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Figure 1 Morphological characteristics of cladode under salt
stress.

Young cladode cuttings were collected from plants and planted.
Starting from the fourth week after planting, salt stress was induced
by placing the pots on a plastic container filled with water
containing each salt until the water rose from the bottom slits to the
surface of the pot soil once every week. Samples subjected to salt
stress were prepared from five different plantlets as biological
replicates for measuring thickness and width. Root length was
measured at the end of each treatment period using seven to eight
plantlets. Data are shown as the mean of ratio compared to the
beginning of the treatment+ SD for thickness and width and
mean + SD for root length. Different letter indicates statistically
significant differences (p < 0.05).
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Figure 2 Rhizosphere microbial population.

Rhizosphere microbes of cladodes under salt stress were cultivated
by OGYE plate cultivation for fungi and PTYG plate cultivation for
bacteria including actinomycetes. Calculated colony-forming units
of fungi, actinomycetes, and bacteria were shown. Data are shown
as the mean +SD. Three plantlets were used for each treatment.
(*p<0.05)
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Figure 3 Functional categorization of proteins affected by salt stress.

(A) GO-based enrichment analysis of significantly changed. Results were screened using a p-value of 0.05 with false discovery rate (<0.01).
Categories were shown in terms of biological process, molecular function, cellular component. Different color indicates different functional

categories.

(B) Secondary metabolic pathways of salt-responsive proteins identified in each treatment. Differentially accumulated proteins were mapped
to known metabolic pathways using MapMan software. Color indicates decreased proteins with color tone.
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Figure 4 Antioxidant activity and ACE inhibitory activity of
cladode extract measured, using crude extract from each salt
treatment.

Young cladode cuttings were collected from plants and planted.
Different letter indicates statistically significant differences
(p <0.05).
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Figure 5 Morphological change of SHSY-5Y cells cultured
in medium containing cladode extract (100 mg/mL) from
each salt treatment.
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Summary

Opuntia spp., which is grown as vegetable crops in America, Africa, and the Mediterranean region, has become
an important alternative crop in the context of climate change, due to its high water-use efficiency and heat/drought
tolerance. It is also promising as a high value-added novel crop because of its health-promoting effects such as
suppression of blood glucose elevation and insulin level regulation. In this study, the effect of salinity stress
treatment on plant physiological response and health-promoting effects as food was evaluated. Growth of Nopalea
cochenillifera cladodes was affected differently under four salt treatments for 12 weeks, with NaCl (500 mM)
treatment in particular having a significant negative effect. The stress response of the cladodes, the rhizosphere
microbial population, and the effects of cladode extracts on cultured animal cells were analyzed, and the results of
proteome analysis showed that the abundance of Isoflavone reductase homolog P3 was altered in the cladodes.
Changes in secondary metabolism for plant defense against the stress might affect their functionality as food. The
DPPH radical scavenging capacity of the extract was measured as antioxidant capacity was expected to increase, but
enhancement was not observed by the treatments; the ACE activity inhibitory capacity of the extract from all salt
treatment conditions was higher compared to control extract derived from condition without stress. It was
suggested that the abundance of proteins that can bind to ACE was increased by the treatments. In assays using
cultured cells, cladode extract had no effect on the survival of SH-SY5Y neuroblastoma cells, but altered cell
morphology. This morphological change varied among the treatments under which cladodes were grown,
indicating that health-promoting effects of N. cochenillifera cladodes can be enhanced by controlling the cultivation

conditions optimally.



