. Molecules (Basel, Switzerland), 17(2), 2140-2160.
https://doi.org/10.3390/molecules17022140

Kratky, B. A. (2005). Growing Lettuce in Non-Aerated, Non-Circulated Hydroponic
Systems. Journal of Vegetable Science, 11(2), 35-42. https://doi.org/10.1300/
J484v11n02_04

Lichtenthaler, H., & Buschmann, C. (2001). Chlorophylls and Carotenoids: Measurement
and Characterization by UV-VIS Spectroscopy. Current Protocols in Food Analytical
Chemistry, 4(3), 1-8. https://doi.org/10.1002/0471142913.faf0403s01

Malar, S., Sahi, S. V., Favas, P. J., & Venkatachalam, P. (2015). Mercury heavy-metal-
induced physiochemical changes and genotoxic alterations in water hyacinths
[Eichhornia crassipes (Mart.)]. Environ Sci Pollut Res Int, 22(6), 4597-4608. https://
doi.org/10.1007/s11356-014-3576-2

Mourato, M. P., Martins, L. L., & Cuypers, A. (2009). Effect of Copper on Antioxidant
Enzyme Activities and Mineral Nutrition of White Lupin Plants Grown in Nutrient
Solution. J. Plant Nutr., 32(11), 1882-1900. https://doi.org/10.1080/
01904160903242375

Nurdiawati, A., Suherman, C., Maxiselly, Y., Akbar, M. A., Purwoko, B. A.,
Prawisudha, P., & Yoshikawa, K. (2019). Liquid feather protein hydrolysate as a
potential fertilizer to increase growth and yield of patchouli (Pogostemon cablin
Benth) and mung bean (Vigna radiata). International Journal of Recycling of Organic
Waste in Agriculture, 8(3), 221-232. https://doi.org/10.1007/540093-019-0245-Y

Quah, Y., Mohd Ismail, N. L., Ooi, J. L. S., Affendi, Y. A., Abd Manan, F., Wong, F.-C., &
Chai, T.-T. (2018). Identification of Novel Cytotoxic Peptide KENPVLSLVNGMF from
Marine Sponge Xestospongia testudinaria, with Characterization of Stability in
Human Serum. Int. J. Pept. Res. Ther., 24(1), 189-199. https://doi.org/10.1007/
510989-017-9604-6


https://doi.org/10.3390/agronomy11020317
https://doi.org/10.3390/agronomy11020317
https://doi.org/10.1016/0003-2697(71)90370-8
https://doi.org/10.1016/0003-2697(71)90370-8
https://doi.org/10.1007/s11101-016-9488-7
https://doi.org/10.1007/s11101-016-9488-7
https://doi.org/10.3390/plants8070208
https://doi.org/10.3390/plants8070208
https://doi.org/10.2174/0929866527999201211195936
https://doi.org/10.1016/j.foodchem.2020.127876
https://doi.org/10.1016/j.foodchem.2020.127876
https://doi.org/10.4314/tjpr.v14i3.13
https://doi.org/10.4314/tjpr.v14i3.13
https://doi.org/10.3390/plants9121633
https://doi.org/10.3390/plants9121633
https://doi.org/10.1093/jxb/32.1.93
https://doi.org/10.1016/j.indcrop.2019.05.042
https://doi.org/10.1016/j.indcrop.2019.05.042
https://doi.org/10.3390/molecules17022140
https://doi.org/10.1300/J484v11n02_04
https://doi.org/10.1300/J484v11n02_04
https://doi.org/10.1002/0471142913.faf0403s01
https://doi.org/10.1007/s11356-014-3576-2
https://doi.org/10.1007/s11356-014-3576-2
https://doi.org/10.1080/01904160903242375
https://doi.org/10.1080/01904160903242375
https://doi.org/10.1007/S40093-019-0245-Y
https://doi.org/10.1007/s10989-017-9604-6
https://doi.org/10.1007/s10989-017-9604-6

S. Mohana Dass et al.

Sharma, N., Acharya, S., Kumar, K., Singh, N., & Chaurasia, O. (2019). Hydroponics as an
advanced technique for vegetable production: An overview. J. Soil Water Conserv.,
17, 364-371. https://doi.org/10.5958/2455-7145.2018.00056.5

Teng, H., Chen, Y.i., Lin, X., Lv, Q., Chai, T.-T., Wong, F.-C., ... Xiao, J. (2019). Inhibitory
effect of the extract from Sonchus olearleu on the formation of carcinogenic
heterocyclic aromatic amines during the pork cooking. Food Chem. Toxicol., 129,
138-143. https://doi.org/10.1016/j.fct.2019.04.043

Treftz, C., & Omaye, S. T. (2016). Hydroponics: Potential for augmenting sustainable
food production in non-arable regions. Nutrition and Food Science, 46(5), 672-684.
https://doi.org/10.1108/NFS-10-2015-0118

Food Chemistry: X 12 (2021) 100132

Uddin, A. B. M. H., Khalid, R. S., Alaama, M., Abdualkader, A. M., Kasmuri, A., &
Abbas, S. A. (2016). Comparative study of three digestion methods for elemental
analysis in traditional medicine products using atomic absorption spectrometry.

J. Anal. Sci. Technol., 7(1), 6. https://doi.org/10.1186/s40543-016-0085-6

Wong, F. C., Chai, T. T., & Hoo, Y. (2012). Antioxidation and cytotoxic activities of
selected medicinal herbs used in Malaysia. Journal of Medicinal Plants Research, 6
(16), 3169-3175. https://doi.org/10.5897/JMPR11.1631

Wong, F. C., Tan, S.-T., & Chai, T.-T. (2016). Phytochemical-mediated Protein Expression
Profiling and the Potential Applications in Therapeutic Drug Target Identifications.
Crit. Rev. Food Sci. Nutr., 56(sup1), S162-S170. https://doi.org/10.1080/
10408398.2015.1045967


https://doi.org/10.5958/2455-7145.2018.00056.5
https://doi.org/10.1016/j.fct.2019.04.043
https://doi.org/10.1108/NFS-10-2015-0118
https://doi.org/10.1186/s40543-016-0085-6
https://doi.org/10.5897/JMPR11.1631
https://doi.org/10.1080/10408398.2015.1045967
https://doi.org/10.1080/10408398.2015.1045967

	Application of enzyme-digested soy protein hydrolysate on hydroponic-planted lettuce: Effects on phytochemical contents, bi ...
	Introduction
	Materials and methods
	Protein hydrolysate preparation
	Testing of prepared soy PH on hydroponic lettuce
	Determination of phytochemical contents
	Biochemical profiles and mineral contents of harvested lettuces
	Physical characteristics of harvested lettuces
	Data analysis

	Results and discussion
	Determination of phytochemical contents
	Biochemical profiles and mineral contents of harvested lettuces
	Physical characteristics of harvested lettuces

	Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


