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Abstract
Potato is an economically important non-grain, semi-perishable agricultural com-
modity. However, potato tubers become highly prone to moisture loss and quality 
deterioration after harvest, contributing to post-harvest losses. The present study, 
therefore, investigated the efficacy of various plant extracts on the retention of post-
harvest quality of potato tubers. Freshly harvested ‘Sifra’ potato tubers were dipped 
into plant extracts (10  g/L level) and allowed to air-dry for 1  h on the benchtops 
before storage at ambient conditions (day: 22 ± 2 ℃ and 45 ± 5% RH). The treat-
ments were as follows: Ascophyllum nodosum extract (ANE), aloe vera leaf extract 
(AVE), garlic bulb extract (GBE) and moringa leaf extract (MLE), as well as the 
control (water only). Plant extract applications, as post-harvest treatments, signifi-
cantly (p ≤ 0.05) influenced post-harvest quality of potato tubers. During storage, 
AVE application reduced physiological mass loss during storage by 60% compared 
with the control. Moreover, ANE and MLE treatment application considerably 
increased potato mineral concentrations and the presence of total soluble solids. 
These treatments also gave the most promising results as they showed the highest 
retention potential of tuber vitamin C, total carbohydrate, protein, phenolic and fla-
vonoid concentrations, as well as antioxidant activity during storage. Based on these 
results, the use of natural plant extract, as an alternative to current chemical appli-
cations, is highly advisable and recommended to preserve post-harvest quality of 
potato tubers, without compromising consumers’ health.
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Introduction

The world’s population is increasing exponentially and expected to reach 9.7 
billion people by 2050 (Searchinger et  al. 2013). Consequently, the global food 
demand is also projected to increase by 35–56% between years 2010 and 2050 
(Van Dijk et  al. 2021). To achieve sustainable development goals 1 and 2, no 
poverty and zero hunger respectively, potato (Solanum tuberosum L.), has a high 
potential to counteract this rising worldwide food demand (Devaux et al. 2014), 
as it is a versatile staple food crop, consumed in many parts of the world (Birch 
et  al. 2012; Hussain 2016). In terms of human consumption, potato is ranked 
the fourth-most economically important food crop, after rice (Oryza sativa L.), 
wheat (Triticum aestivum L.) and maize (Zea mays L.) (Zhang et al. 2017), with 
an annual global production exceeding 376 million tons (FAO 2022). Apart from 
being an excellent source of carbohydrates, Mahmud et al. (2015) noted that pota-
toes contain significant amounts of vitamins, minerals, crude protein, crude fats 
and fibre. In addition, Lovat et  al. (2016) found a variety of antioxidant com-
pounds present in potatoes, such as vitamin C, flavonoids, carotenoids and poly-
phenols; all these phytochemicals exhibit antioxidant properties, hence, are vital 
to human health.

Unlike cereal crops, potatoes are semi-perishable; hence, they become highly 
susceptible to moisture loss immediately after harvest, resulting in structural, 
nutritional and biochemical changes (Chen et  al. 2024). These post-harvest 
changes are induced predominantly by the biological processes of sprouting, 
greening, respiration and transpiration, all contributing to post-harvest disease 
occurrences such as Phytophthora infestans, Phytophthora erythroseptica and 
Pectobacterium carotovorum, thus, causing significant post-harvest losses (Paul 
et  al. 2016; Sinha et  al. 2018). Worldwide, post-harvest losses are amongst the 
most-devastating challenges to the potato industry, accounting for 20–25% of 
annual produce losses. In developing countries, potato post-harvest losses range 
from 15 to 50% (FAO 2022). There is, however, very limited information avail-
able on post-harvest losses of potatoes in South Africa (Beretta et al. 2013).

Several strategies have been tested and found effective in reducing post-harvest 
losses of potatoes. Use of certain synthetic chemicals, such as sprout suppressants 
(e.g., chlorpropham and maleic hydrazide), fungicides or bactericides (e.g., Man-
cozeb®, Ridomil Gold® MZ and Metalaxyl®, chlorothalonil, copper oxychloride 
and copper sulfate), is amongst the most effective strategy employed to reduce 
potato post-harvest losses (Daniels-Lake 2013; Majeed et al. 2017). Despite their 
efficacy, a reduction in their application is required due to the possible detrimen-
tal effects they pose to human health and the surrounding environment. Given 
these adversities, new, innovative and eco-friendly alternative approaches that 
could be employed to reduce post-harvest losses without jeopardising consumers’ 
health and the environment need to be explored.

The use of natural products, especially of plant-derived extracts, is emerging as 
a new technology to maintain potato quality, as these products have gained atten-
tion as alternative treatments due to their potential in improving food safety and 
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appearance by protecting produce from external factors; thus, they can improve 
post-harvest quality (Ogbuehi et al. 2016). These compounds have been tested by 
various authors using many horticultural commodities, including ‘Tommy Atkins’ 
mango (Mangifera indica L.) (Melo et al. 2018a, b; Shrestha et al. 2018), guava 
(Psidium guajava) (Malik et  al. 2015), and blueberry (Vaccinium corymbosum) 
(Jaime-Guerrero et  al. 2022). Interestingly, natural extract application has also 
been tested on vegetables, such as eggplant (Solanum melongena L.) (Ogbuehi 
et al. 2016), kale (Brassica oleracea var. sabellica L.) (Melo et al. 2018a, b), and 
tomatoes (Solanum lycopersicum L.) (Tunwari et al. 2019). Little information is 
available on the natural extract application on potatoes post-harvest; therefore, 
the current study aimed to evaluate the efficacy of pre- and post-harvest plant 
extract applications on post-harvest quality of potatoes.

Materials and Methods

Site, Plant Material, and Growing Conditions

The study was conducted in the post-harvest laboratory of the University of Kwa-
Zulu-Natal, Pietermaritzburg Campus, South Africa (− 29°62′57.3″ S 30°40′45.3″ 
E). ‘Sifra’ potato tubers used in this experiment were harvested from plants grown 
in a glasshouse at the Controlled Environment Facility (CEF). Those potato plants, 
where tubers were harvested, were treated pre-harvest using various plant extracts, 
viz. aloe vera (Aloe barbadensis) leaf extract (AVE), Ascophyllum nodosum extract 
(ANE), garlic (Allium sativum) bulb extract (GBE) and moringa (Moringa oleifera) 
leaf extract (MLE), as well as the control (untreated). At pre-harvest, these treat-
ments were applied bi-weekly starting from 4  weeks after emergence until tuber 
harvesting. After harvest, same extracts were used as post-harvest treatments in the 
post-harvest experiment. The environmental conditions in the laboratory were main-
tained at ambient temperature (22 ± 2 ℃) and relative humidity (45 ± 5%) through-
out the storage period.

Collection of Plant Material and Extract Preparation

To prepare the plant extracts, various plant materials were purchased from differ-
ent suppliers. Brown algae powder was bought from a local market  (Dis-Chem, 
Woodburn Mall, Pietermaritzburg, South Africa), while fresh Egyptian white 
garlic bulbs were obtained from a local supermarket. Fresh moringa leaf powder 
(MLP) was supplied by a commercial supplier (runKZN, Pietermaritzburg, South 
Africa), whereas healthy aloe vera plants were purchased locally from Woodland 
Nursery (Pietermaritzburg, South Africa). The plant extracts were prepared fol-
lowing the method described by Ngcobo and Bertling (2021) (ANE and MLE), 
Noor et al. (2008) (AVE) and Ting-Ting et al. (2012) (GBE), with slight modifi-
cations. Exactly 10 g of each plant material was weighed and homogenised in a 
glass beaker with 450 mL distilled water. The homogenates were then placed on 
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a hot plate, continuously agitated with a magnetic stirrer and boiled for 30 min at 
100 °C. After boiling, the solutions were left to cool down for 2 h; then the super-
natants were collected by filtering three times through muslin cloth. The filtrate 
was then diluted with distilled water to a final volume of 1 L.

Experimental Design

A completely randomised design (CRD) with two factors: treatments and storage 
period, was used in  this experiment, with treatments as the first factor and stor-
age period as the second. The treatments applied were AVE, ANE, GBE, MLE 
and a control, each replicated five times. The storage period was divided into five 
different levels: 0, 7, 14, 21 and 28 days. In this experiment, ‘Sifra’ potato tubers 
were selected and assigned randomly to each storage period level. Immediately 
after harvest (day 0), tubers were immersed in the respective treatments for 30 s, 
then placed on the laboratory bench and allowed to air-dry before storage under 
ambient conditions (25 ± 2 ℃ and 45% RH). Data on mass loss percentage were 
collected before immersion and recorded weekly until day 28, the last day of the 
storage period. In addition to mass loss percentage, nutritional quality parame-
ters, including total carbohydrate, total protein, vitamin C, total phenolic, total 
flavonoid concentration and total antioxidant activity, were measured at each stor-
age interval. Before these measurements, the periderm of tubers was peeled off 
and the samples were freeze-dried using a VirTis Benchtop Pro freeze dryer (Vir-
Tis BTP-9EGE0X, New York, USA).

Determination of Nutritional Quality Parameters

Mass Loss (%)

Tuber mass was recorded immediately after harvest (initial mass, Mi), then weekly 
until day 28 of storage using a fine analytical balance (AS220.R2. PLUS, Rawdwag 
Wagi Elextroniczne, Poland). Mass loss (%) was determined using the following 
equation:

where Mi is the initial tuber mass and Mf is the tuber mass on day 28 of storage.

Determination of Total Soluble Solids (TSS)

Total soluble solid percentage (TSS) was determined using a refractometer 
(RFM340 +, Bellingham + Stanley Ltd, Tunbridge Wells, UK) and expressed in 
°Brix, where 1°Brix = 1 g sucrose/100 g extract solution.

(1)ML(%) =
Mi −Mf

Mi
× 100
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Determination of Total Carbohydrate Concentration

The total carbohydrate concentration was determined using a slightly modified ver-
sion of the traditional phenol–sulfuric acid method (DuBois et  al. 1956). Freeze-
dried potato flour (0.5 g) was weighed and transferred into test tubes, followed by 
addition of 80% ethanol. The solutions were then vortexed and incubated in a water 
bath at 85 °C for 15 min. After incubation, the samples were placed on ice for 5 min 
before 10  mL filtrate was obtained using Whatman filter paper No. 1. An aliquot 
(1  mL) of the clear filtrate was mixed with 1  mL distilled water and transferred 
into thoroughly rinsed test tubes. Subsequently, 1 mL 5% phenol solution (Sigma-
Aldrich, Burlington, MA, USA) and 2.5  mL 75% H2SO4 were added for colour 
development. The samples were incubated at 85 °C for 10 min and then cooled on 
ice. The absorbance was measured at 490  nm on a UV-1800 spectrophotometer 
(Shimadzu, Kyoto, Japan). The carbohydrate concentration of each sample was cal-
culated using a standard curve prepared with a glucose solution (20 mg/mL) and the 
resulting equation (y = 0.0974x − 0.0467; R2 = 0.9917). The results were expressed in 
mg glucose equivalent per g dry mass (DM).

Determination of Total Protein Concentration

The protein concentration was determined using the procedure developed by Brad-
ford (1976). Freeze-dried, ground potato material (0.5  g) was weighed using a 
Ohaus Scout® portable analytical balance (SPX2022, Parsippany, NJ, USA) and 
transferred into centrifuge tubes. Then, 30 mL 100 mM TRIS buffer (pH 8.0) was 
added and the mixture was vortexed. The samples were subsequently centrifuged 
using an Avanti J-26S XP centrifuge (Beckman Coulter, Brea, CA, USA) at 12,096 
G for 15 min at 5 ℃. After centrifugation, 0.1 mL of the supernatant was transferred 
to test tubes, followed by the addition of 5 mL Bradford reagent. The absorbance 
of each sample was measured spectrophotometrically using a UV-1800 spectropho-
tometer (Shimadzu, Kyoto, Japan) at 590 nm. Protein concentration was calculated 
from a standard curve prepared using bovine serum albumin (BSA) (Sigma-Aldrich, 
Burlington, MA, USA) with the equation (y = 0.0056x + 0.1201; R2 = 0.9842) and 
expressed in mg BSA per g DM.

Determination of Tuber Vitamin C Concentration

Vitamin C was quantitatively determined using the 2,6-dichlorophenolindophenol 
(DCPIP) method developed by Boonkasem et al. (2015), with slight modifications. 
Freeze-dried potato powder (0.05  g) was weighed using Ohaus Scout® portable 
analytical balance (SPX2022, Parsippany, NJ, USA) and transferred into centri-
fuge tubes. Then, 20 mL of 3% metaphosphoric acid was added to each tube and 
the samples were centrifuged at 12,098 G for 10 min. The supernatant was collected 
and 1 mL of the supernatant was mixed with 3 mL of 0.2 mM DCPIP and agitated 
for 15  s. The absorbance of the samples was measured using a UV-1800 spectro-
photometer (Shimadzu, Kyoto, Japan) at 515 nm. The vitamin C concentration was 
calculated using the equation y =  − 0.0368x + 0.8879 (R2 = 0.9942). Results were 
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expressed in mg vitamin C equivalent (AAE) per 100 g dry mass (mg AAE/100 g 
DM).

Determination of Total Phenolic Concentration (TPC)

The total phenolic concentration of potato tubers was determined using a slightly 
modified Folin-Ciocalteu assay, as described by Wang et  al. (2009). Freeze-dried 
potato flour (0.5 g) was weighed using Ohaus Scout® portable analytical balance 
(SPX2022, Parsippany, NJ, USA) and transferred into centrifuge tubes. After adding 
25 mL of 80% acetone and vortexing, the samples were centrifuged at 12,298 G for 
30 min at 5 °C. Then, 1 mL of the supernatant was mixed with 2.5 mL 0.2 N Folin-
Ciocalteu reagent and left to stand for 5 min. Thereafter, 4 mL Na2CO3 was added, 
followed by incubation at 80 °C for 30 min. After incubation, the tubes were cooled 
on ice for 5 min and the absorbance was measured using a UV-1800 spectropho-
tometer (Shimadzu, Kyoto, Japan) at 736 nm. The total phenolic concentration was 
calculated using a gallic acid standard curve (y = 0.0229x + 0.1907; R2 = 0.9886) and 
expressed as mg gallic acid equivalent (GAE) per g sample mass (mg GAE/g DM).

Determination of Total Flavonoid Concentration (TFC)

The total flavonoid concentration (TFC) was quantitatively determined using the 
aluminium chloride (AlCl3) assay described by Gu et al. (2019), with slight modifi-
cations. Freeze-dried potato flour (0.5 g) was weighed using Ohaus Scout® portable 
analytical balance (SPX2022, Parsippany, NJ, USA) and transferred into centrifuge 
tubes. To extract flavonoids, 10 mL of 95% ethanol was added as the extraction sol-
vent and the samples were mixed using a vortex (Vortex-Genie 2, New York, NY, 
USA). The tubes were then incubated at 25  °C for 30  min before being filtered 
through Whatman No. 1 filter paper to remove residues and obtain clear superna-
tants. After filtration, 100 µL of the supernatant and 100 µL AlCl3 were simultane-
ously added to test tubes. Before further incubation at 25  °C for 30  min, 200 µL 
sodium acetate solution was added to the mixture. The absorbance of the prepared 
samples was measured using a UV-1800 spectrophotometer (Shimadzu, Kyoto, 
Japan) at 440 nm. A quercetin standard curve (y = 0.027x + 0.102; R2 = 0.989) was 
used to determine TFC, expressed as quercetin equivalents (QE) per gram dry mass 
(mg QE/g DM).

Determination of Antioxidant Activity [DPPH (2, 2‑Diphenyl‑1‑Picrylhydrazyl)]

The free radical scavenging ability was using the 2,2-diphenyl-1-picrylhydrazyl 
antioxidant (DPPH) assay described by Rocchetti et al. (2019), with slight modifi-
cations. Freeze-dried potato flour (0.5  g) was weighed using Ohaus Scout® port-
able analytical balance (SPX2022, Parsippany, NJ, USA) and transferred into test 
tubes. Then, 10  mL of 95% ethanol was added and the samples were vortexed. 
The test tubes were incubated at 25 °C for 10 min before the supernatant was fil-
tered through Whatman No. 1 filter paper to remove sample residues. After obtain-
ing clear supernatant, 100 µL sample and 300 mL 0.1 mM DPPH (0.1 mM in 95% 
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methanol) reagent were added to the test tubes, which were then incubated in the 
dark for 30 min. The absorbance was measured using a UV-1800 spectrophotometer 
(Shimadzu, Kyoto, Japan) at 517 nm. The DPPH scavenging ability was calculated 
using a linear equation (y =  − 0.0368x + 0.8879; R2 = 0.994) and was expressed as 
vitamin C equivalent per gram sample dry mass (mg AAE/g DM).

Statistical Analysis

GenStat statistical software (GenStat®,  21 st edition, VSN International, UK) was 
used for the analysis of variance (ANOVA) to determine significant differences. 
Duncan’s multiple range test at a 5% level of significance (p ≤ 0.05) was applied for 
mean separation and comparison.

Results

Mass Loss (%)

Mass loss of potato tubers increased with storage duration, as expected; however, all 
post-harvest treatments significantly reduced (p ≤ 0.05) mass loss more so than the 
control (Figure 1). The mass lost over the 28-day storage by the AVE treatment was 
significantly less than that of other treatments; hence, AVE recorded the lowest mass 
loss percentage (17.84%), followed by ANE and MLE, which recorded 20.71 and 
23.11% mass loss, respectively (Figure 1).

Fig. 1   Influence of pre- plus post-harvest treatments on the rate of mass loss of potatoes during stor-
age. Control (no application), ANE (Ascophyllum nodosum extract), MLE (moringa leaf extract), GBE 
(garlic bulb extract) and AVE (aloe vera leaf extract). LSD at (p ≤ 0.05) = 2.86. Points indicate means 
(n = 5) ± standard error
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Total Soluble Solids (TSS)

Analysis of variance of the total soluble solids (TSS) indicated significant differ-
ences (p ≤ 0.05) between treatments (Figure  2). As expected, the TSS of tubers 
increased with storage duration; hence, after 28 days of storage, TSS values of 
treated potato tubers were significantly higher than the control (Figure 2). Specifi-
cally, ANE and MLE applications increased TSS significantly, yielding the highest 
TSS values (5.58 & 5.38 °Brix, respectively) on day 28 of storage compared with 
other treatments.

Total Carbohydrate Concentration

Significant differences (p ≤ 0.05) between treatments were observed over the stor-
age period. The total carbohydrate concentration decreased with storage duration for 
all treatments (Figure 3). While total carbohydrates decreased, pre- and post-harvest 
application of all plant extracts sustained carbohydrates at a higher concentration 
than the control (Figure  3). On day 28 of storage, MLE and ANE recorded 6.27 
and 5.45 mg/g DM, respectively; hence, these two treatments were not significantly 
different, although MLE had a tendency to outperform ANE. These two treatments 

Fig. 2   Effect of pre- plus post-harvest treatments on the total soluble solids (TSS) of potatoes stored for 
28 days. ANE (Ascophyllum nodosum extract), AVE (aloe vera leaf extract), GBE (garlic bulb extract), 
MLE (moringa leaf extract) and Control (no application). According to Duncan’s multiple range test 
(p ≤ 0.05), bars followed by different lowercase letters indicate significant differences between treat-
ments. LSD (p ≤0.05) (Harvest) = 0.56 and (After 28 days) = 0.29. Bars indicate means (n = 5) ± standard 
error
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resulted in a significantly higher carbohydrate concentration compared to all other 
treatments.

Total Protein Concentration

The pre- and post-harvest treatments of potato tubers significantly maintained (p ≤ 
0.05) protein concentrations at levels higher than the control over the storage period. 
Total protein decreased with storage in all treatments, as expected; however, ANE-
treated potatoes maintained the highest total protein concentration over the entire 
storage period. On day 28 of storage, this treatment recorded the highest protein 
concentration (77.4 mg/g DM), followed by MLE with about half of that protein 
(38.2 mg/g DM) (Figure 4).

Vitamin C

Significant differences (p ≤ 0.05) in vitamin C equivalents (AAE) were observed 
between potatoes treated pre- and post-harvest with the various plant extracts. The 
vitamin C concentration decreased with the storage period, particularly up to day 
21 of storage (Figure 5). ‘Sifra’ potato tubers treated with plant extracts showed a 
considerable decrease in vitamin C concentration lower than a control. On day 28 of 
storage, MLE treatment had a pronounced effect in vitamin C concentration, unlike 
other treatments, maintained levels higher than other treatments, recording 8.19 mg 

Fig. 3   Influence of pre- plus post-harvest treatments on total carbohydrate concentration of potatoes 
stored for 28 days. ANE (Ascophyllum nodosum extract), AVE (aloe vera leaf extract), GBE (garlic bulb 
extract), MLE (moringa leaf extract) and Control (no application). LSD at (p ≤ 0.05) = 1.52. Bars indicate 
means (n = 5) ± standard error
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Fig. 4   Influence of pre- plus post-harvest treatments on total protein concentration of potatoes during 
storage. ANE (Ascophyllum nodosum extract), AVE (aloe vera leaf extract), GBE (garlic bulb extract), 
MLE (moringa leaf extract) and Control (no application). LSD at (p ≤ 0.05) = 20.65. Bars indicate means 
(n = 5) ± standard error

Fig. 5   Influence of pre- plus post-harvest treatments on vitamin C concentration of potatoes during 
storage. ANE (Ascophyllum nodosum extract), AVE (aloe vera leaf extract), GBE (garlic bulb extract), 
MLE (moringa leaf extract) and Control (no application). LSD at (p ≤ 0.05) = 20.65. Bars indicate means 
(n = 5) ± standard error
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AAE/g DM, with the second-highest concentration being ANE-treated tubers with 
6.9 mg AAE/g DM.

Total Phenolic Concentration (TPC)

The total phenolic concentration (TPC) of potato tubers increased from harvest to 
day 7 of storage, then decreased gradually during further storage (Figure  6). The 
pre- and post-harvest treatment of potato tubers using all extracts positively affected 
total phenolic concentrations, maintaining TPC higher than the control until day 21 
of storage. On day 28 of storage, the highest TPC was recorded in potato tubers 
treated with ANE (29.8 mg GAE/g DM), followed by MLE (22.47 mg GAE/g DM). 
The control recorded the lowest TPC (15.62 mg GAE/g DM).

Total Flavonoid Concentration (TFC)

Post-harvest treatment of potato tubers using all treatments significantly influenced 
(p ≤ 0.05) TFC during the storage period. An increase in TFC was only observed 
from days 0 to 7, then decreased gradually with further storage (Figure 7). On day 
28 of storage, ANE-treated tubers recorded the highest TFC (17.78 mg QE/g DM) 
compared with other treatments and the control. The second highest flavonoid con-
centration was found in MLE-treated tubers, which recorded 16.50 mg QE/g DM 
(Figure 7).

Fig. 6   Influence of pre- plus post-harvest treatments on total phenolic concentration of potatoes during 
storage. ANE (Ascophyllum nodosum extract), AVE (aloe vera leaf extract), GBE (garlic bulb extract), 
MLE (moringa leaf extract) and Control (no application). LSD at (p ≤ 0.05) = 3.51. Bars indicate means 
(n = 5) ± standard error
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Total Antioxidant Activity

Analysis of variance of the total antioxidant activity indicated a significant differ-
ence (p ≤ 0.05) between the treatments (Figure 8). The total antioxidant activity of 

Fig. 7   Influence of pre- plus post-harvest treatments on total flavonoid concentration of potatoes during 
storage. ANE (Ascophyllum nodosum extract), ACE (aloe vera leaf extract), GBE (garlic bulb extract), 
MLE (moringa leaf extract) and Control (no application). LSD at (p ≤ 0.05) = 1.87. Bars indicate means 
(n = 5) ± standard error

Fig. 8   Influence of pre- plus post-harvest treatments on total antioxidant activity of potatoes during 
storage. ANE (Ascophyllum nodosum extract), AVE (aloe vera leaf extract), GBE (garlic bulb extract), 
MLE (moringa leaf extract) and Control (no application). LSD at (p ≤ 0.05) = 3.78. Bars indicate means 
(n = 5) ± standard error
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potato tubers increased from days 0 to 7 of storage, then decreased gradually with 
further storage period. On day 28 of storage, the total antioxidant activity of all 
treated potato tubers was considerably higher than the control (Figure 8). ANE treat-
ment yielded the highest antioxidant activity, thus, recorded (71.59 mg AAE/g DM), 
followed by MLE (67.47 mg AAE/g DM) and AVE (64.78 mg AAE/g DM) at day 
28 of storage.

Discussion

Due to the perishable nature of fruit and vegetables, protection and quality preserva-
tion of such food commodities have become vital components in achieving sustain-
able development goals 1 and 2, thereby achieving global food security (Ogunnu-
pebi et al. 2020). Plant extract application, as pre- and post-harvest treatments, has 
received large attention due to their positive effect on reduced post-harvest spoil-
age, extended shelf-life and preserved post-harvest quality, without posing nega-
tive effects on consumers’ health and the ecosystem (Ogbuehi et  al. 2016). Plant 
extracts have an immense potential to interfere with physiological processes that are 
part of post-harvest quality deterioration without causing adverse effects (Zulfiqar 
et al. 2020). The present study, therefore, intended to evaluate the effects of various 
plant extracts on preserving the post-harvest quality of ‘Sifra’ potato tubers. The 
pre- and post-harvest application of natural plant extracts prepared from aloe vera 
leaves (AVE), Ascophyllum nodosum algae (ANE), moringa leaves (MLE) and gar-
lic bulbs (GBE) had a positive influence on post-harvest quality of potato (Figs. 1, 2, 
3, 4, 5, 6, 7 and 8).

Mass loss causes deterioration of structural and visual quality characteristics; 
thus, rendering tubers unmarketable, resulting in significant economic losses. In the 
present study, it was observed that mass loss increased with a longer storage period; 
however, dipping tubers into various plant extracts considerably reduced this mass 
loss over time (Fig. 1). These findings correspond with Liamngee et al. (2019), who 
found that dipping ‘Roma’ tomato fruit into MLE solutions of different concentra-
tions substantially decreased mass loss during storage. Similarly, Fan et al. (2014) 
reported that an ANE concentration of 1.0  g/L significantly reduced the percent-
age mass loss of ‘Unipack 12’ spinach during a 35-day storage period. Abidi et al. 
(2023) also demonstrated a positive effect of olive leaf extract (5%), reducing mass 
loss of ‘Blanvio 10’ and ‘Plagold 15’ peaches (Prunus persica) during storage; these 
results are in line with the present study. Reduction in mass loss could be explained 
by plant extracts forming a layer around the tuber surface that is difficult to perme-
ate (coating); hence, this treatment reduced the respiration rate by inhibiting gase-
ous exchange (Mahajan et al. 2018). Such a coating ultimately resulted in reduced 
moisture loss, thereby suppressing sprout development (Sogvar et al. 2016). In addi-
tion, plant extracts contain a wide range of compounds, such as vitamin C, phenolics 
and flavonoids, which exhibit antimicrobial and antioxidant properties (Tesfay et al. 
2016). Application of such extracts, therefore, inhibits microbial or pathological 
attacks, thereby reducing tuber decay.
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Generally, total soluble solids (TSS) are chemical components used to predict 
fruit maturity and shelf-life (Reboredo-Rodriguez et al. 2014); hence, this param-
eter helps to determine whether the nutritional status of the produce is accept-
able, thereby alluding to its economic value. The present study reveals that potato 
tuber TSS increases with an increase in the storage period, although application 
of various plant extracts as post-harvest treatments, especially ANE and MLE, 
had a profound effect on maintaining tuber TSS levels during storage (Fig.  2). 
These findings are similar to Shrestha et  al. (2018), who observed a significant 
increase in TSS levels of ‘Calcuttia Maldah’ mango fruit during storage, fol-
lowing the application of various plant extracts. An increase in TSS in fruit tis-
sues over time could be attributed to the accumulation of sugars caused by the 
breaking down of complex starch molecules into simple sugars, such as glucose, 
fructose and sucrose (Brishti et  al. 2013). Azene et  al. (2014) reported that, as 
the fruit approaches senescence, stored carbohydrates are converted into simple 
soluble sugars, thereby increasing TSS; a similar trend was seen in our study 
(Fig. 3). The increase in TSS level could also be explained by the fact that ANE 
and MLE are polysaccharide-rich natural products (Abdalla 2014; Chater et  al. 
2016). Application of such extracts, therefore, could have increased the activity 
of certain enzymes, including sucrose synthase, invertase and amylase, resulting 
in the hydrolysing of starch molecules and converting them into simple, soluble 
sugar molecules (Kumar et al. 2009), thereby increasing tuber TSS.

Carbohydrates are the most abundant and widely distributed primary metabo-
lites in horticultural commodities, especially in root vegetables and tubers, which 
comprise 15–25% carbohydrates (Yahia and Carillo-Lopez 2018). In most agri-
cultural crops, carbohydrates contribute significantly to texture, colour, flavour 
and nutritive value (Yu et  al. 2021). Carbohydrates also fuel and regulate the 
accumulation of specialised ‘sensory’ compounds that are crucial post-harvest 
quality of agricultural commodities (Trouvelot et al. 2014). In the present study, 
it was observed that carbohydrates decrease with an extended storage period 
(Fig.  5). Although carbohydrates overall declined, treatment application, espe-
cially MLE, had a pronounced effect, maintaining carbohydrates of tubers during 
storage at levels higher than the control (Fig.  3). These findings coincide with 
Idah and Aderibigbe (2007), who noted a significant decline in carbohydrate con-
centration in dried tomatoes as the storage period continues. Idah et  al. (2010) 
also demonstrated a considerable decrease in carbohydrate concentration as the 
storage period of tomato and orange (Citrus sinensis) was extended, similar to the 
results found in the present study. Similarly, Famuyin et al. (2020) demonstrated 
a significant decrease in carbohydrate concentration in cherry tomatoes (Solanum 
lycopersicum var. cerasiforme) during 18-day refrigerated storage. These carbo-
hydrates decline during storage could be due to the breaking down of complex, 
insoluble starch molecules into simple, soluble sugar, ultimately increasing TSS 
(Fig. 2). The decrease in carbohydrate concentration could also be due to plant 
extract applications, which might have increased sucrose synthase, invertase and 
amylase activity; hence, resulting in the hydrolysis and faster conversion of com-
plex starch molecules into simple sugars (Kumar et al. 2009), thereby decreasing 
tuber carbohydrates. Additionally, a decrease in carbohydrate concentration could 
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be closely linked to oxidation processes due to the available O2 triggering the 
conversion of starch into simple sugars (Azene et al. 2014).

Generally, proteins are essential in plants and play important roles in many bio-
logical processes, such as fruit development, ripening and senescence (Pedreschi 
2017). Most importantly, proteins play a pivotal role as enzymes (Rasheed et  al. 
2020) and take part in various metabolic pathways, producing compounds that 
induce resistance of fruit and vegetables to abiotic and biotic stimuli (Pedreschi 
2017). Although potatoes are rich in protein, changes occurring in the protein con-
centration of potato tubers during storage have not been studied extensively. The pre-
sent study demonstrates that the protein concentration decreases with an increase in 
the storage period (Fig. 4). This has been previously described by Idah et al. (2010), 
who observed a significant decrease in protein concentration with an increase in the 
storage period of tomato and orange fruit. Similarly, Lee and Cho (2012) reported a 
decline in protein concentration of black soybean (Glycine max) stored at room tem-
perature. The application of various plant extracts, especially ANE, had, however, a 
preservative effect on protein concentrations during storage (Fig. 4). The decline in 
protein during storage could be due to Maillard reactions, which occur between free 
amino groups of protein and carbonyl groups of reducing sugars, forming complex 
intermediate compounds by interacting with each other during storage (Rehman 
2006). These complex intermediate compounds, therefore, might have inhibited pro-
teolytic and amylolytic enzyme activities, causing a distinct decrease in protein lev-
els (Lee and Cho 2012). In addition, proteins also play a crucial role in secondary 
metabolite production, especially of solanine, a glycoalkaloid compound that could 
induce protection of tubers against post-harvest stress (Barceloux 2009). This sola-
nine production could have caused the total tuber protein concentration to decrease 
with storage. This phenomenon suggests that potato proteins might have been bro-
ken down into simple peptides and amino acids during storage (Shewry et al. 1995). 
The protein concentration-preservative effect of ANE could be due to the amount 
of protein this plant extract contains (Nayak et al. 2020). Potatoes are an excellent 
source of protein compared to other staple food crops; thus, reducing the decline in 
protein content is highly beneficial in sustaining its nutritional status.

In recent years, the consumption of plant-based foods, particularly fruit and veg-
etables, has gained immense attention due to their potential positive role in human 
health (Külen et  al. 2013). Intake of plant foods with high concentrations of the 
analysed phytochemicals has been associated with the reduced risk of chronic dis-
ease, including cancer, diabetes and atherosclerosis (Gundgaard et  al. 2003), as 
these foods contain significant amounts of phytochemicals, possessing antioxidant 
properties (Krinsky 2001). Vitamin C is synthesised via the Smirnoff-Wheeler path-
way, converting sugars into galactose and L-galactolactone and, finally, vitamin C 
(Smirnoff and Wheeler 2024). In addition, phenolic compounds and flavonoids are 
major antioxidant compounds present in potato tubers, exhibiting antioxidant activ-
ity (Campos et al. 2006). Independent of treatment application, vitamin C decreased 
greatly with an increasing storage duration (Fig. 5), as also observed by Abidi et al. 
(2023), who noted a remarkable decline in vitamin C during peach storage. On the 
contrary, Galani et  al. (2017) demonstrated a significant increase in vitamin C in 
potato tubers stored at room temperature (25–32 ℃). Shrestha et  al. (2018) also 
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reported that vitamin C concentrations initially increase, then decline during stor-
age. This loss of vitamin C might be attributed to the rapid conversion of L-ascor-
bic acid into dehydro-ascorbic acid with the aid of ascorbic acid oxidase (ascorbi-
nase) (Shrestha et al. 2018). Moringa leaf extract (MLE) treatment had the highest 
ascorbic acid retention among all treatments throughout the storage period. This 
phenomenon might be ascribable to the fact that MLE contains vitamin C (Abdalla 
2014). The pre-harvest foliar application of MLE, therefore, improved the transpor-
tation of vitamin C from the source to the sink (tubers), which ultimately resulted in 
enhanced vitamin C concentration even at post-harvest storage. This higher vitamin 
C concentration in MLE-treated tubers could also be due to the MLE application, 
which created a semi-permeable barrier on the tuber surface, thus, retarding the flow 
of oxygen into the tuber, in turn lowering the respiration rate (Singh 2000).

Total phenolic and flavonoid concentrations, as well as antioxidant activity, 
initially increased postharvest, then decreased (Figs.  6, 7 and 8). Loss of antioxi-
dant compounds, especially phenolics and flavonoids, during the storage might be 
ascribed to their oxidative breakdown (Mditshwa et al. 2017). Galani et al. (2017) 
also reported that the decrease in antioxidant activity during storage could also be 
associated with the decreasing levels of antioxidant compounds (viz. ascorbic acid, 
phenolics, flavonoids, anthocyanins and carotenoids) (Figs.  5, 6 and 7). The best 
retention of total phenolics, flavonoids and antioxidant activity was observed follow-
ing ANE application; this could be due to the fact that ANE is an excellent source 
of such compounds (Nayak et al. 2020). Exogenous application of ANE, therefore, 
also increased the internal concentration of antioxidant compounds in tubers; thus, 
tubers exhibited a high antioxidant activity following ANE treatment. These results 
are in line with Galani et al. (2017), who observed that total phenolic concentrations 
of potato tubers stored at room temperature (27 ℃) initially increase, then decrease 
throughout the storage period. In contrast, Abidi et al. (2023) demonstrated a consid-
erable decrease in total phenolic and flavonoid concentrations during peach storage.

Conclusion

Various plant-based extracts studied in this investigation had significant impacts 
on nutrient composition, post-harvest quality of potato tubers. The present study 
revealed that post-harvest dipping of potato tubers into plant extracts can improve 
post-harvest quality and prolong shelf-life. Application of plant extracts, especially 
of ANE and MLE, showed vast improvements in mineral concentrations, whereas 
AVE and ANE showed minimal physiological mass loss. In addition, total soluble 
solids, total carbohydrates, total proteins, vitamin C, total phenolics, total flavonoids 
and antioxidant activity were highest in ANE- and MLE-treated tubers. The perfor-
mance of ANE and MLE was, hence, superior among all tested plant extracts, indi-
cating that natural plant extract usage can be an excellent alternative for hazardous, 
synthetic pesticides. Plant extracts preserved post-harvest quality of potato tubers, 
while producing safer and healthier food for consumers.
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