
Submit Manuscript | http://medcraveonline.com

Introduction
After rice and wheat, Potato (Solanum tuberosum L.) is the third 

most important food crop worldwide and provides high quality 
nutrition, especially food energy, vitamin C, potassium, protein and 
dietary fiber.1,2 Due to their short production cycle, potatoes provide 
food faster than cereals or legumes and produce more food calories 
per hectare, and use less water as compared to either wheat or rice.3,4 
Storage conditions are an important issue in increasing the storage 
life and conservation of horticultural products such as potatoes.5 
To assure high quality tubers after storage, it is necessary to begin 
with healthy, well-matured tubers of an appropriate cultivar for the 
intended purpose. However, several factors influence the final quality 
of potato tubers. These include duration of storage, dormancy status 
and physiological age, diseases and pests, temperature, relative 
humidity, application of postharvest chemicals and the composition 
of the atmosphere surrounding the stored tubers.6–8 Although fruits 
and vegetables are often treated with fungicides to delay postharvest 
disease, due to the adverse effects of chemicals on human life and 
environmental pollution, their application in the storage process is 
limited.9,10 Application of non-chemical methods, such as the use of 
gamma rays, UV light, heat therapyand natural products have been 
developed in the management of postharvest fungal rotting of fruits 
and vegetables in recent years.5,9,11,12 Rosemary (Rosmarinus officinalis 
L.) is a spice and medicinal herb widely used around the world.

It is mainly produced in Italy, Dalmatia, Spain, Greece, Turkey, 
Egypt, France, Portugal and North Africa.13 Rosemary leaves are used 
in foodstuffs, especially for the control of microbial infections.14,15 
The leaves are also reported as an antioxidant due to the presence of 
rosmarinic acid, carnosol, carnosic acid and caffeic acid.16,17 Among 
natural antioxidants, rosemary has been widely accepted as one of 
the spices with the highest antioxidant activity.18,19 The essential oil 
of rosemary has been reported as a tonic stimulant and it is used as a 
pulmonary antiseptic, a choleretic, and a colagoguic, and also shows 

stomachic, antidiarrhoeal and antirheumatic properties.20 Recently, 
the exploitation of natural products to control decay and prolong 
storage life of perishables has received more and more attention.21 
Rosemary has antimicrobial properties and can be important in 
reducing postharvest losses. The essential oils play a role in plant 
defense mechanisms against micro-organisms.22 Investigation on the 
mode of action and practical applicability of such plant products is 
required to recommend their formulation in control of postharvest 
diseases.21 With a broad range of natural fungicidal plant volatiles, 
numerous opportunities exist to explore their usefulness in controlling 
postharvest diseases. In the current study, we report how fresh 
rosemary leaves and branches enhance the storage life of potato 
(Solanum tuberosum L.).

Materials and methods
Plant material

Similar sized and shaped potatoes were provided from the Seed 
and Plant Improvement Institute, Karaj, Iran. The fresh leaves 
and branches of Rosmarinus officinalis were collected from the 
experimental field of the Medicinal Plants Research Center, Shahed 
University, Tehran, Iran.

Experimental technique

The experiment was conducted in the Department of Horticulture, 
Agriculture Science Faculty, Shahed University, Tehran, Iran, during 
August to November 2012. We carried out an experiment based on 
a randomized complete block design (RCBD) with five different 
storage conditions at various temperatures with and without using 
fresh rosemary leaves and branches, with three replicates. The storage 
conditions were; 4°C in a seed storage apparatus, 25 and 30°C without 
rosemary leaves and branches, and 25 and 30°C with rosemary leaves 
and branches in a controlled incubator. Five hundred grams of the 
similar sized and shaped potatoes were placed into each paper bag 
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Abstract

Storage of potatoes is one of the most important concerns in maintaining freshness and 
nutritional quality in the storage process. To achieve this, an experiment was carried 
out with five different storage conditions at various temperatures using fresh rosemary 
leaves and branches with three replicates. The results revealed that storage of potatoes 
at 25°C with rosemary leaves and branches resulted in the lowest sprout development 
and weight loss after 10 weeks. This was significantly different from either 4°C or 
30°C. The findings indicated the potential of rosemary fresh leaves and branches to 
improve potato storage life considering its simplicity and efficacy in decreasing the 
storage cost, the weight loss and sprouting without causing any environmental toxicity. 
In addition, the potential of rosemary could be used to other fruits and vegetables to 
investigate further the possible role of rosemary application to prevent fungal rot.
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(total 15 bags), separately. The three bags of potato samples (control 
samples) were located in the seed storage apparatus at 4°C, three bags 
at 25°C and three bags at 30°C in the controlled incubator, separately. 
One hundred and twenty grams of rosemary leaves and branches were 
put inside the each paper bag (total six bags) between the potatoes. 
Three bags were maintained in the controlled incubator at 25°C and 
three bags at 30°C, separately. After one week, the weight loss (WL) 
and sprouting of potatoes was measured every week for 10 weeks of 
the experimental period. 

Statistical analyses

The analysis of variance (ANOVA, one-way analysis) was 
performed using SPSS software version 22 to detect the significance 
of differences among the treatment and the means were compared 
using the Duncan’s multiple range test at the 1% probability level. 
The Graph Pad Prism software No. 6 was used for drawing the graphs.

Results
The analysis of variance showed that different storage conditions 

affected the weight loss and average bud length (ABL) of potatoes. 
Variation due to storage conditions (SC) in terms of the weight loss 
and average bud length was significant during the experimental 
period (P≤0.01) (Tables 1 & 2). The highest weight loss (64.7 g) 

were observed at 30°C storage conditions without rosemary leaves 
and branches after 10 weeks of storage time, whereas the lowest 
(23.3 g) occurred at 25°C storage conditions with rosemary leaves 
and branches (Figure 1). In the first week, potato weight loss started; 
in the second week a considerable weight loss was observed. The 
highest sprouting (the average bud length) (4.1 cm) were observed at 
30°C storage conditions without rosemary leaves and branches after 
10 weeks of storage time, whereas the lowest (1.9 cm) occurred at 
25 and 30°C storage conditions with rosemary leaves and branches 
(Figure 1). In the third week, potato buds started to appear. The results 
indicated that there were high significant differences among storage 
times on the WL and the ABL of potatoes. The mean WL over the 
storage conditions varied from 14.6 to 37.5 g in 25°C using rosemary 
leaves and branches and without using rosemary leaves and branches, 
respectively. Among the storage conditions after 10 weeks, 25°C 
with rosemary leaves and branches showed the lowest decrease in the 
WL (23.3 g) followed by 4°C (25.7 g), 30°C with rosemary (26.0 g), 
30°C without rosemary (62.0 g) and 25°C without rosemary (64.7 g). 
Whereas among the storage conditions at the same condition, 25 and 
30oC with rosemary showed the lowest ABL (1.9 cm) followed by 4°C 
(2.8 cm), 25°C without rosemary (3.3 cm) and 30°C without rosemary 
(4.1 cm). Overall, 25°C using rosemary leaves and branches was the 
best condition with respect to the LW and the ABL (Figure 2). 

Table 1 Mean comparison of weight loss of potato in different storage conditions (Mean values±S.E)

SC WL2 WL3 WL4 WL5 WL6 WL7 WL8 WL9 WL10

1 2.3±0.3c 10.0±2.0c 11.0±1.5c 14.3±0.7b 16.7±0.3b 18.3±0.7b 21.7±1.3c 24.3±1.7b 25.7±1.3b

2 16.7±3.3a 25.3±2.7a 32.7±2.7a 36.0±4.0a 44.7±3.7a 47.7±3.7a 52.0±3.0b 58.0±1.0a 62.0±0.0a

3 10.3±0.7b 18.3±0.7b 25.3±1.3b 31.3±0.7a 42.0±4.0a 51.7±2.7a 58.7±2.7a 62.0±4.0a 64.7±3.7a

4 4.7±1.3c 10.0±2.0c 13.3±2.2c 14.3±2.2b 16.7±2.1b 20.3±2.2b 21.3±2.2c 22.3±2.2b 23.3±2.2b

5 4.3±0.7c 10.0±1.0c 14.7±0.3c 16.0±1.0b 18.0±0.0b 20.7±1.4b 23.7±1.4c 25.0±1.1b 26.0±1.1b

Different letters indicate significant differences between the values of pairs of treatments within columns at p≤0.01. The storage conditions (SC) were: T1; 4°C 
in the seed storage apparatus, T2; 25°C and T3: 30°C without rosemary leave and branches, T4; 25°C and T5; 30°C with rosemary leave and braches in the 
controlled incubator.

Table 2 Mean comparison of bud length of potato in different storage conditions (Mean values±S.E)

SC ABL3 ABL4 ABL5 ABL6 ABL7 ABL8 ABL9 ABL10

1 0.3±0.3c 0.3±0.3b 0.4±0.4b 1.2±0.2b 1.9±0.4b 2.3±0.3bc 2.5±0.3bc 2.8±0.4bc

2 1.2±0.2b 2.0±0.1a 2.3±0.1a 2.4±0.0a 2.7±0.1a 2.9±0.1b 3.1±0.2ab 3.3±0.2ab

3 2.1±0.0a 2.6±0.2a 2.8±0.1a 3.0±0.1a 3.3±0.1a 3.6±0.2a 3.8±0.2a 4.1±0.3a

4 0.0±0.0c 0.0±0.0b 0.0±0.0b 0.7±0.3b 1.3±0.2bc 1.7±0.1c 1.8±0.1c 1.9±0.2c

5 0.0±0.0c 0.0±0.0b 0.0±0.0b 0.7±0.3b 1.1±0.1c 1.7±0.3c 1.8±0.3c 1.9±0.3c

Different letters indicate significant differences between the values of pairs of treatments within columns at p≤0.01. The storage conditions (SC) were: T1; 4°C 
in the seed storage apparatus, T2; 25°C and T3: 30°C without rosemary leave and branches, T4; 25°C and T5; 30°C with rosemary leave and braches in the 
controlled incubator.

The slope of the weight loss at 25°C using rosemary showed 2.51 
g decrease per storage time (one week) followed by 30°C with using 
rosemary, 4, 25 and 30°C without using rosemary leave and branches. 
The slope of the average bud length at 30°C using rosemary showed 
0.26 cm increase per storage time (one week) followed by 25°C using 
rosemary, 4, 25 and 30°C without using rosemary leaves and branches 
(Figure 2). This might be due to the effect of storage conditions during 
the experimental period. As shown in Figure 2, after 10 weeks, the 

highest and lowest decrease in WL was observed at 25°C without using 
rosemary leaves and branches, and 25°C using rosemary leaves and 
branches, respectively. Interestingly, the amount of decrease in 25°C 
using rosemary leaves and branches condition was lower that of the 
normal storage condition (4°C) (Figure 2). In addition, application of 
rosemary leaves and branches at 25 and 30°C significantly decreased 
the ABL after 10 weeks of storage time (Figure 2).
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Figure 1 The effects of storage conditions on the weight loss (A) and the average bud length (B) of potato after ten weeks using Duncan’s multiple range test 
(P≤0.01). Different letters indicate significant difference between the values of pair of treatments. Vertical bars represent SEM. for three samples. T1; 4°C in the 
seed storage apparatus, T2; 25°C and T3: 30°C without rosemary leave and branches, T4; 25°C and T5; 30°C with rosemary leave and braches in the controlled 
incubator 

Figure 2 The effects of storage conditions on the weight loss (a) and the average bud length (b) of potato during experimental period (10 weeks). Applying the 
Rosemary leaves and branches at 25°C storage conditions showed lowest the WL and the ABL.
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 Discussion
Storage of potatoes is one of the most important concerns in 

maintaining nutritional quality. Hence, any treatment, such as natural 
products that control and extend the storage life of potatoes, could be 
beneficial. In order to investigate the storage life of potatoes, a set of 
critical post-harvest related indices such as weight loss and sprouting 
of potatoes were evaluated under different storage conditions. Since 
refrigerated storage controls the respiration rate of harvested crop 
products, it delays the following causes of deterioration of crops 
including: aging due to ripening, softening, color changes, undesirable 
metabolic changes, respiratory heat production, moisture loss, 
wilting and spoilage due to invasion by bacteria, fungi, and yeasts.23 
Application of some natural products such as flavor compounds, 
acetic acid, jasmonates, glucosinolates, propolis, fusapyrone and 
deoxyfusapyrone, chitosan and essential oils for the management of 
fungal rotting of fruits and vegetables has been developed.21 Although 
the exploitation of natural products to protect the postharvest decay of 
perishable products is in its infancy, these products have the potential 
to be safe fungicides and could replace the synthetic ones.21 Our 
results revealed the importance of rosemary in improving the storage 
time by decreasing weight loss. 

In a study on the essential oils of ten plants,21 recommended that 
the essential oils could be a potential source of eco-friendly botanical 
fungicide, after long term and wide ranging trials to exhibit absolute 

fungi toxic activity up to 100% growth inhibition. Bina et al.24 
reported that the application of rosemary fresh leaves and branches 
can improved the storage life of onions considering its simplicity and 
efficacy in decreasing the storage cost, the weight loss and sprouting 
without causing any environmental toxicity. Therefore, applying 
rosemary leaves and branches to reduce germination and potato 
weight, the fungal infection and decay is the most effective approach 
as compared to the recommended chemical sorirradiation storage in 
potato bulbs. Our results indicated that sprouting (the average bud 
length) of all treatments except the rosemary treatment increased 
at temperatures above 4°C. Variation due to storage conditions was 
significant in terms of sprouting, average bud length; number of 
active buds and tuber weight. In agreement with the reports of Struik 
& Van Ittersum et al.,25,26 the findings of this study indicated that high 
temperature decreased the storage time and increased the weight loss 
and the average length of sprouts, while high temperature along with 
applying rosemary leaves and branches increased storage time, and 
under these conditions, the weight loss and sprouting of potatoes were 
the lowest.

Our results revealed that the potato bulbs had no germination 
during the first two weeks but by increasing storage time potatoes 
started to germinate and therefore, the average bud length increased, 
which matched up with findings of Hartmans et al.27 who reported 
that with increasing storage temperature, the average bud length 
and number of sprouting of potato tubers were increased. The use of 
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herbal ingredients and essential oils in proper sensory tests is needed 
before making any recommendations. Maintaining the benefits of the 
plants as fungi toxicants which are effective on postharvest phases 
should be confirmed properly during accurate laboratory tests and the 
tests based in vivo experiments, while considering safety measures 
and applying the most important features.28 In order to make better 
use of rosemary and other herbs in postharvest storage of horticultural 
crops, it is recommended to complete the investigation of other forms 
of application, such as the use of essential oils or spraying to foliar 
tissue, and measure their effect on quality parameters such as taste 
and flavor of fruits and vegetables. As a final conclusion considering 
weight loss and sprouting (the average bud length) traits related to 
postharvest fruits and vegetables, the application of fresh rosemary 
leaves and branches can be considered as an alternative strategy to 
control postharvest fungal rotting of fruits and vegetables to improve 
the storage life of potatoes considering its simplicity and efficacy in 
decreasing the storage cost, weight loss and sprouting without causing 
any environmental toxicity. Therefore, the suggested approach can be 
applied to other postharvest fruits and vegetables for improving the 
storage life.
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