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Ágrip 

Útiræktun grænmetis á Íslandi er erfið vegna þess hve loftslagið er svalt. Samt sem áður getur 
uppskera blómkáls, brokkolís og gulrófna orðið meiri en markaðurinn getur tekið við. 
Erlendar rannsóknir hafa leitt í ljós að útlit og bragðgæði grænmetis hafa umtalsverð áhrif á 
kauphegðun neytenda og það hvort þeir séu sáttir við grænmetið. Af þessum ástæðum er 
nauðsynlegt að finna leiðir til að lengja geymsluþol þessara grænmetistegunda og varðveita 
gæðin, ásamt því að draga úr sóun.   
  
Markmið rannsóknarinnar var að afla nýrrar þekkingar um skynræna eiginleika (útlit, lykt, 
bragð, áferð, og heildargæði) og gæði blómkáls, brokkolís og gulrófna við tvenns konar 
aðstæður (pakkað í Clarus pólýolefín herpifilmu og ópakkað) í kæliklefa við 0-2 °C og 90-
95% raka (RH). Einnig var markmiðið að þróa skynmatseyðublöð til að meta skynræna þætti 
grænmetisins. Í þriðja lagi var markmiðið að rannsaka hvort verndandi áhrif C-vítamíns 
(askorbinsýru) lengi geymsluþol niðurskorins blómkáls og brokkolís í geymslu við 0-2 °C og 
90-95% raka (RH). Rannsókninni var skipt í tilraun 1 (pakkað og ópakkað grænmeti) og 
tilraun 2 (áhrif). Rannsókninni var skipt í tilraun 1 (pakkað og ópakkað grænmeti) og tilraun 2 
(áhrif C-vítamíns). Tilraunirnar voru framkvæmdar á tímabilinu september til desember 
2021.  
  
Skynmatseyðublöð voru þróuð fyrir hverja grænmetistegund (blómkál, brokkolí og 
gulrófur).   
Fengin voru sýni fyrir báðar tilraunir hjá innlendum grænmetisframleiðendum. Í báðum 
tilraunum voru skynrænir þættir sýna metnir af 8 þjálfuðum skynmatsdómurum, og mælingar 
voru gerðar á heildargerlafjölda, vatnsinnihaldi, C-vítamíni, þyngdartapi og litarbreytingumar 
(CIL lab L, a, b). Fylgst var með hitastigi og raka með notkun sírita og aflestri af mælum.  
  
Í tilraun 1 komu skynmatsþættirnir betur út fyrir pakkað grænmeti (blómkál, brokkolí og 
gulrófur) en ópakkað. Pökkuðu sýnin töpuðu minna vatni og léttust minna en ópökkuðu sýnin. 
Heildargerlafjöldi var lægri í ópökkuðum sýnum en pökkuðum. Styrkur C-vítamíns lækkaði í 
öllum grænmetistegundum óháð pökkun. Litarbreytingar komu fram fyrir bæði pakkað og 
ópakkað grænmeti. Hita- og rakastig voru stöðug en nokkuð breytileg eftir staðsetningu innan 
kæliklefans.   
  
Í tilraun 2 hafði meðhöndlun með C-vítamíni engin áhrif til að varðveita gæðin og lengja 
geymsluþolið. Niðurstöður fyrir blómkál og brokkolí voru svipaðar fyrir skynræna þætti og 
aðrar niðurstöður. Heildargerlafjöldi var innan eðlilegra marka en myglusveppir og gersveppir 
greindust bæði í meðhöndluðum sýnum og viðmiðunarsýnum. Gersveppir og myglusveppir 
eru ríkjandi örverur í ferskum ávöxtum. Vatnstap var meira úr brokkolí en blómkáli, en litlar 
breytingar urðu á vatnsinnihaldi blómkáls. Þyngdartap kom fram fyrir bæði viðmiðunarsýni 
og meðhöndluð sýni. Meðhöndluð sýni innihéldu meira C-vítamín en viðmiðunarsýnin enda 
voru þau fyrrnefndu meðhöndluð með C-vítamíni. Samt sem áður lækkaði C-vítamínið eftir 
aðra mælinguna og hélt áfram að lækka til loka tilraunarinnar.   
  
Litur sýna tók breytingum vegna C-vítamín meðferðarinnar. Þetta var greinilegast á stilkunum 
þar sem skurðsárið veitti greiðan aðgang fyrir meðferðina. Hita- og rakastig voru nokkuð 
stöðug í kælinum meðan tilraunin stóð yfir.  
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Abstract 

In Iceland, vegetables are difficult to cultivate outdoors due to the cool climate. Yet, 
cauliflower, broccoli and rutabaga yield may exceed market demand. Several studies abroad 
confirm that the sensory quality of vegetables has a significant impact on consumer 
acceptability and purchase behaviour. Therefore, it is necessary to find ways to prolong the 
shelf life of these vegetables and preserve their quality and reduce waste. 
  
This study aimed to obtain new knowledge about the sensory properties (appearance, odour, 
flavour, texture, and overall quality) and quality of cauliflower, broccoli, and rutabaga under 
two different conditions (i.e., packed with Clarus polyolefin shrink film and unpacked) during 
storage at regulated storage conditions of 0°C-2°C temperature and 90%-95% humidity, 
Additionally the aim was to design sensory schemes to measure the sensory quality of 
vegetables. Lastly, the aim was to investigate the effect of ascorbic acid (i.e., vitamin C) as a 
preservative to extend the shelf life of fresh-cut cauliflower and broccoli at regulated storage 
of 0°C-2°C temperature and 90%-95% humidity. The study was divided into experiment 1 
(packed and unpacked vegetables) and experiment 2 (effect of ascorbic acid). The 
experiments were conducted in September to December 2021.	 
  
A sensory scheme was designed for each vegetable (i.e., cauliflower, broccoli, and rutabaga). 
Samples for both experiments were obtained from local farms. Parameters measured in both 
experiments were sensory evaluation by eight trained sensory panellists, microbial count, 
water content, vitamin C content, weight loss, and colour change using CIL lab L, and b. 
Temperature and humidity were monitored and recorded throughout the studies.  
	 
 
In experiment 1, sensory properties of all three vegetables (cauliflower, broccoli, and 
rutabaga) were better in packed samples than unpacked samples. Packed samples also retained 
more water and lost less weight. Microbial count was lower in unpacked samples than in 
packed samples (> 106). Vitamin C decreased in all vegetables in both conditions. Colour 
changed in both conditions. Temperature and humidity were stable, however different 
positions in the storage room recorded different temperature and humidity. 
  
In experiment 2, treatment with ascorbic acid had no effect as preservative and extending 
shelf life. Cauliflower and broccoli had rather similar results for sensory properties evaluation 
and other parameters, total bacteria count was within limits, but yeast and mould were found 
in both control and treated samples. Yeasts and moulds are the predominant microflora 
associated with fresh vegetables. Water content decreased more in broccoli than cauliflower 
but was rather stable in cauliflower. Weight loss was seen in both control and treated samples. 
Due to the treatment with ascorbic acid, the treated samples contained more vitamin C than 
the control samples; nevertheless, a reduction was observed after the second measurement and 
continued until the end of the experiment  
 
As a result of the treatment, the colour of the samples changed; this was most noticeable in th
e vegetables stalks, where the cut surface was exposed to the treatment. Humidity and 
temperature were rather stable in the storage room during the experiment.  
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1 

1 Introduction 

Consumers desire vegetables, fresh-cut salads and fruits on a year-round basis. Vegetables 
and fruits occupy a prominent position on the list of consumer priorities besides their 
significant role in healthy human nutrition (WHO, 2003).  
 
Today, many vegetables and salads have a 12–14-day shelf life at temperatures between 1°C 
and 5°C, with a humidity of 85-90%, while many fruits have 8–10-day shelf life due to their 
perishable nature. Even though fresh-cut produce had been sold at retail since the 1940s, it 
was not a complete success due to its inconsistent quality and short shelf life. This is due to 
the fact that consumer purchase behaviour and produce acceptance are highly dependent on 
sensory quality (Auerswald et al., 1999). Loss of quality parameters such as appearance, 
colour, flavour, firmness, juiciness, and moisture reduce shelf life and raises the likelihood of 
product rejection by consumers (Yousuf et al., 2018).  
 
According to national research published in European (EU) countries, fresh vegetables and 
fruits make a significant contribution to nearly 50% of the food waste produced by 
households (De Laurentiis et al., 2018). The market requires products to be able to meet 
consumer expectations. Therefore, it's necessary to investigate and evaluate factors that 
influence vegetable quality and their effect on sensory properties during production and after 
harvesting (Auerswald et al., 1999).  
 
Cauliflower and broccoli are difficult to cultivate in Iceland due to the cool climate. 
Greenhouses are the starting point for the cultivation of these vegetables in Iceland. Small 
plants are planted in outdoor fields and harvested in autumn. The harvesting period is short, 
lasting no longer than two to three months (15 July to 15 October), however, the yield may 
exceed market demand. Therefore, it is necessary to find ways to prolong the shelf life of 
these vegetables. Late in the autumn, frost at night can destroy cauliflower and broccoli in the 
fields. Therefore, the harvesting period ends in September (Elde et al., 2018). Preserving the 
post-harvest quality of vegetables is a high priority, as an estimated 25 to 40 % of all 
harvested produce may otherwise perish rapidly due to improper handling and spoilage 
(Lioutas, 1988).  
 
The present study aimed to acquire new knowledge regarding storage effect on the sensory 
properties (i.e., appearance, odour, flavour, texture, juiciness, firmness, and overall quality) 
and quality changes of three Icelandic vegetables (i.e., cauliflower, broccoli, and rutabaga) 
under two different conditions (i.e., packed, and unpacked) and design good sensory schemes 
to measure sensory quality in vegetables. The study also aimed to investigate how to extend 
the shelf-life of fresh-cut cauliflower and broccoli using ascorbic acid (vitamin C). Two 
experiments were performed to investigate how to preserve the quality of the vegetables 
mentioned above.  
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2 Literature review 

In this section, sustainability along with shelf life of vegetables, quality attributes of 
cauliflower, broccoli and rutabaga were reviewed in order to indicate potentials to extend 
shelf life. 

2.1 Sustainability of vegetables 

Substantial amounts of agri-fresh produce, mainly fruits and vegetables, are lost or wasted at 
different channels and operational levels in the agri-fresh produce supply chain. Before 
reaching consumers, fruit and vegetables undergo a sequence of post-harvest process units, 
handling stages, and storage. Of total fruit and vegetable production, 20–60% is lost or 
wasted at different operating levels of the supply chain (Lu et al., 2022). This post-harvest 
loss and waste (PHLW) create a demand-supply imbalance for fruits and vegetables, which 
impedes the provision of nutritious and healthy foods (Anand & Barua, 2022). 
National research published in European (EU) countries indicates that fresh vegetables and 
fruits contribute substantially to nearly 50% of household food waste (De Laurentiis et al., 
2018). Recently (Elde et al., 2018) conducted a literature review on food waste in Iceland. 
They discovered that government institutions have estimated food waste, but no scientific 
publications were found. Vegetable waste was not separately reported. The range of 25 to 70 
kg per capita/year has been reported for total food waste (Elde et al., 2018).  
 
In homes, however, PHLW of fruits and vegetables is a serious challenge in the agri-fresh 
produce supply chain due to its negative impact on economic and environmental factors. As a 
result, numerous nations and international organizations have suggested long-term objectives 
for minimizing food loss and food waste (FLW). For instance, the United Nations, the 
European Union, and the United States have all issued concrete FLW reduction policies or 
regulations. In 2030 United Nations Sustainable Development Goals, a specific target (12.3) 
is proposed; by 2030, food loss and food waste will be halved, and the food production and 
supply chain will be substantially lowered (Lu et al., 2022). 
 
Fruits and vegetables are lost and wasted during all stages of the food supply chain (FSC), 
which includes production, processing, distribution, and consumption; however, in EU, 
substantial losses occur at the last stages, as shown in Figure 1. There is an increasing 
demand for high-quality products by consumers and retailers, as well as a rejection of 
products that are less attractive (Sagar et al., 2018). 
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Figure 1.  Estimated waste in food groups.  
 
Left: Total food waste amount (including edible and inedible components) calculated along the FSC for each 
food group. The error bars represent the range between the minimum and maximum value of the food waste 
calculated for each group due to the variation assumed in the coefficients used to calculate food waste at 
primary production, distribution & retail and consumption. Right: percentage of food waste (dark grey) out of 
the total food available. Adapted from (Caldeira et al., 2019) 
 
According to the figure, the majority of vegetable waste is found in PP, followed by 
consumption. This illustrates the importance of proper handling and extending the shelf life 
in order to minimize loss. 

2.2 Shelf life of vegetables 

To extend shelf life of acceptable sensory quality, it is necessary to consider both the 
physiological behaviour of the product (i.e., deterioration) and the quality requirements that 
consumers apply (Sloof et al., 1996). The degradation rate is highly reliant on the respiration 
of the produce and storage conditions, such as temperature and relative humidity (Jacobsson 
et al., 2004). Vegetables continue to respire after harvest, control of respiration is the basis of 
all storage techniques for vegetables. The quality of fruits and vegetables can be maintained 
for a longer time by decreasing respiration rate, thus increasing product shelf life. On the 
other hand, high respiration rates will increase tissue ageing and decrease the ability of the 
product to repel microbial growth (Tano et al., 2005). Keeping fresh-cut fruits and vegetables 
within their optimal temperature and relative humidity ranges is the most important factor in 
preserving their quality and minimising post-harvest losses (Lamikanra, 2002). 
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2.3 Vegetables studied 

2.3.1 Cauliflower 
Cauliflower (Brassica oleracea L., Group Botrytis) is a Brassicaceae member and cool-
season vegetable crop (Harris, 2011). The major producers of cauliflower are China, India, 
Italy, France, and U.K (Mercantila, 1989). These vegetables are produced in Iceland; 
however, due to the cool weather, the production is challenging and has issues to solve. In 
Iceland, these vegetables are grown initially in greenhouses. They are planted as small plants 
in the field and harvested in the autumn. The harvesting season is short, starting in July and 
lasting no more than two to three months. Harvesting season ends in September because of 
the cold weather, which causes frost at night (Elde et al., 2018).  
Cauliflower is one of the rich sources of nutrients and antioxidants. It is regarded as the 
aristocrat of the Cruciferae family due to its sensitivity to growing conditions and higher care 
requirements compared to broccoli and other close relatives. It can be grown in a variety of 
climates. Still, specific climatic conditions (i.e., temperature and humidity) are needed for the 
transition from vegetative to curd initiation phase and the development of curd (Ray & 
Mishra, 2017). According to (Kitinoja & Kader, 2015) cauliflower stored at temperature 
above 5°C will be damaged due to early browning. Keeping cauliflower crops in a 
refrigerator at a suitable temperature reduces bruises and browning defects. If the cauliflower 
is stored at a temperature of 0 °C and humidity of 90-95%, the shelf life is up to 4 weeks, but 
at a temperature of 4°C, it remains of good quality for only 2 weeks, and when stored at 5°C, 
cauliflower loses its quality after about 7–10 days. 

2.3.2 Broccoli 
Broccoli (Brassica oleracea, Italica Group) is a cool-season vegetable. In 2018, the global 
production of broccoli and cauliflower was approximately 25 million tonnes, with China and 
India accounting for approximately 70% of the total production. In the Americas, the United 
States is the leading producer, while Spain is the top producer in Europe (Chevilly et al., 
2021). Fresh broccoli is remarkably perishable and has a 3- 4 weeks shelf life at 0 °C, but 
only 2- 3 days at 20 °C (Kuo et al., 1977). Loss of freshness is a major factor limiting its 
shelf life (Zhuang et al., 1994). The retention of green colour during storage has been 
evaluated as a measure of quality for broccoli and other green vegetables (Barth et al., 1992). 
Colour is also considered to have a significant impact on consumer selection of produce, as 
colour is frequently used to judge product quality. Exposure to ethylene (hydrocarbon gas, a 
plant hormone which increases maturity) may result in yellowing of the broccoli florets. It is 
a result of broccoli's relatively high metabolism and consequently high respiration rate, as 
well as its hypersensitivity to ethylene and rapid loss of water. It has been demonstrated that 
temperature, relative humidity, and atmospheric composition influence broccoli's colour and 
texture (Rushing, 1990). As broccoli deteriorates, the heads turn yellow due to chlorophyll 
degradation (Kuo et al., 1977).  

2.3.3 Rutabaga 
Rutabaga (Brassica napus var. napobrassica) is commonly referred to as swedish turnip, 
swedes, and turnip-rooted cabbage. Its production is highest in the northern regions of 
Europe, the United States, the United Kingdom, and Canada due to its tolerance to frost 
during the cool season. For optimal growth and development, slightly cooler and moderate 
climates are preferred (Welbaum, 2015). Due to its high concentration of soluble solids, it is 
among the most freeze-resistant vegetables, and major damage from freezing is not 
anticipated. Due to the well-known effects of regional growth conditions on sensory quality 
trials, there is a growing interest in local production (Johansen et al., 2016). 
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Moreover, rutabaga can be stored at 0 °C and relative humidity levels of 90–95% for 8–16 
weeks (or even 2–6 months) at 0 °C and 90–95% relative humidity; they could be available 
throughout the winter until the next growing season (Welbaum, 2015). The brown surface 
discolouration known as ‘storage burn' can be considerably reduced with rapid cooling at 0 
°C and adequate air circulation; however, rutabaga can freeze when temperature is about -
1°C and freezing process starts at -5°C (Maria Cecilia, 2004). 
 
It has not been proven that rutabagas stored in controlled atmospheres provide better quality 
or a longer shelf life than those stored in a normal atmosphere at 0 °C with high relative 
humidity. Moreover, CO2 levels above 8% are injurious to rutabaga (Maria Cecilia, 2004). 
Rutabagas are used as a winter cover crop, their leaves, and roots as fodder for livestock, 
their roots as a table vegetable, and their leaves as a leaf vegetable. The 'root' of rutabaga is 
an enlarged portion of the hypocotyl and upper portion of the roots; it can be eaten raw, 
shredded, or cut into pieces for use in soups, stews, and wok dishes. Particularly in the last 
few decades, the crop's benefits for human consumption have been rediscovered (Rydenheim, 
2008). By introducing rutabaga as a fresh-cut product, consumption could also increase (Zhu 
et al., 2002). 
 
A study of monitoring certain quality parameters (sugar and glucosinolate content) during 
eight-week storage at 0 and 10 °C demonstrated that, in addition to many other advantages, 
the long storage time could be associated with changes in quality parameters. (Shattuck et al., 
1991). 

2.4 Quality attributes of vegetables  

High quality describes a high standard. It has been stated that: “Quality of foods may be 
defined as the composite of those characteristics that differentiate individual units of a 
product and have significance in determining the degree of acceptability of that unit to the 
user” (Barrett et al., 2010). As described by (Barrett et al., 2010), quality characteristics for 
vegetables can be divided into four different attributes: colour, flavour (taste and aroma), 
texture, nutritional value. As consumers, these four attributes typically affect consumer 
choice in the order specified above; for example, consumers evaluate the visual appearance 
and colour first, followed by the taste, aroma, and texture. But apart from eating quality, 
respiration and microbial parameters are important regarding extending shelf life and 
ensuring the safety of the products.  
 
The market demand for fresh fruits and vegetables of premium quality, which increasingly 
characterizes modern consumer societies, will continue to exert pressure on horticultural 
production and the supply chain. The pressure to improve quality is exerted on both the 
preharvest and postharvest stages of the supply chain, which have a substantial ecological 
footprint since food systems are responsible for 19–29% of global anthropogenic greenhouse 
gas emissions (Vermeulen et al., 2012).  
 
Postharvest physiology and technology have led to a significant advancement in 
understanding and quantifying key physical, chemical, and physiological parameters of 
quality in vegetables and fruits. The preservation of fresh horticultural products' quality is 
closely related to the storage and shelf-life extension processes (Kader & Saltveit, 2002). The 
intent of postharvest recommendations for harvesting, packaging, and handling produce 
along the supply chain is to maximize the period during which the quality of the product 
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remains acceptable (Saltveit, 1999). In other words, the potential quality of fresh fruits and 
vegetables that enter the horticultural supply chain is defined by the period preceding harvest.  
 
Still, its expression can be optimized by appropriate postharvest handling practices. This 
indicates that the potential quality of vegetables and fruits entering the horticultural supply 
chain is determined by the period preceding harvest; however, its expression can be 
maximized through the use of suitable postharvest handling practices (Kader, 2008). 

2.5 Potentials to extend shelf life of vegetables 

As soon as food is harvested, it begins to show signs of spoilage. Food preservation is one of 
the sustainable solutions to prevent food wastage. As a result of climatic and seasonal 
conditions, the concepts of sun drying, salting, and pasteurisation have been introduced 
(Sridhar et al., 2021). Currently, food additives are one of the methods used to extend shelf 
life. Food additives can be any substance that is not naturally present in foods and is added 
for various technical purposes, including extending the shelf life of vegetables and fruits in 
particular (EU, commission, 2008). 
 
The food industry uses natural and synthetic additives, despite consumers associating them 
with synthetic chemicals. Many consumers reject preservatives because they are perceived as 
unnatural and can extend the shelf life of foods beyond that of their natural counterparts. 
Undoubtedly, preservatives are the most important component of food products for ensuring 
the safety of consumer health. To fulfil consumer demand for foods with fewer synthetic 
additives or additive-free foods, natural additives such as ascorbic acid have been 
investigated as alternatives (Suppakul, 2015). 
 
Also, one of the developed technologies is modified atmosphere packaging (MAP), which 
maintains the product in a modified atmosphere of a specific gas mixture. The most 
significant advantages of MAP include reducing respiration rate, delay fruit softening, and 
preservation of fruit ingredients. Before selecting a suitable polymeric film for MAP 
packaging, respiration of the vegetables should be considered. Changing the atmosphere may 
extend the shelf life of the product, however, wrong selection of gases, storage conditions and 
packaging films can, however, shorten the shelf life (Alden et al., 2019). 

2.5.1 Ascorbic acid as a vegetable preservative  
Ascorbic acid (C6H8O6), also known as vitamin C, belongs to the monosaccharide family of 
organic compounds. It's highly water-soluble and frequently mentioned as one of the 
Mediterranean diet's key ingredients (Ferro-Luzzi et al., 1994). 
 
It is an important antioxidant that protects plant cells from damaging by removing ozone and 
other active forms of oxygen (Hodges, 2003). Additionally, the food industry has historically 
relied on the stabilizing and antioxidant properties of ascorbic acid. In fact, many additive 
formulations contain ascorbic acid (Liao & Seib, 1988). This element is essential, as it is in 
fresh fruits and vegetables (Ferro-Luzzi et al., 1994). Ascorbic acid oxidizes strongly in the 
presence of oxygen, particularly when it is in contact with catalytic metals. It enables the 
stability of other critical elements in organisms and foods, such as thiamine, folic acid, 
vitamin A, and vitamin E (Liao & Seib, 1988). 
 
As reported by Balouchi, 2012, cut saldas that were dipped in 0.5 AA increased storage life. 
Broccoli floret senescence can be delayed by ascorbic acid treatment. Also, red colour 
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degradation in lychee was delayed with ascorbic acid treatment.  Additionally, the treatment 
improved lettuce's storability by 10% (Balouchi et al., 2012). 
 
Several additives derived from ascorbic acid are available on the market today: “E300, 
ascorbic acid; E301, sodium ascorbate; E302, calcium ascorbate; E303, potassium ascorbate; 
E304, fatty acid esters of ascorbic acid (ascorbyl palmitate and ascorbyl stearate). These 
additives contain ascorbic acid (E300), salts (E301, E302, E303), or lipophilic esters. 
Lipophilic esters (E304) are derived from long fatty acid chains in order to utilize the effects 
of ascorbic acid in lipid-rich foods, thereby preventing rancidification”. Except for E303 
potassium ascorbate, all ascorbic acid-based additives have received regulatory approval in 
Europe (Morrissey et al., 1998). Additives based on ascorbic acid can be used even in infant 
and children's food (Saltmarsh, 2020). 

2.6 Study objectives 

There is a lack of scientific research in Iceland on the quality and shelf life of vegetables.  
Many studies abroad have shown that the sensory quality of vegetables has a strong influence 
on consumer acceptance and purchase behaviours. The cultivation of cauliflower and 
broccoli is challenging in Iceland due to environmental conditions and rutabaga is not fully 
utilized. Therefore, these vegetables were selected for the research and two experiments were 
performed. 
 
The main objective was to acquire new knowledge regarding the sensory properties (i.e., 
appearance, odour, flavour, texture, juiciness, firmness, and overall quality) and quality of 
cauliflower, broccoli, and rutabaga under two different conditions (i.e., packed with Clarus 
polyolefin shrink film and unpacked) during storage in regulated storage conditions of 0°C-
2°C temperature and 90%-95% humidity. Another objective of this experiment was to design 
a good sensory schemes to measure sensory quality of these vegetables. 
 
Additionally, the last objective was to study the effect of ascorbic acid (i.e., vitamin C) as a 
preservative to extend the shelf life of fresh-cut cauliflower and broccoli in regulated storage 
conditions of 0°C-2°C temperature and 90%-95% humidity. 
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Figure 2. Diagram of the procedures for two separate experiments. Sampling interval was every week for 
cauliflower and broccoli in experiment 1 and 2, and every other week for rutabaga. 
 
The main purpose of experiment 1, was to evaluate the sensory properties of cauliflower, 
broccoli, and rutabaga (i.e., packed and unpacked) in monitored storage conditions of 0°C-
2°C temperature and 90%-95% humidity. Also, designing good sensory schemes to measure 
sensory quality in the three vegetables 
 
The main purpose of experiment 2, was to study the effect of ascorbic acid (i.e., Vitamin C) 
as a preservative to extend the shelf life of fresh-cut cauliflower and broccoli in regulated 
storage conditions of 0-2°C temperature and 90-95% humidity.  
 
During the experiments, new samples of cauliflower, broccoli, rutabaga and fresh-cut 
cauliflower and broccoli were measured at each measurement interval, and the number of 
samples varied depending on the vegetable, as shown in Tables 1, 2 and 3.  The parameters 
measured during the experiment were sensory evaluation, microbial count, water content, 
changes in weight, vitamin C, and colour change for cauliflower broccoli and rutabaga. 
Texture was measured only for rutabaga. The temperature and humidity of the storage room 
were monitored throughout the experiment. Sensory quality with other quality parameters 
were measured once per week for cauliflower and broccoli, once per every 2 weeks for the 
rutabaga and once per week for fresh cut cauliflower and broccoli. 

Experiment 1 

Sample preparation 

Experiment 2 

Packed 
Treated with 

AA Control Unpacked 

Storage at 0-2°C and 90-95% RH 

Sensory 
evaluation 

Microbial 
test 

Weight 
loss 

Colour 
determination 

Chemical 
analysis 

Water 
content 

Vitamin C 
content 
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3  Material and methods 

3.1 Experiment 1: Effects of storage conditions on sensory properties and 
quality of cauliflower, broccoli, and rutabaga 

3.1.1 Samples and experimental design 
The samples were 60 cauliflower heads from Melar farm, 74 broccoli heads from Flúðajörfi 
farm, and 47 rutabaga heads from Þórisholt farm. The cauliflower and broccoli samples were 
harvested on September 22nd and stored at the farm overnight. They were then sent to the 
Horticulturists’ Sales Company (SFG) on September 23rd. The rutabaga samples were 
harvested on September 6th-10th.  After harvesting, rutabaga samples were stored at the farm 
in large wooden boxes at a storage regulated for temperature (+2°C) and CO2. Undesirable 
parts (roots, etc.) were removed. Samples were thoroughly washed and dried before being 
delivered to SFG on September 15th and kept at 1-2°C and 90% RH at Matis. Cauliflower and 
rutabaga were packed at the SFG. A plastic film was used (CLARUS Polyolefin Shrink film) 
from the company Clarus Films GmbH in Germany as shown in Figure 40; Appendix E. 
Ulma packaging machine was used for flow packaging. Vegetables were manually fed to the 
packaging machine. Broccoli was packed at Flúðajörfi farm using a specially developed 
polyolefin film. Then samples were sent to Matis and refrigerated at 0-2°C and 90-95% RH. 
Samples were both packed and unpacked. 29 cauliflower heads out of 60, 31 broccoli heads 
out of 74 and 21 rutabaga heads out of 47 were packed. Packed rutabaga heads were larger 
than unpacked rutabaga. Packed broccoli heads were smaller than packed samples (each pack 
contain 2-3 heads of broccoli). The samples were transported the same day to Matís. 
 
Sample preparation started on September 27th for cauliflower and broccoli; packed and 
unpacked samples were selected for uniformity of size and colour and checked for any bursts, 
discolouration, and other abnormalities. In addition to the other criteria, the packed samples 
were also checked for any rupture from the packaging, and an X mark was signed under the 
break with a black marker. Samples arranged in single layer in two plastic boxes for each 
vegetable (i.e., cauliflower, broccoli, and rutabaga) and placed in the dark storage room at 
2°C temperature and 90-95% humidity. Four computerized loggers (HygrochronTM iBotton 
(DS1923) from Maxim Integrated, USA) were used to measure humidity and temperature 
every 30 minutes throughout the experiment. The first logger was fixed to a line hanging 
from the ceiling in the storage room, and three loggers were placed in small plastic boxes and 
kept with the vegetables (i.e., 1 with cauliflower1, with broccoli and 1 with rutabaga). All the 
samples were kept in a storage room at a regulated temperature and humidity, see Figure3.  
 
Table 1 shows weekly measurements taken for cauliflower and broccoli and biweekly 
measurements for rutabaga. The parameters measured during the experiment were sensory 
properties, microbial count (total count), water content, changes in weight, vitamin C, and 
colour change (L,a and b) of cauliflower, broccoli, and rutabaga. Instrumental texture 
analysis was only carried out for rutabaga. In the storage room, three heads of each of the 
three vegetables, both packed and unpacked, were separated, and stored for the duration of 
the experiment in order to measure changes in weight; samples were chosen according to 
their weight and named as follows: Sample 1 (small), sample 2 (medium) and sample 3 
(large). The first quality measurement for cauliflower and broccoli started on 27th September 
and ended on 9th of November, except for unpacked broccoli which ended on 25th of 
October. The quality measurements for rutabaga started on 30th September, packed ended on 
8th December and unpacked ended on 9th of November 
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Figure 3. Cauliflower and rutabaga samples in storage room 0-2°C and 90-95% RH. 
 
Table 1. Experimental design of cauliflower, broccoli and rutabaga. 

Experimental design 

Sample Submittal 
requirements 

Quality attribute to be 
evaluated Evaluation detail 

Cauliflower 
Packed_2 heads Sensory evaluation 8 panellists,3-digit code, duplicate sample 

Unpacked_2 heads Microbial test Total microbial count 

Broccoli 
Packed_5 heads Weight loos Calculating relative fresh weight 

Unpacked_2 heads Changes in colour Identifying colour differences using L*a*b* coordinates 

Rutabaga 
Packed_2 heads Chemical analysis Moisture content % and ascorbic acid determination 

mg/100g 
Unpacked_3-4   
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3.2 Experiment 2: Influence of preservatives (i.e., ascorbic acid) on quality and 
shelf life of fresh-cut cauliflower and broccoli 

3.2.1 Samples and experimental design 
Cauliflower and broccoli samples were collected from Flúðajörfi farm, samples were 
harvested 1-2 days prior they were delivered to Matis on November 2nd; the samples were 
kept in a refrigerator room for 6 days at 0–2°C and with humidity of 90-95%. The sample 
preparation started on November 8th for cauliflower and November 10th for broccoli. Sample 
measurements began on the 17th of November.  
 
All samples arrived packed, cauliflower samples were packed with clarus polyolefin shrink 
film at the SFG, and broccoli samples were packed at the farm using a specially developed 
polyolefin film developed for broccoli. Sample preparation started with unpacking all 
samples. All samples were cut in half, and then the branches and stalks were separated. 
Cauliflower stalks were at least 1.5 cm long, and broccoli stalks were at least 2 cm long. The 
samples were almost similar in shape, size, colour, and length. 
 
Additionally, the absence of brown pigments and any other sign of declining quality was a 
primary criterion for sample selection. The samples were separated into two groups; each 
group was 20 heads, one used for ascorbic acid (E300) treatment, and another used as a 
control. Sample treatment started with immersing the samples into a bowl of tap water to 
remove dust and soil from selected samples and then shaking them for 5 seconds to remove 
water.  
A bowl containing 30 liters of solution with 1% AA had been prepared. The samples for 
ascorbic acid treatment were immersed in the solution for 10 minutes, gently mixing for 10 
seconds and pressed into the bottom of the bowl every 2 minutes with a wooden spoon. To 
dry, treated samples were placed on two layers of kitchen paper and left for 20 minutes at 
room temperature for the water to drain as a preliminary drying stage. After that, samples 
were placed in a laminar airflow hood cauliflower for 3 hours and 30 minutes, while broccoli 
stayed in the machine for only 3 hours (Figure 4). 
 
The sample preparation was completed in the dark storage room at temperature (0°C-2°C) 
and humidity (90%-95%). All the samples were put neatly in plastic boxes, and two layers of 
tissue were placed under the pieces to absorb any dropped water and removed the next day. 
As shown in Table 2, the samples were measured once per week, cauliflower samples for 5 
weeks and broccoli samples for 4 weeks. 
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Table 2. Experiment design of fresh-cut cauliflower and broccoli. 
Experimental design  

Sample Submittal 
requirements  

 Quality attribute to be 
evaluated  Evaluation detail 

Cauliflower Treated -25 pieces Sensory evaluation  8 penalllists,3-digit code, duplicate sample 
  Control-25 pieces Microbial test Total microbial count, mould, and yeas 
Broccoli Treated - 25 pieces Weight loos Calculating relative fresh weight   
  Control-25 pieces Change in colour Identifying colour differences using L*a*b* coordinates 

    Chemical analysis Moisture content % and ascorbic acid determination 
mg/100g 

All parameters were measured weekly except mould and yeast measured bi-weekly. 
 

 
Figure 4. Cut-broccoli samples treated with ascorbic acid (Vitamin-C) drying in a laminar flow hood 
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3.3 Analytical methods 

3.3.1 Sensory evaluation 
Fresh samples of cauliflower, broccoli and rutabaga in Experiment 1 and fresh cut samples of 
cauliflower and broccoli in Experiment 2 were evaluated using a quality grading sensory 
scheme. Freshness quality was performed by a grading method describing appearance, odour, 
flavour, texture, firmness, juiciness, and overall quality changes during storage time. Scores 
were from 5 to 1; a score of 5 indicates excellent; a score 4 good, score 3 fair, score 2 
questionable and score 1 unfit freshness quality. Scores for firmness and juiciness (0 = soft; 
100 = firm) and (0 = dry; 100 = juicy). The average score of 2.5 indicates the vegetable's 
freshness is questionable and has reached the end of its shelf life. In each session, 6 to 8 
panellists participated in sensory evaluations in experiments 1 and 2. Panellists were trained 
according to (ISO:8586, 2014).  
 
The samples for evaluation were placed in aluminum/plastic boxes or/and white glass plates 
that were randomly coded with three-digit numbers. Each panellist was provided with 
duplicates of each sample coded differently and the panellist evaluated the samples in a 
specific cabin under regulated light shown in Figure 5. The program used for data recording 
was FIZZ, Version 2.51C, 1994-2018, Biosystéemes. Panellists reported their evaluations 
regarding samples using a specific evaluation scheme designed for this study. The sensory 
scheme included sensory properties (i.e., grading of appearance, odour, flavour, texture, and 
overall quality, in addition to specific rating of firmness and juiciness), as see in Tables 3, 4 
and 5.  
 
 

 
Figure 5. Cauliflower samples in the sensory evaluation hood for testing by panellist. 
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Table 3. Sensory scheme (quality grading) for cauliflower.  
 

Attribute Description Freshness score 
Appearance White, creamy colour, even colour 5 Excellent 
  Mostly white, creamy colour (90%) 4 Good 
  Some signs of discolouration 3 Fair 
  Signs of discolouration (25%), bruises 2 Questionable 
  Discoloured, bruises and dark spots 1 Unfit 
  Comments:     
Odour Fresh, green, characteristic cauliflower 5 Excellent 
  Less odour, but still fresh, green, characteristic cauliflower 4 Good 
  Weak odour, but no odour spoilage indicators 3 Fair 
  Hint of spoilage odour 2 Questionable 
  Spoilage odour 1 Unfit 
  Comments:     
Flavour Fresh, green, characteristic cauliflower 5 Excellent 
  Less flavour, but still fresh, green, characteristic cauliflower 4 Good 
  Rather neutral, no spoilage indicators 3 Fair 
  Hint of spoilage flavour 2 Questionable 
  Spoilage flavour 1 Unfit 
  Comments:     
Texture Very firm, breaks easily 5 Excellent 
  Firm 4 Good 
  Less firm  3 Fair 
  A bit soft, somewhat soft in bite 2 Questionable 
  Soft 1 Unfit 
  Comments:     
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Table 4. Sensory scheme (quality grading) for broccoli 

 

Attribute Description Freshness score 
Appearance Dark-green, small lighter green spots 5 Excellent 

  Dark green but lighter green spots, small yellow, brown 
spots 4 Good 

  Lighter green background, yellow, brown spots 3 Fair 
  Lighter green background, yellow/brown patches (areas) 2 Questionable 
  Brownish 1 Unfit 
  Comments:     
Odour Fresh, green, characteristic broccoli 5 Excellent 
  Less odour, but still fresh, green, characteristic broccoli 4 Good 
  Weak odour, but no odour spoilage indicators 3 Fair 
  Hint of spoilage odour 2 Questionable 
  Spoilage odour 1 Unfit 
  Comments:     
Flavour Fresh, green, characteristic broccoli 5 Excellent 
  Less flavour, but still fresh, green, characteristic broccoli 4 Good 
  Rather neutral, no spoilage indicators 3 Fair 
  Hint of spoilage flavour 2 Questionable 
  Spoilage flavour 1 Unfit 
  Comments:     
Texture Firm, breaks easily 5 Excellent 
  Firm, breaks not easily 4 Good 
  Firm 3 Fair 
  Less firm, somewhat soft in bite 2 Questionable 
  Soft 1 Unfit 
  Comments:     
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Table 5. Sensory scheme (quality grading) for rutabaga. 

Attribute Description Freshness score 
Appearance Smooth, white/creamy appearance 5 Excellent 
  Creamy appearance 4 Good 
  Creamy appearance, purple undertone 3 Fair 
  Creamy/yellowish appearance, a bit spotty surface 2 Questionable 
  Yellowish/brownish, dark yellow, spotty surface 1 Unfit 
  Comments:     
Odour Fresh, green, characteristic swede 5 Excellent 
  Less odour, but still fresh, green, characteristic swede 4 Good 
  Weak odour, but no odour spoilage indicators 3 Fair 
  Hint of spoilage odour 2 Questionable 
  Spoilage odour 1 Unfit 
  Comments:     
Flavour Sweet, fresh, characteristic swede 5 Excellent 
  Sweet, fresh, less characteristic swede 4 Good 
  Rather neutral, no spoilage indicators 3 Fair 
  Hint of spoilage flavour 2 Questionable 
  Spoilage flavour 1 Unfit 
  Comments:     
Texture Juicy, firm bite 5 Excellent 
  Less juicy, less firm bite 4 Good 
  Somewhat juicy, somewhat firm bite 3 Fair 
  Rather dry 2 Questionable 
  Very dry 1 Unfit 
  Comments:     
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3.3.2 Microbiological quality 

3.3.2.1 Total count 
The total count was measured by the Media plate count agar method (PCA), as per (NMKL 
86, 2013). The aerobic plate count was determined by preparing dilution series of the sample 
material according to general microbiological principles and then pouring plating into an 
unspecified agar medium in Petri dishes. The samples were incubated under aerobic 
conditions at 30.0 ± 1.0 °C for 72 ± 6 hours. The number of viable aerobic microorganisms 
per gram of sample was calculated from the number of colonies counted on selected plates 
and multiplied by the number of colonies obtained by the dilution factor. Reference values 
from (Sveitarfélaga, 2002)  for the total number of bacteria in cut vegetables are as follows: 
The total number of bacteria normal < 10,000,000 CFU/g and a poor microbiological state > 
100,000,000 bacteria per gram. Reference values for whole vegetables were not published. 
Data were collected in an Excel sheet; numbers of each week were compared at the end of the 
experiment. 
 

3.3.2.2 Mould and yeast count 
The colony forming unit level was determined by preparing dilution series of the sample 
material according to general microbiological principles, followed by spread plating onto 
specified agar medium in Petri dishes. The samples were incubated at 22.0± 1.0 °C for 5 
days. 
Moulds and yeasts were counted separately and the number per gram of sample was 
calculated from the number of colonies counted on selected plates and by multiplying the 
number of colonies obtained by the dilution factor. Media: Dichloran Rose-Bengal 
Chloramphenicol Agar (DRCB-Agar). As per (NMKL 98, 2005). According to International 
Food Safety and Quality, according to (Foodsafety, 2022 ) the normal range for yeast and 
mould is <105 and <103.  

3.3.3 Moisture (water content) 
The sample was minced with a mixer and homogenized for 1 minute at low speed. 
Approximately 5 g of the minced sample was weighed precisely, spread in a thin layer on a 
porcelain dish, and then left to dry for 4 hours in an oven at 103±2 °C. The plates were then 
removed from the range and cooled down in a desiccator at ambient temperature for 30 
minutes before being weighed again. The water content was calculated according to 
(ISO:6496, 1999). 
 

	The	following	formula	was	used:										3 = (61 −62) ÷ 61 × 100(%) 
 
Where: W is water content of the sample (%). 
m1 is the mass of the sample before drying (g). 
m2 is the mass of the sample after drying (g).  
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3.3.4 Changes in weight (Weight loss) 
To measure changes in weight, in experiment 1, three units of packed and unpacked 
cauliflower, broccoli, and rutabaga, and in experiment 2, 3 pieces of treated and a control 
sample of cauliflower and broccoli were separated. The selection of these samples was based 
on their weight, small, medium, and large sample, labelled as 1, 2, and 3. All samples were in 
the same place as others in a monitored storage room at 0°C-2°C temperature and 90%-95% 
relative humidity. During the experiment, packed samples measured with their packaging’s. 
 
Weight changes were determined by weighing cauliflower and broccoli samples weekly and 
rutabaga samples biweekly. The weight of each sample was measured using a precise scale 
(OHAUS, NAVIGATOR™ XT) with an accuracy of ± 0.01g. The percentage of weight loss 
was calculated by dividing the weight in each week by the initial weight (week 1) and 
multiplying by 100.  

3.3.5 Vitamin C (Ascorbic acid) 
The amount of ascorbic acid was determined using an enzymatic method. Reagents were 
bought from Boehringer-Mannheim as a kit of all reagents (Cat. No.10 409 677 035) for food 
analysis. Sample preparation started with mincing 50 grams of the sample with 50 ml of 
meta-phosphoric acid (15% w/v) and 0.1 ml of n-octanol with a household mixer (approx. 1 
min). pH was adjusted to 3.5-4.0 with potassium hydroxide solution (2M). The mixture was 
transferred quantitatively to a 500 ml volumetric flask with water filled up to the mark and 
mixed. The mixture was filtered, and 0.500 ml of the sample solution was used. The 
calculation was carried out with the aid of the extinction coefficient of sodium 
phosphate/citrate buffer MTT-formazan. Vitamin C content was expressed as milligrams per 
100 grams (mg/100g). The ascorbic content was calculated according to the following 
equation: 
 
C= ."	$	%&

'	$	(	$	"	$	)*** 	?	@A[C/E] 

V= final volume [ml] 
V= sample volume [ml] 
MW= molecular weight of the substance to be assayed [g/mol] 
d= light path[cm] 
e= extinction coefficient for MTT-formazan at 578 nm 
=16.9[l x mmol-1 xcm-1] 
It follows for L-ascorbic acid: 

C = +,-../	0-1,02
01,3/	0,..	/	.,0..	/	0... 		G	HI = 	J. LMN	G		HI[O	P	QRSTUVWS/

X	RQYZX[	RTX\]WT^]	Equation 1 

3.3.6 Colour measurement 
The colour was evaluated using a hand-held tristimulus reflectance colourimeter Minolta CR-
400 Chroma Meter (Minolta Camera Co., Ltd., Osaka, Japan). On the CIE Lab scale, L 
(black 0 to light 100), a (red 60 to green -60), and b (yellow 60 to blue -60) measure 
lightness, greenness, and yellowness, respectively, see Figure 6.  
 
The instrument was calibrated before each measurement with its standard white plate (L= 
93.8, a= 0.3131and b= 0.3190). For each vegetable, the colour of the entire head was 
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evaluated.  Colour was measured by putting the device on the sample at nine random points 
on the sample's upper surface, as seen in Figure 7. The comparative L, a, and b differences 
were evaluated independently to comprehend the colours. Results were analysed statistically 
using SPSS, one-way ANOVA and expressed independently for each value (i.e., a and b).  In 
the case of cauliflower, L value (darkness to lightness) and a value (redness to greenness); for 
broccoli, a value (redness to greenness) and b value (yellowness to blueness) and rutabaga 
only a value (greenness to redness) were taken into consideration to evaluate colour changes.  
 
 

 
 
Figure 6. In this three-dimensional model for colour measurement.  
The L stands for the lightness of the colour, with 0 producing black and 100 producing a diffuse white. The “a” 
is redness vs. greenness, while the “b” is the yellowness vs. blueness.  
Taken from  http://learn. colourotate. org/colour −models/#. YvEb8 − zP06B%E2%80%9C 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Measuring cauliflower colour by Minolta device during storage time. 
 
In Experiment 1, colour was measured weekly for cauliflower and broccoli, measurements 
started from week 2 until week 7 (6 measurements), except for unpacked broccoli measured 
until week 5 (4 measurements). The colour of rutabaga was measured bi-weekly, started from 
week 3 until week 7 for unpacked rutabaga (3 measurements) and until week 9 for packed 
rutabaga (4 measurements).  In experiment 2, colour was measured weekly, colour of 
cauliflower measured for 5 weeks (5 measurements) and broccoli measured for 4 weeks (4 
measurements). 
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The last measurement was taken when the samples were detected by the sensory panel lower 
than the threshold given for acceptable (2.5 out of 5).  Along with a colourimeter, photos of 
the same samples were taken during the storage time to visualize the changes during storage 
time. A Caruba box was used for taking photos (Caruba D139070 fotostudio, standard Photo 
light stand). 

3.3.7 Monitoring temperature and humidity  

To monitor changes and/or fluctuations in tempreture and humidity computerized loggers 
(HygrochronTM iBotton (DS1923) from Maxim Integrated, USA) and manual recording were 
used. Five computerized loggers were used, loggers measured both temperature and humidity 
every 30 minutes throughout the experiment. In experiment 1, the first logger was fixed to a 
line hanging from the ceiling in the storage room, and three loggers were placed in small 
plastic boxes and kept with the vegetables (i.e., 1 with cauliflower,1 with broccoli and 1 with 
rutabaga). 1 logger was used in experiment 2 placed in a small plastic box and kept on the 
shelf were the sample boxes were placed. Also, in both experiments temperature and 
humidity were recorded daily from a digital thermometer attached to the door of storage 
room (DAQSTATION CX2000, Number: IM 04L31A01-17E).  

3.3.8 Texture analysis 
The texture of packed and unpacked rutabaga samples was analysed using TA. HD plus 
Texture Analyzer (made in the United Kingdom). SMSP4 prob and texture analyser set on 
compression test, pre-test speed 1.0mm/s, test speed 1.0mm/1, post-test speed 5.0mm/, 
distance target type, and 5000g trigger force. Texture analysed at weeks 5 and 7. Sample 
preparation started immediately after removing samples from a cold storage room, they were 
cut into 3 cm cube shapes. Texture was measured in 3 replicated samples, mean and standard 
deviation were calculated to evaluate the changes.  

3.4 Data Analysis  

Microsoft Excel 2021 for mac version 16.57 (22011101) was used to sort the data and 
calculate mean values and standard deviations. For the sensory analysis, a computerized 
system, FIZZ, Version 2.51C, 1994-2018, Biosystémes, was used for data recording, data 
were analyzed with statistical data analysis SPSS, and One-way Analysis of Variance and Fi- 
sher's least square difference (LSD) test were applied to compare means at 5% significance 
level was used to test whether there is a significant difference between weeks for each 
condition, Experiment 1 (packed and unpacked) and Experiment 2 (control and treated).  
Independent T-test was perfomed to test whether there was a significant difference between 
vegetables under different conditions (packed vs unpacked and control). Colour 
measurements were analyzed by using the ANOVA-single factor. The significant level was 
set at 0.05 (p-value 0.05). 



 

21 

4 Results 

4.1 Experiment I: effect of storage condition on sensory properties and quality 
of cauliflower, broccoli, and rutabaga 

4.1.1 Sensory evaluation  

4.1.1.1 Cauliflower 
Sensory evaluation results of packed cauliflower showed significant differences through 
weeks during storage time in appearance, odour, flavour, and overall quality (p-value <0.05), 
as shown in Table 6. No significant difference was seen in texture, juiciness, and firmness 
during storage time (p-value >0.05). However, there was a significant difference in unpacked 
cauliflower (p-value <0.001) in all sensory properties (i.e., odour, flavour, texture, firmness, 
juiciness, and overall quality) see Table 7. 
 
Table 6. Mean ± SD and p-value of sensory evaluation of packed cauliflower during storage for 7 weeks. 

Sensory 
properties 

Packed 
Mean ± SD P-value 

Appearance 3,7 ± 0,8 <0,001 
Odour 3,7 ± 0,6 0,006 

Flavour 3,9 ± 0,6 0,017 
Texture 4,3 ± 0,6 0,187 

Firmness 75 ± 16  0,613 
Juiciness 61 ± 24 0,790 

Overall quality 4,0 ± 0,6 0,005 
Packed cauliflower measured for 7 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture and overall quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8, measurements =108, P-value <0.05 highlighted in red. 
 
 
Table 7. Mean ± SD and p-value of sensory evaluation of unpacked cauliflower during storage for 7 weeks. 

Sensory 
properties 

Unpacked 
Mean ± SD P-value 

Appearance 3,2 ± 0,8 <0,001 
Odour 3,4 ± 0,7 <0,001 

Flavour 3,5 ± 0,8 <0,001 
Texture 3,4 ± 1,0 <0,001 

Firmness 52 ± 24 <0,001 
Juiciness 49 ± 26 0,010 

Overall quality 3,3 ± 0,8 <0,001 
Unpacked cauliflower measured for 7 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture and overall quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8, measurements =108, P-value <0.05 highlighted in red.  
 
 
Results of comparison between packed and unpacked cauliflower in week 1 showed no 
significant difference in odour, flavour, texture, juiciness, and overall quality (p-value>0.05). 
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However, there was significant difference in appearance and firmness (p-value<0.05). 
Samples in both conditions had fresh odour and flavour, packed samples were even in colour, 
few light brown spots seen on unpacked samples, unpacked sample was less firm compared 
to packed sample see Table 8. In week 2, there was no significant difference between 
attributes in packed and unpacked samples (p-value>0.05), except for appearance (p-
value<0.05). In week 3, there was significant difference in appearance, texture, and overall 
quality (p-value 0.05), packed samples were even in colour, free of spots and firm, while 
unpacked sample had several brown spots, and texture was less firm.  
In week 4, there was significant difference in texture, firmness, and overall quality (p-
value<0.05), unpacked samples tend to be softer in texture. In weeks 5,6, and 7, there were 
significant differences in all properties (p-value<0.05) except for appearance and odour in 
week 6 (p-value>0.05), when both packed and unpacked samples had discolouration and 
weak odour. In week 7, unpacked samples were between questionable and fair, packed 
samples were good in flavour and texture and fair in appearance, odour, firmness, juiciness, 
and overall quality. The experiment ended when spoilage was detected on both packed and 
unpacked samples, as seen in Figure 8. 
 
Table 8. Comparison of sensory evaluation data (mean + SD and p-value) for packed and unpacked cauliflower 
during storage.  

Storage 
time  Condition Appearance Odour Flavour Texture Firmness Juiciness Overall 

quality 
  Packed 4,3 ± 0,4 4,1 ± 0,7 4,3 ± 0,6 4,5 ± 0,5 80 ± 12 66 ± 27 4,0 ± 0,5 

Week 1 Unpacked 3,7 ± 0,9 3,9 ± 0,7 4,1 ± 0,9 4,0 ± 0,9 68 ± 21 61 ± 27 4,0 ± 0,8 
  p-value 0,041 0,208 0,251 0,058 0,012 0,293 0,105 
  Packed 4,0 ± 0,6 4,0 ± 0,6 4,2 ± 0,5 4,5 ± 0,5 74 ± 15 67 ± 16 4,1 ± 0,5 

Week 2 Unpacked 3,5 ± 0,6 3,8 ± 0,6 4,0 ± 0,6 4,1 ± 0,7 68 ± 20 65 ± 19 4,0 ± 0,5 
  p-value 0,011 0,201 0,240 0,080 0,188 0,362 0,311 
  Packed 4,0 ± 0,7 3,9 ± 0,4 4,1 ± 0,5 4,5 ± 0,4 80 ± 13 60 ± 31 4,2 ± 0,3 

Week 3 Unpacked 3,6 ± 0,7 3,8 ± 0,6 3,9 ± 0,6 4,0 ± 0,9 67 ± 23 54 ± 30 3,8 ± 0,6 
  p-value 0,091 0,288 0,250 0,030 0,064 0,362 0,044 
  Packed 3,5 ± 0,9 3,5 ± 0,5 3,6 ± 0,6 4,3 ± 0,7 71 ± 21 56 ± 24 3,7 ± 0,6 

Week 4 Unpacked 3,1 ± 0,6 3,2 ± 0,5 3,4 ± 0,6 3,2 ± 0,8 49 ± 21 45 ± 26 3,0 ± 0,6 
  p-value 0,101 0,106 0,141 <0,001 0,003 0,122 0,002 
  Packed 3,4 ± 0,7 3,4 ± 0,7 3,9 ± 0,6 4,1 ± 0,8 71 ± 19 57 ± 26 3,7 ± 0,8 

Week 5 Unpacked 2,7 ± 0,6 3,0 ± 0,7 3,0 ± 0,7 2,8 ± 0,7 39 ± 18 40 ± 22 2,6 ± 0,6 
  p-value 0,003 0,050 <0,001 <0,001 <0,001 0,029 <0,001 
  Packed 3,0 ± 0,7 3,5 ± 0,6 3,6 ± 0,7 4,0 ± 0,5 75 ± 11 59 ± 23 3,7 ± 0,6 

Week 6 Unpacked 2,9 ± 0,7 3,2 ± 0,5 3,2 ± 0,5 3,1 ± 0,7 51 ± 16 49 ± 24 3,0 ± 0,6 
  p-value 0,453 0,109 0,041 <0,001 <0,001 0,048 0,004 
  Packed 3,9 ± 0,9 3,9 ± 0,5 4,0 ± 0,6 4,2 ± 0,6 75 ± 18 63 ± 26 4,1 ± 0,5 

Week 7 Unpacked 3,0 ± 0,7 3,0 ± 0,8 3,0 ± 0,7 2,5 ± 0,8 29 ± 22 37 ± 23 2,7 ± 0,8 
  p-value 0,004 0,005 <0,001 <0,001 <0,001 0,003 <0,001 
Grading scores (5 = excellent, 1 = unfit freshness quality) of appearance, odour, flavour, texture and overall 
quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 100 = juicy). Panellists =8, measurements 
packed=108, unpacked =108. P-value <0.05 highlighted in red. 
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Figure 8. Spoilage of packed cauliflower (left) and unpacked cauliflower (right), after 8 weeks from harvesting 
(week 7 of measurement) storage at  temperature 0-2°C and 90-95% relative humidity. 
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4.1.1.2 Broccoli 
Sensory evaluation results of packed broccoli, as seen in Tables 9 and 10, revealed no 
significant difference in appearance, odour, firmness, and juiciness (p-value >0.05) during 
storage, while flavour, texture and overall quality were significantly different (p-value<0.05) 
during storage time. Besides, there was a significant difference in unpacked broccoli in 
appearance, odour, flavour, texture, firmness, juiciness, and overall quality during storage 
time (p-value <0.05).  
 
Table 9. Mean ± SD and p-value of sensory evaluation of packed broccoli during storage for 7 weeks. 

Sensory properties Packed 

Mean ± SD P-value 
Appearance 4,3 ± 0,6 0,274 

Odour 4,0 ± 0,6 0,195 
Flavour 4,2 ± 0,6 0,022 
Texture 4,3 ± 0,5 0,050 

Firmness 76 ± 14 0,448 
Juiciness 51 ± 24 0,080 

Overall quality 4,1 ± 0,5 0,002 
Packed broccoli measured for 7 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of appearance, 
odour, flavour, texture, and overall quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 100 = juicy). 
Panellists =8, measurements =112. P-value ≤ 0.05 is highlighted in red. 
 
 
Table 10. Mean ± SD and p-value of sensory evaluation of unpacked broccoli during storage for 5 weeks. 

Sensory properties Unpacked 

Mean ± SD P-value 
Appearance 3,8 ± 1,0 <0,001 

Odour 3,1 ± 1,0 <0,001 
Flavour 3,1 ± 1,0 <0,001 
Texture 2,4 ± 1,3 <0,001 

Firmness 32 ± 29 <0,001 
Juiciness 44 ± 26 <0,001 

Overall quality 2,8 ± 1,2 <0,001 
Unpacked broccoli measured for for 5 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture, and overall quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8, measurements=80. P-value ≤ 0.05 is highlighted in red. 
 
 
The result of comparison between packed and unpacked samples, as seen in Table 11, 
showed that in week 1, the freshness score was from good to excellent for packed and 
unpacked broccoli. There was no significant difference between packed and unpacked 
samples (p-value >0.05); samples were dark green in appearance, fresh odour, and flavour; 
they were firm and rather juicy; firmness was good (score 80 on a scale of 0-100). Juiciness 
was fair (score 50 on a scale of 0-100). In Week 2, there was significant difference in all 
attributes (p-value <0.05), except for appearance (p-value>0.05). In weeks 3 and 4, there was 
significant difference in all attributes (i.e., appearance, odour, flavour, texture, 
firmness,juiciness, and overall quality). Yellow spots appeared on unpacked samples, and had 
a weaker odour and flavour, texture was softer, all samples were less firm and rather dry. In 
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week 5, scores of all attributes in unpacked broccoli dropped to questionable (mean<2,5) 
except for appearance, which was scored fair (Mean=3). Attributes for packed samples 
remained of fair quality until week 7. The experiment ended when spoilage was detected on 
some samples, as seen in Figure 9. 
 
Table 11.  Comparison of sensory evaluation data (mean + SD and p-value) for packed and unpacked broccoli 
during storage.  

Storage 
time  Condition Appearance Odour Flavour Texture Firmness Juiciness Overall 

quality 
  Packed 4,4 ± 0,5 4,0 ± 0,6 4,3 ± 0,5 4,5 ± 0,6 79 ± 17 49 ± 25 4,0 ± 0,5 

Week 1 Unpacked 4,5 ± 0,5 4,1 ± 0,6 4,3 ± 0,7 4,2 ± 0,8 71 ± 10 53 ± 25 4,0 ± 0,6 
  p-value 0,220 0,342 0,398 0,176 0,120 0,311 0,500 
  Packed 4,4 ± 0,5 4,1 ± 0,4 4,2 ± 0,5 4,4 ± 0,5 73 ± 14 67 ± 16 4,3 ± 0,4 

Week 2 Unpacked 4,1 ± 0,6 3,2 ± 1,0 3,2 ± 0,8 2,5 ± 1,3 30 ± 27 41 ± 25 3,0 ± 1,1 
  p-value 0,120 0,002 <0,001 0,003 <0,001 <0,001 <0,001 
  Packed 4,6 ± 0,3 4,1 ± 0,4 4,5 ± 0,4 4,6 ± 0,3 81 ± 12 67 ± 26 4,5 ± 0,3 

Week 3 Unpacked 3,8 ± 0,8 3,0 ± 0,9 3,1 ± 0,9 2,1 ± 0,8 28 ± 25 36 ± 26 2,7 ± 0,8 
  p-value 0,005 0,010 0,012 0,006 <0,001 0,001 0,002 
  Packed 4,4 ± 0,6 4,0 ± 0,6 4,2 ± 0,6 4,1 ± 0,5 71 ± 14 50 ± 22 4,1 ± 0,5 

Week 4 Unpacked 3,6 ± 1,1 2,6 ± 0,9 2,6 ± 0,9 1,7 ± 0,7 19 ± 17 21 ± 22 4,2 ± 0,8 
  p-value 0,020 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 
  Packed 4,2 ± 0,8 3,9 ± 0,5 4,0 ± 0,6 4,2 ± 5 74 ± 15 47 ± 24 3,8 ± 0,6 

Week 5 Unpacked 3,0 ± 1,2 2,5 ± 0,8 2,2 ± 0,6 1,6 ± 0,6 12 ± 11 17 ± 11 1,8 ± 0,7 
  p-value 0,017 0,021 <0,001 <0,001 <0,001 <0,001 <0,001 

Week 6 Packed 4,2 ± 0,5 3,7 ± 0,5 3,9 ± 0,7 4,1 ± 0,5 75 ± 12 57 ± 22 3,9 ± 0,5 
Week 7 Packed 4,1 ± 0,6 3,8 ± 0,8 4,0 ± 0,5 4,1 ± 0,4 76 ± 12 58 ± 26 4,0 ± 0,5 

Grading scores (5 = excellent, 1 = unfit freshness quality) of appearance, odour, flavour, texture, and overall 
quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 100 = juicy). P-value ≤ 0.05 highlighted in red. 
 

 
 

  
Figure 9. Spoilage of packed broccoli sample, after 8 weeks from harvesting, (week 7 of measurment) storage at  
tempreture 0-2°C and 90-95% relative humidity. 
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4.1.1.3 Rutabaga 
Results of sensory evaluation showed a significant difference in packed rutabaga for outer 
appearance, inner appearance, odour, flavour, and overall quality (p-value < 0.05) within 
weeks during storage time, as seen in Tables 12 and 13. No significant difference was seen in 
texture, firmness, and juiciness (p-value >0.05). Results of unpacked rutabaga showed a 
significant difference in outer appearance, inner appearance, odour, texture, firmness, 
juiciness, and overall quality (p-value < 0.05). Flavour showed no significant difference(p-
value> 0.05) during storage time. 
 
Table 12. Mean ± SD and p-value of sensory evaluation of packed rutabaga during storagefor 11 weeks. 

Sensory 
properties 

Packed 
Mean ± SD P-value 

Outer appearance 3,9 ± 0,5 <0,001 
Inner appearance 4,0 ± 0,5 <0,001 

Odour 4,3 ± 0,5 0,016 
Flavour 4,3 ± 0,5 0,021 
Texture 4,5 ± 0,4 0,161 

Firmness 80 ± 119 0,120 
Juiciness 73 ± 19 0,819 

Overall quality 4,3 ± 0,4 <0,001 
Packed rutabaga measured for 11 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture, and overall quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8, measurements=112. P-value <0.05 highlighted in red. 
 
 
Table 13. Mean ± SD and p-value of sensory evaluation of unpacked rutabaga during storage for 7 weeks. 

Sensory 
properties 

Unpacked 
Mean ± SD P-value 

Outer appearance 2,6 ± 0,7 0,001 
Inner appearance 3,4 ± 0,8 <0,001 

Odour 3,6 ± 0,7 0,025 
Flavour 3,4 ± 0,8 0,142 
Texture 3,0 ± 0,8 <0,001 

Firmness 35 ± 22 <0,001 
Juiciness 47 ± 24  0,044 

Overall quality 3,1 ± 0,8 <0,001 
Unpacked rutabaga measured for 7 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture, and overall quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8, measurements=80. P-value <0.05 highlighted in red. 
 
 
The results of the comparison between packed and unpacked rutabaga, as seen in Table 14, in 
week 1, showed a significant difference (p-value<0.05) in all sensory attributes, except for 
odour which was weak in both conditions (p-value>0.05). The outer appearance of both 
packed and unpacked rutabaga was creamy in colour with light green discolouration on 
unpacked rutabaga samples. The unpacked samples had a softer texture and was rather dry. In 
week 3, there was a significant difference in all sensory attributes (p-value<0.05) in outer and 
inner appearance, texture, firmness, and overall quality. In the unpacked sample, outer 
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appearance changed to a creamy/yellowish colour, texture was soft, texture of the packed 
sample was firm. 
 
In week 5, there was a significant difference in all sensory attributes (p-value<0.05), 
unpacked sample had spots on outer surface, weak odour, neutral in flavour, very soft and 
rather dry. While appearance of packed sample was free of spots, fresh odour and texture, 
firm in texture and juicy. In week 7, there was a significant difference in all sensory attributes 
(p-value<0.05). All scores of unpacked rutabagas dropped to questionable (mean<2.5) except 
for odour and flavour were fair (mean≥3).  
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Table 14. Comparison of sensory evaluation data (mean + SD and p-value) for packed and unpacked rutabaga during storage.  

Storage 
time  Condition Appearance Odour Flavour Texture Firmness Juiciness Overall 

quality 
    Outer Inner             
  Packed 3,4 ± 0,4 3,7 ± 0,6 4,0 ± 0,8 4,0 ± 0,6 4,3 ± 0,5 75 ± 15 71 ± 13 4,0 ± 0,4 

Week 1 Unpacked 3,0 ± 0,7 3,6 ± 0,7 3,7 ± 0,7 3,5 ± 0,9 3,5 ± 0,8 47 ± 21 56 ± 23 3,5 ± 0,8 

  p-value 0,041 0,270 0,109 0,035 0,002 <0,001 0,044 0,038 

  Packed 4,1 ± 0,6 4,4 ± 0,4 4,6 ± 0,4 4,6 ± 0,5 4,7 ± 0,4 82 ± 11 75 ± 26 4,6 ± 0,4 

Week 3 Unpacked 2,9 ± 0,5 3,6 ± 0,7 3,9 ± 0,8 3,7 ± 0,9 3,5 ± 0,8 46 ± 24 55 ± 24 3,5 ± 0,7 

  p-value <0,001 <0,001 0,004 0,001 <0,001 <0,001 0,021 <0,001 

  Packed 4,1 ± 0,5 4,0 ± 0,4 4,4 ± 0,4 4,5 ± 0,4 4,6 ± 0,3 85 ± 9 70 ± 24 4,5 ± 0,3 

Week 5 Unpacked 2,4 ± 0,6 3,8 ± 0,6 3,6 ± 0,5 3,5 ± 0,5 2,7 ± 0,4 24 ± 13 38 ± 20 3,3 ± 0,4 

  p-value <0,001 0,068 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 

  Packed 4,2 ± 0,4 4,1 ± 0,5 4,3 ± 0,4 4,3 ± 0,4 4,4 ± 0,3 81 ± 9 69 ± 23 4,4 ± 0,4 

Week 7 Unpacked 2,1 ± 0,8 2,7 ± 0,7 3,1 ± 0,7 3,0 ± 0,7 2,5 ± 0,9 22 ± 16 39 ± 24 2,4 ± 0,8 

  p-value 0,043 <0,001 <0,001 <0,001 0,002 <0,001 <0,001 <0,001 

Week 9 Packed 4,1 ± 0,5 4,2 ± 03 4,6 ± 0,3 4,2 ± 0,3 4,5 ± 0,5 80 ± 8 76 ± 10 4,4 ± 0,3 

Week 11 Packed 3,8 ± 0,2 3,7 ± 0,6 4,1 ± 0,6 4,2 ± 0,5 4,4 ± 0,4 75 ± 12 75 ± 10 4,2 ± 0,5 

Grading scores (5 = excellent, 1 = unfit freshness quality) of inner and outer appearance, odour, flavour, texture, and overall quality. Firmness (0 = soft; 100 = firm) and 
juiciness (0 = dry; 100 = juicy). P-value ≤ 0.05 highlighted in red. 
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4.1.2 Microbial count  

Results of total bacterial counts for cauliflower, broccoli and rutabaga can be seen in Table 
15. The numbers vary by week. The initial numbers of bacterial counts are relatively higher 
in packed samples compared to unpacked samples except for broccoli. According to 
reference values from (Sveitarfélaga, 2002)  for the total number of bacteria in cut vegetables 
are as follows: The total number of bacteria normal < 10,000,000 CFU/g and a poor 
microbiological state > 100,000,000 bacteria per gram. Reference values for whole 
vegetables were not published.  Results range normal compared to the reference value for cut 
vegetables, except for packed broccoli. Four results for packed broccoli (week 2, week 3, 
week4 and week 7) are between being considered normal and bad.  
  

Table 15. Total bacterial count for cauliflower, broccoli, and rutabaga during storage.  

Storage time  
Cauliflower   Broccoli Rutabaga 

Packed Unpacked Packed Unpacked Packed Unpacked 

Week 1 7.000 3.500 1.500.000 4.900.000     

Week 2 32.000 30.000 42.000.000 2.400.000     

Week 3 150.000 10.000 42.000.000 83.000 3.600.000 1.700.000 

Week 4 130.000 180.000 33.000.000 290.000     

Week 5 170.000 380.000 900.000 3.600.000 390.000 190.000 

Week 6 34.000 110.000 9.800.000 -     

Week 7 82.000 370.000 32.000.000 - 7.700.000 290.000 

Week 8             

Week 9 - - - - 1.500.000 130.000 

  Week 10             

  Week 11 - - - - 3.800.000 - 
Cauliflower and broccoli measured weekly for 7 weeks; unpacked broccoli measured until week 5. Rutabaga 
measured every other week for 11 weeks starting from week 3. A new sample was measured each time. 
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4.1.3 Water content  

Results for water content were different between weeks of packed and unpacked samples of 
broccoli and rutabaga, while water content of both packed and unpacked cauliflower samples 
was rather stable during storage time. As seen in Table 16, water content for unpacked 
broccoli and rutabaga decreased after first measurement and continuously dropped until end 
of the experiment. Yet, packed samples are more stable. 
 
Table 16. Water content (%) in cauliflower, broccoli, and rutabaga during storage.  

Storage time 
Cauliflower Broccoli Rutabaga 

Packed Unpacked Packed Unpacked Packed Unpacked 

Week 1 92,4 91,2 88,1 85,9 N/A - 
Week 2 92,5 91,7 89,1 83,2     
Week 3 92,2 91,7 88,8 70,6 90,7 88,7 
Week 4 92,9 92,4 89,2 79,0     
Week 5 92,5 92,5 89,2 66,1 90,3 85,4 
Week 6 92,8 90,9 88,4 -     
Week 7 92,3 88,3 90,3 - 91,0 78,2 
Week 8             
Week 9 - - - - 91,0 77,9 
Week 10             
Week 11 - - - - 90,0 - 

Water content in 100 grams expressed as percentage. Water content of cauliflower and broccoli(packed and 
unpacked) was measured every week for 7 weeks.  Unpacked broccoli measured for 5 weeks. Rutabaga was 
measured bi-weekly, packed rutabaga was measured for 11 weeks and unpacked rutabaga was measured until 
week 7 of the storage time. 
 

4.1.4 Changes in weight  

4.1.4.1 Cauliflower 

Weight change in the packed samples was slow during the storage time, weight loss of 
samples was 2, 2 and 4% of their initial weight. Unpacked samples showed more weight 
change and higher weight loss, as seen in Table 17, unpacked samples lost about 12, 14, and 
12% of their initial weight. 
 
Table 17.  Weight of packed and unpacked cauliflower during storage for 7 weeks. 

Sample 

Packed Unpacked 

Initial weight  Final weight  weight loss  Initial weight  Final weight  weight loss  

g g % g g % 

sample 1 434 426 2 411 358 12 

sample 2 557 544 2 462 397 14 

sample 3 860 823 4 616 542 12 
Three samples of packed and unpacked cauliflower were weighed. Samples weighed weekly for 7 weeks. 
Samples are listed from lightest to heaviest (1-3). Weight lost is expressed as a percentage of the initial weight. 
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4.1.4.2 Broccoli 

Packed samples showed slight weight change, weight loss of samples was 1, 3 and 8% of 
their initial weight. Unpacked samples showed more weight change. Weight loss was 44, 44, 
and 46% of their initial weight as shown in Table 18.   
 

Table 18. Weight of packed (7 weeks) and unpacked broccoli (5 weeks) during storage. 

Sample 

Packed Unpacked 

Initial weight  Final weight  weight loss  Initial weight  Final weight  weight loss  

g g % g g % 

sample 1 218 216 1 137 76 44 

sample 2 388 377 3 194 109 44 

sample 3 502 462 8 213 116 46 

Three samples of packed and unpacked broccoli were weighed. Samples weighed weekly for 7 weeks (packed) 
and 5 weeks (unpacked). Samples are listed from lightest to heaviest (1-3). Weight lost is expressed as a 
percentage of the initial weight.  

4.1.4.3 Rutabaga 

Packed rutabaga samples showed a slight change in weight. Weight loss in samples was ≤ 1% 
of their initial weight until week 13, while unpacked samples showed more changes in 
weight. Weight loss in samples was 25, 27 and 19% of their initial weight by week 9 as 
shown in Table 19. 
 

Table 19. Weight of packed (11 weeks) and unpacked (7 weeks) rutabaga during storage. 

Sample 

Packed Unpacked 

Initial weight  Final weight  weight loss  Initial weight  Final weight  weight loss  

g g % g g % 

sample 1 610 602 1 254 192 25 

sample 2 834 823 1 272 210 27 

sample 3 1056 1052 <1 366 297 19 

Three samples of packed and unpacked rutabaga were weighed. Samples weighed bi-weekly for 11 weeks 
(packed) and 9 weeks (unpacked). Samples listed from lightest to heaviest (1-3). Weight lost expressed as a 
percentage of the initial weight.  
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4.1.5 Vitamin C 

Vitamin C decreased during the experiment, as shown in Table 20. Unpacked samples 
contained more vitamin C than packed samples. The concentration of vitamin C was lower 
after the second measurement for both packed and unpacked samples. At the end of the 
experiment on cauliflower, broccoli and rutabaga, the amount of vitamin C was relatively 
low. 
 
 

Table 20. Vitamin C (mg/g) for cauliflower, broccoli, and rutabaga during storage. 

Storage time 
Cauliflower Broccoli  Rutabaga 

Packed Unpacked Packed Unpacked Packed Unpacked 

Week 1 48,9 55,2 46,1 57,1 21,9 16,6 

Week 2 33,7 34,9 32,9 17,4     

Week 3 24,3 34,0 4,5 3,0 18,2 3,1 

Week 4 6,4 8,7 1,9 0,3     

Week 5 1,7 0,5 0,8 - 15,9 1,6 

Week 6 - - -       

Week 7 0,6 0,3 0,8   11,1 0,2 

Week 8             

Week 9 - - - - 0,8 0,6 
  Week 10             

  Week 11 - - - - 2,0 - 
Vitamin C in cauliflower and broccoli measured  for 7 weeks, unpacked broccoli measured for 5 weeks. Packed 
rutabaga measured rutabaga for 11 weeks and unpacked 9 weeks. Different samples measured each time. No 
measurements were carried out in week 6. Vitamin C content is expressed as milligrams per 100 grams 
(mg/100g). 

4.1.6 Colour measurements 

4.1.6.1 Cauliflower 

The result of colourimeter of packed cauliflower showed that there was a significant 
difference in L, a and b (lightness, greenness and yellowness) values of colour measurements 
(p-value< 0.05) through weeks during storage time. Unpacked cauliflower showed no 
significant difference in L (lightness) value (p-value >0.05), while there were significant 
differences in a and b values (greenness and yellowness) (p-value <0.05), see Table 21.  
 
Changes in L, a and b values during storage time are shown as graphs in Figures 33-35, 
Appendix A. According to photos taken during storage time, as seen in Figures 10 and 11, 
colour changes in the vegetables were observed during the experiment. In packed samples, 
the colour of unpacked vegetables changed more than in packed vegetables. Cauliflower 
remained white and creamy for 3 weeks; from week 5, some light-yellow discolouration 
began to emerge along with dark spots on some samples.  
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Table 21. Colour determinations of packed and unpacked cauliflower during storage. 

Colour 

value 

Packed Unpacked 

Mean ± SD P-value Mean ± SD P-value 

L 76,3 ± 7,2 0,003 75,8 ± 7,6 0,601 

a 0,2 ± 1,5 <0,001 0,7 ± 1,1 0,004 

b 16,2 ± 2,3 0,007 17,5 ± 3,3 0,001 

Mean ± SD and p-value of L, a and b value. Number of measurements, packed and unpacked =54. P-value 
<0.05 highlighted in red. 

 

    
Figure 10. Photos of different samples of packed cauliflower at week 1 (A), week 3 (B), week 5(C) and at week 
7 (D). Black X marks indicate a hole in the packaging material. 

    
Figure 11. Photso of different samples of unpacked cauliflower in week 1 (A), week 3 (B), week 5(C) and week 
7 (D).  
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4.1.6.2 Broccoli 

As shown in Table 22, the result of colourimeter of packed and unpacked samples showed a 
significant difference in L, a and b (lightness, greenness and yellowness) values during 
storage time (p-value<0.05).  
As shown in Figures 12 and 13, colour of packed and unpacked broccoli changed from dark 
green to bright green with yellow spots, in week 7, some black discolourations were seen on 
packed broccoli samples. 
 
Table 22. Colour determinations of packed and unpacked broccoli during storage. 

Colour 

value 

Packed Unpacked 

Mean ± SD P-value Mean ± SD P-value 

L 48,4 ± 4,6 <0,001 44,8 ± 3,6 <0,001 

a -5,3 ± 1,6 0,002 -6,6 ± 2,7 <0,001 

b 7,7 ± 3,0 <0,001 9,5 ± 3,9 <0,001 
Mean ± SD and p-value of L, a and b value. Number of measurements, packed =54, unpacked =36. P-value 
<0.05 highlighted in red. 
 

    
Figure 12. Photos of different samples of packed broccoli in week 1 (A), week 3 (B), week 5 (C) and week 7 
(D). In week 5 (C), a branch was cut for microbial test. 
 
 

    
Figure 13. Photos of different samples of unpacked broccoli in week 1 (A), week 3 (B), week 5(C) and cross-
section in week 5 (D). In week 1(A), a cut branch used for microbial count. 
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4.1.6.3 Rutabaga 

Results of colourimeter of packed rutabaga showed no significant difference (p-value>0.05) 
in L and b values (Lightness and yellowness), a value (greenness) was significantly different 
(p-value<0.05) during storage time, as seen in Table 23. According to photos shown in 
Figures 14 and 15, there was green discolouration on the surface of packed and unpacked 
samples. Also, unpacked samples showed yellow discolouration by week 7. 
 
Table 23. Colour determination of rutabaga (packed and unpacked) during storage. 

Colour 

value 

Packed Unpacked 

Mean ± SD P-value Mean ± SD P-value 

L 57,8 ± 8,4 0,810 53,1 ± 11,1 0,020 

a 4,9 ± 1,9 <0,010 6,2 ± 3,9 0,010 

b 7,7 ± 5,7 0,060 11,5 ± 8,6 0,310 

Mean (SD) and p-value of L, a and b value. Number of measurements, packed =36, unpacked =27. P-value 
<0.05 highlighted in red. 

    
Figure 14.  Photos of different samples of packed rutabaga at week 1 (A), week 5 (B), week 9 (C) and week 11 
(D). Cut parts used for microbial test. 

 

    
Figure 15. Photos of different samples of Unpacked rutabaga at week 1 (A), week 5 (B), week 7 (C) and week 9 
(D).  
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4.1.7 Texture analysis for rutabaga  

Average of texture analysis for packed rutabaga in week 1 and 7 showed slight difference, 
packed sample become 12% harder, the average changed from 5110 to 5729 g/force. 
Unpacked samples got 10% softer, the average changed from 4393 to 4038 g/force. 
 

4.1.8 Temperature and humidity 

According to the result shown in Table 24, temperature and relative humidity were relatively 
stable. RH is low in broccoli. Minimum temperature recorded in rutabaga is low. No steady 
fluctuations were observed.  
 
 

Table 24. Temperature and humidity  in the storage room for cauliflower, broccoli, and rutabaga during storage. 

Sample 
Temperature °C Humidity % 

Mean ± SD Minimum – Maximum Mean ± SD Minimum – Maximum 

Cauliflower 
box 1 

1,8 ± 0,3 2 – 3  92 ± 2,6 71 – 102 

Broccoli box 1 1,6 ± 0,4 3 – 4 84 ± 8,4 57 – 97 

Rutabaga box 1 2,5 ± 0,5 -5 – 2 88 ± 2,5 67 – 99 

Manually 
recorded 2  

1,9 ± 0,2 1 – 2 86 ± 2 81 – 90 
 

 
Mean ± SD and Minimum- Maximum temperature and humidity. 1 expresses Temperature and humidity were 
recorded by computerised data loggers every 30 minutes, and 2 expresses manually recorded every day during 
storage time. Measurments Loggers, cauliflower = 2625, broccoli = 2577 and rutabaga = 4089, manualy =49. 
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4.2 Experiment II: Use of ascorbic acid (i.e., Vitamin C) to preserve fresh-cut 
cauliflower and broccoli 

4.2.1 Sensory evaluation  

4.2.1.1 Cauliflower 

As shown in Tables 25 and 26, there were significant differences through weeks in all 
sensory attributes of control and treated cauliflower samples during storage time (p-
value<0.05). 
Both control and treated samples showed discolouration and had weak odour and flavour, 
texture became softer, and juiciness decreased, and samples were rather dry after first 
measurement. 
 
Table 25. Mean ± SD and p-value of sensory evaluations for  control cauliflower during storage for 5 weeks. 

 
Sensory 

properties 

Control  

Mean ± SD P-value 

Appearance 3,7 ± 1,0 <0,001 

Odour 3,5 ± 0,7 0,004 

Flavour 3,6 ± 0,8 <0,001 

Texture 3,4 ± 0,9 0,002 

Firmness 52 ± 21 <0,001 

Juiciness 54 ± 21 0,025 

Overall quality 3,5 ± 0,8 <0,001 

Control cauliflower measured for 5 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture and overall quality, firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8. Number of measurements =78. P-value < 0.05 highlighted in red. 

 
Table 26. Mean ± SD and p-value of sensory evaluation of  treated cauliflower during storage for 5 weeks. 

Sensory 

properties 

Treated  

Mean ± SD P-value 

Appearance 3,5 ± 1,1 <0,001 

Odour 3,4 ± 0,8 <0,001 

Flavour 3,4 ± 0,9 <0,001 

Texture 3,1 ± 1,0 <0,001 

Firmness 47 ± 23 <0,001 

Juiciness 51 ± 22 0,006 

Overall quality 3,3 ± 0,9 <0,001 

Treated cauliflower measured for 5 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture and overall quality, firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellist =8. Number of measurements =78. P-value < 0.05 highlighted in red. 

 
Results of comparison between control and treated samples, in week 1 showed no significant 
change in odour, flavour, texture, firmness, juiciness, and overall quality (p-value >0.05). 
There was a significant difference in appearance (p-value 0.05). Treated samples showed 
discolouration of light yellow on the cut surface (stalks). In week 2, there was a significant 
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change in all sensory attributes between control and treated samples (p-value<0.05). Treated 
samples scored higher for all sensory attributes. Control samples had brown discolouration, 
weak odour and flavour, texture was softer, less firm, and rather dry compared to the treated 
sample. In week 3, there was a significant difference between groups in odour, texture, 
firmness, and overall quality (p-value<0.05), treated samples had weak freshness odour and 
softer texture. There was no significant change in appearance, flavour juiciness (p-value 
>0.05), both control and treated sample had discolourations and were less juicy. In week 4, 
there was significant change in odour, flavour, texture, and firmness (p-value<0.05), the 
treated sample had weak odour, flavour and soft texture. there was no significant difference 
in appearance, juiciness, and overall quality (p-value>0.05). In week 5, there was no 
significant difference between treated and control cauliflower (p-value>0.05), samples in 
both conditions had discolourations, weak odour and flavour, and were softer and dry, see 
Table 27. 
Table 27. Comparison of sensory evaluation data (mean + SD and p-value) for control and treated cauliflower 
during storage.  

Storage 

time  
Condition Appearance Odour Flavour Texture Firmness Juiciness 

Overall 

quality 

  Control 4,6 ± 0,5 4,0 ± 0,4 4,2 ± 0,6 4,0 ± 0,5 66 ± 16 68 ± 16 4,2 ± 0,5 

Week 1 Treated 4,1 ± 0,7 3,8 ± 0,7 3,9 ± 0,7 3,6 ± 0,7 55 ± 20 61 ± 20 3,2 ± 0,8 

  p-value 0,012 0,249 0,093 0,054 0,059 0,159 0,073 

  Control 4,1 ± 0,7 3,8 ± 0,6 3,7 ± 1,0 3,5 ± 1,0 59 ± 25 51 ± 31 3,5 ± 1,1 

Week 2 Treated 4,5 ± 0,5 4,1 ± 0,4 4,3 ± 0,5 4,1 ± 4,0 72 ± 9 63 ± 21 4,1 ± 0,5 

  p-value 0,038 0,005 0,029 0,005 0,008 0,023 0,032 

  Control 3,5 ± 1,0 3,5 ± 0,6 3,5 ± 0,6 3,4 ± 0,7 51 ± 16 54 ± 17 3,5 ± 0,6 

Week 3 Treated 3,1 ± 0,8 2,9 ± 0,8 3,1 ± 0,9 2,7 ± 1,0 37 ± 21 43 ± 24 2,8 ± 0,9 

  p-value 0,152 0,027 0,121 0,015 0,026 0,075 0,026 

  Control 3,3 ± 0,9 3,4 ± 0,8 3,5 ± 0,5 3,3 ± 0,7 48 ± 17 53 ± 15 3,2 ± 0,7 

Week 4 Treated 2,9 ± 1,0 2,9 ± 0,4 2,9 ± 0,8 2,5 ± 0,9 36 ± 20 43 ± 15 2,8 ± 0,8 

  p-value 0,179 0,009 0,011 0,014 0,049 0,130 0,062 

  Control 3,1 ± 0,9 3,1 ± 0,7 2,9 ± 0,7 2,7 ± 0,8 34 ± 21 42 ± 17 2,8 ± 0,7 

Week 5 Treated 2,7 ± 1,0 2,9 ± 0,8 2,8 ± 0,7 2,4 ± 0,8 34 ± 22 40 ± 20 2,7 ± 0,8 

  p-value 0,120 0,313 0,314 0,166 0,473 0,399 0,366 

Grading scores (5 = excellent, 1 = unfit freshness quality) of inner and outer appearance, odour, flavour, texture, 
and overall quality. Firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 100 = juicy). P-value ≤ 0.05 
highlighted in red. 
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4.2.1.2 Broccoli 

As shown in Tables 28 and 29, changes in sensory properties of control and treated broccoli 
samples for all attributes were significantly different through the weeks of storage time (p-
value<0.05). 
 
Both control and treated samples had light green colour, weak odour and flavour, texture was 
rather soft, and samples were not firm.  
 

Table 28. Mean ± SD and p-value of sensory evaluation of control broccoli during storage for 4 weeks. 

Sensory 

properties 

Control  

Mean ± SD P-value 

Appearance 3,8 ± 0,9 <0,001 

Odour 3,1 ± 0,9 <0,001 

Flavour 3,2 ± 0,9 <0,001 

Texture 3,1 ± 1,2 <0,001 

Firmness 47 ± 27 <0,001 

Juiciness 47 ± 24 <0,001 

Overall quality 3,1 ± 1,1 <0,001 
Control broccoli measured for 4 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture and overall quality, firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8. Number of measurements =66. P-value < 0.05 highlighted in red. 
 
Table 29. Mean ±SD and p-value of sensory evaluation of  treated broccoli during storage for 4 weeks. 

Sensory 

properties 

Treated  

Mean ± SD P-value 

Appearance 3,7 ± 1,0 0,002 

Odour 3,0 ± 0,8 0,002 

Flavour 3,0 ± 1,2 <0,001 

Texture 3,0 ± 1,0 <0,001 

Firmness 41 ± 269 <0,001 

Juiciness 43 ± 25 0,020 

Overall quality 2,9 ± 1,2 <0,001 
Treated broccoli measured for 4 weeks. Grading scores (5 = excellent, 1 = unfit freshness quality) of 
appearance, odour, flavour, texture and overall quality, firmness (0 = soft; 100 = firm) and juiciness (0 = dry; 
100 = juicy). Panellists =8. Number of measurements =66. P-value < 0.05 highlighted in red. 
 
Results of comparison between control and treated samples showed no significant difference 
for all properties (p-value >0.05), except for flavour in week 2 (p-value<0.05) when control 
sample had fresher flavour. At start of the experiment both control and treated samples had 
discolourations, weak odour and flavour, soft texture and rather dry and overal quality was 
fair, see Table 30. 
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Table 30. Comparison of sensory evaluation data (mean + SD and p-value) for control and 
treated broccoli during storage.  

Storage 

time  
Condition Appearance Odour Flavour Texture Firmness Juiciness 

Overall 

quality 

  Control 4,3 ± 0,7 3,6 ± 0,5 3,9 ± 0,9 3,9 ± 0,7 62 ± 17 59 ± 16 3,9 ± 0,7 

Week 1 Treated 4,1 ± 0,9 3,4 ± 0,7 3,5 ± 1,1 3,5 ± 0,9 51 ± 23 50 ± 22 3,4 ± 0,9 

  p-value 0,243 0,184 0,136 0,104 0,065 0,099 0,068 

  Control 4,0 ± 0,5 3,5 ± 0,8 3,8 ± ,06 3,2 ± 0,8 51 ± 17 47 ± 26 3,3 ± 0,9 

Week 2 Treated 4,1 ± 0,5 3,5 ± 0,8 3,3 ± 0,9 3,1 ± 0,8 48 ± 21 42 ± 28 3,1 ± 0,9 

  p-value 0,438 0,459 0,045 0,379 0,321 0,274 0,294 

  Control 3,5 ± 0,9 3,1 ± 0,9 3,1 ± 1,2 2,9 ± 1,1 46 ± 29 47 ± 27 3,0 ± 1,2 

Week 3 Treated 3,6 ± 0,9 3,0 ± 0,9 3,0 ± 1,3 3,0 ± 1,0 44 ± 29 45 ± 28 2,9 ± 1,3 

  p-value 0,326 0,433 0,376 0,471 0,409 0,423 0,375 

  Control 3,0 ± 0,7 2,3 ± 0,8 2,1 ± 0,7 1,7 ± 0,8 16 ± 15 23 ± 15 1,9 ± 0,6 

Week 4 Treated 2,9 ± 0,8 2,4 ± 0,6 2,0 ± 0,9 2,0 ± 0,8 19 ± 17 26 ± 20 1,8 ± 0,7 

  p-value 0,370 0,364 0,300 0,238 0,292 0,294 0,405 
There was no significant diffrence in week 1, 2, 3, and 4 for all quality attibutes between treated and control 
broccoli  (p-value>0.05) except for flavour in week 2 (p-value<0.05) wheras treated samples had weaker 
flavour. 
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4.2.2 Microbial count  

4.2.2.1 Cauliflower 

Results for the total count are shown in Table 31. As per (Sveitarfélaga, 2002) numbers are in 
normal range. However, fluctuations within normal range were seen throughout the 
experiment.  According to reference value from (Foodsafety, 2022 ), yeast was found in 
control and treated sample in week 3 >5000, mould not found mould<5000.  
Table 31  Total bacterial, yeast and mould counts for cauliflower (control and treated). 

 

Storage 
time 

Control Treated 

Bacteria count at 30 ° C 
in 1g  Yeast in 1g Mould in 1g 

Bacteria count at 30 ° C 
in 1g  Yeast in 1g Mould in 1g 

Week 1 2.000 110 <20 14.000 1000 <20 

Week 2 900     400     

Week 3 100.000 29.000 640 710.000 31.000 40 
Week 4 19.000     5.300     

Week 5 290.000 420 240 9.900 4.300 <20 
Total count of control and treated samples for cauliflower measured every week, yeast and mould measured bi-
weekly for 5 weeks—different samples measured each time. 
 

4.2.2.2 Broccoli 

Results of the total count are shown in Table 32. As per (Sveitarfélaga, 2002) numbers are in 
normal range. However, fluctuation within normal range was seen throughout the 
experiment.  According to reference value from (Foodsafety, 2022 ), yeast was found in 
control and treated samples in week 1, and treated sample week 3, yeast>5000, mould found 
in control sample week 1, mould>5000.  
 
Table 32. Total bacterial, yeast and mould count for broccoli (control and treated). 

Storage 
time 

Control Treated 
Bacteria count at 30 ° C 

in 1g  Yeast in 1g Mould in 1g 
Bacteria count at 30 ° C 

in 1g  Yeast in 1g Mould in 1g 
Week 1 1.100.000 6.600 6.100 730.000 6.300 160 
Week 2 5.500.000     280.000     

Week 3 920.000 4.600 360 1.000.000 25.000 360 

Week 4 9.200.000     1.800.000     
Total count for control and treated samples of broccoli measured every week, yeast and mould measured bi-
weekly for 4 weeks—different samples measured  each time. 

 

4.2.3 Water content 

The water content for control and treated cauliflower samples was rather stable during 
storage time. As seen in Table 33, water content for control and treated broccoli decreased 
after first measurement and continuously dropped until end of the experiment.  
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Table 33. Water content in cauliflower and broccoli. Water content in 100 grams is expressed as a percentage. 

Storage time  
Cauliflower Broccoli 

Control Treated  Control Treated 

Week 1 90,8 91,4 89,0 87,9 
Week 2 91,3 91,5 87,4 86,5 
Week 3 90,5 90 82,6 82,4 
Week 4 91,7 89,9 81,8 77,9 
Week 5 90,3 90,6 - - 

The water content of cauliflower and broccoli (control and treated) was measured every week, Cauliflower for  
5 weeks and broccoli for 4 weeks.  
 

4.2.4 Changes in weight 

4.2.4.1 Cauliflower 

As shown in Table 34, the weight of control and treated samples decreased through weeks 
during storage time. The treated sample showed higher weight loss than control sample. 
 
Table 34. Three samples of control and treated (with ascorbic acid) cauliflower were weighed. 

Sample 

Control Treated 

Initial weight  Final weight  weight loss  Initial weight  Final weight  weight loss  

g g % g g % 

sample 1 33 23 31 23 19 19 

sample 2 34 23 32 36 27 24 

sample 3 81 74 8 51 36 30 
Samples weighed weekly for 5 weeks. Samples are listed from lightest to heaviest (1-3). Weight loss is 
expressed as a percentage of the initial weight.  
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4.2.4.2  Broccoli 

As shown in Table 35, weight of control and treated samples decreased through weeks during 
storage time. The control samples showed higher weight loss than treated samples.  
 
Table 35. Three samples of control and treated (with ascorbic acid) broccoli were weighed. 

Sample 

Control Treated 

Initial weight  Final weight  weight loss  Initial weight  Final weight  weight loss  

g g % g g % 

sample 1 21 14 34 15 11 28 

sample 2 26 16 38 18 12 34 

sample 3 33 23 31 56 41 26 
Samples weighed weekly for 4 weeks. Samples are listed from lightest to heaviest (1-3). Weight lost is 
expressed as a percentage of the initial weight (n=1).  
 
 
 

4.2.5 Vitamin C 

The measurement of vitamin C during the experiment changed, as shown in Table 36. 
Treated samples contained more vitamin C than control samples. However, the concentration 
of vitamin C was reduced after the second measurement compared to the initial measurement.  
 
Table 36. Vitamin C (mg/100g)  in cauliflower and broccoli (treated and control). 

Storage time 
Cauliflower Broccoli 

Treated Control  Treated Control  

Week 1 25,8 15,7 12,4 8,7 

Week 2 18,0 8,1 5,3 5,0 

Week 3 9,2 5,0 5,0 3,3 

Week 4 9,0 0,8 3,0 1,6 

Week 5 3,0 0,3 - - 
Vitamin C of cauliflower was measured weekly for 5 weeks. Vitamin C content expressed as milligrams per 100 
grams (mg/100g). One measurement was carried out for each case (n=1).  
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4.2.6 Colour measurement  

4.2.6.1 Cauliflower 

Results for colourimeter measurements of treated and control cauliflower showed significant 
difference (p-value<0.05) in L, a, and b values (Lightness, greenness, and yellowness) during 
storage time, as seen in Table 37. Colour of control sample turned to yellow, and several 
light-yellow discolourations appeared on control samples along with darker spots, stalk of 
treated sample turned from white to light brown and continued to darken through storage 
time as seen in Figure 16. 
 
Table 37. Colour determination of control and treated cauliflower during storage. 

Colour 

value 

Control Treated 

Mean ± SD P-value Mean ± SD P-value 

L 82,7 ± 6,6 <0,001 87,1 ± 6,1 <0,001 

a 0,16 ± 0,9 0,049 -0,73 ± 0,7 <0,001 

b 19,2 ± 6,1 0,001 18,5 ± 1,6 <0,001 
Mean ± SD and p-value of L, a and b value. Number of measurements=45. P-value <0.05 highlighted in red. 
 

. 
 

 
 

 
 

Figure 16. Cauliflower treated with ascorbic acid (top), and control samples (bottom). In week 1 (left) and week 
5 (right) during storage time at 0-2°C and 90-95 RH. 
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4.2.6.2 Broccoli 

Results for colourimeter measurements of treated and control broccoli showed significant 
difference (p-value<0.05) in L, a, and b values (Lightness, greenness, and yellowness) during 
storage time, both control and treated sample turned to yellow, AA treatment affected the 
stalk and changed the colour from light yellow to orangish. In week 4, colour of stalk 
darkened to brown, dark spots appeared on treated broccoli as seen in Table 38 and Figure17. 
 
Table 38. Colour determination of control and treated cauliflower during storage. 

Colour 

value 

Control Treated 

Mean ± SD P-value Mean ± SD P-value 

L 49,0 ± 7,0 <0,001 58,3 ± 9,6 <0,001 

a -8,9 ± 2,9 0,068  -10,1 ± 6,3 <0,001 

b 11,8 ± 3,9 0,049 17,8 ± 9,0 <0,001 
Mean ± SD and p-value of L, a and b value. Number of measurements=45. P-value <0.05 highlighted in red. 
 

  
Figure 17. Broccoli treated with ascorbic acid. In week 1 (left) and week 4 (right) during storage time at 0-2°C 
and 90-95 RH. 

 

4.2.7 Humidity and temperature 

Results are shown in Table 39, temperature and humidity were rather stable. No steady 
fluctuation was seen. 
. 

Table 39. Temperature and humidity in the storage room for cauliflower and broccoli. 

Sample 
Temperature °C Humidity % 

Mean ± 

SD Minimum - Maximum 

Mean ± 

SD Minimum - Maximum 

Logger 1,8 ± 0,3 2 - 3  92 ± 2,6 71 - 102 

Manualy 
recorded 

1,9 ± 0,2 1 - 2 86 ± 2 81 - 90 
 

Mean ± SD and minimum-maximum temperature and humidity of storage room. Temperature and humidity 
were recorded by computerised data loggers every 30 minutes, and for the storage room, manual readings were 
recorded every day during storage time. Number of measurements: Loggers = 2073 and manually =16. 
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5 Discussion  

The overall aim of this project was to gain new knowledge and better understanding of 
quality changes in three types of vegetables produced in Iceland and how storage conditions, 
packaging and treatment with antioxidant influenced storage life measured by sensory 
analysis and other methods. This was done in order to find means to extend the storage life of 
the products and thereby reduce post-harvest loss.   
 
The three objectives were: 
 
- Acquire new knowledge regarding changes in sensory properties and other quality 
parameters of packed and unpacked cauliflower, broccoli, and rutabaga during storage in 
regulated optimum storage conditions of 0°C-2°C temperature and 90%-95% humidity.  
- Design a good sensory schemes to measure changes in sensory quality of cauliflower, 
broccoli and rutabaga during storage.  
- Study the effect of 1% ascorbic acid (i.e., vitamin C) as a preservative to extend the shelf 
life of fresh-cut cauliflower and broccoli in regulated storage conditions of 0°C-2°C 
temperature and 90%-95% humidity. 
 
 
Sensory evaluation of freshness quality was based on and performed by a grading method 
describing appearance, odour, flavour, texture, and overall quality changes with storage time. 
Scores were from 5 (excellent) to 1 (unfit). Additionally, firmness and juiciness evaluated 
with generic descriptive analysis. This method described the changes quite well between 
packed and unpacked samples. However, other parameters did not detect quality changes in 
the same manner as the sensory evaluation.  Sensory evaluation detected differences between 
storage times and packed and unpacked products in all sensory parameters tested 
(appearance, odour, flavour, texture, firmness, juiciness, and overall quality).  
 
Packaging had a great influence on storage life. It was more than 8 weeks from harvest for 
packed cauliflower, while the overall quality of unpacked cauliflower had fallen below 3 
(Fair) after 6 weeks. Quality of packed broccoli remained in good quality during the 
experiment (8 weeks), yet there were significant differences in all sensory attributes except 
for firmness and juiciness while the overall quality had fallen below 3 (Fair) after 4 weeks for 
unpacked broccoli.    
As (Pellegrino et al., 2019) reported, overall liking decreases with storing broccoli regardless 
of storage temperature or broccoli variety. 
 
Packed rutabaga had a good overall quality after 12 weeks of storage while the overall quality 
of unpacked rutabaga was well below 3 after 8 weeks. There is lack of scientific research 
describing quality changes or effect of packaging on rutabaga during storage.  
The difference between packed and unpacked products can be explained by evaporation of 
moisture during storage. Water content was stable in packed cauliflower, while unpacked 
cauliflower showed a slight difference between measurements and decreased to 88% in the 
last measurement (week 7). The average weight loss in packed cauliflower was only 2.6%, 
while unpacked samples lost about 12.6% of their initial weight.  
Weight loss was low in packed broccoli compared to unpacked samples. Packaging was a 
factor in maintaining moisture content and decreases evaporation rate in packed broccoli 
which ultimately leads to decreasing weight loss. Another potential factor contributing to 
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weight loss in unpacked broccoli is low relative humidity, which causes the product to 
dehydrate (Madonna et al., 2018). 
 
Weight loss in packed rutabaga was low until 14 weeks after harvesting compared to 
unpacked rutabaga. The water content of unpacked rutabaga dropped to <88% 10 weeks after 
harvest with great weight loss (19-27%). Packaging could be a factor as it is proven, that 
proper packaging can significantly minimize water loss (Rojas‐Graü et al., 2009). Another 
factor of the decrease in water content in unpacked samples could be a delay in cooling 
during harvesting time (Maria Cecilia, 2004). 
 
The rate of permeability to O2 and CO2 transmission in the plastic wrap and the formation of 
a micro-atmosphere inside the wrap may be responsible for the low weight loss of packed 
products while this micro-atmosphere reduces transpiration losses and respiration rate. Also, 
constant exposure of unpackaged products to air, in addition to the presence of forced air 
circulation in the closed storage area, led to increased water loss and weight loss. A similar 
result was seen by (Dhall et al., 2010) when cauliflower was stored at 0-1°C and 90–95% RH 
in a walk-in cool chamber, they reported the minimum loss (1.7%) in cauliflower packaged in 
cling wrap, while control samples without packaging lost the maximum weight (4.2%) after 
21 days. 
 
Other quality parameters may limit the storage life further like microbial growth, loss of 
colour and vitamin C. Microbial contamination and microbial growth during storage was low 
both in packed and unpacked cauliflower and rutabaga.  Microbial contamination was higher 
in broccoli and there was a considerable microbial growth in packed samples exceeding 
normal growth in weeks 2, 3, 4, and 7 according to  (Sveitarfélaga, 2002). This might be due 
to initial contamination and high moisture environment inside packaging, since water content 
was stable in packed broccoli and decreased in unpacked samples. According to (Dirapan et 
al., 2021) an increase in number of microorganisms may result from an environment with a 
high moisture content, which forces bacteria into the guard cells and fissures surrounding the 
epithelial cells. 
 
The difference in microbial growth of packed cauliflower and broccoli might be explained by 
tight and loose wrapping of the products and differences in respiration rates. Initial 
contamination can be prevented by improving handling and hygienic practices.   
 
Retention of vitamin C during storage of vegetables is quite important but vitamin C in both 
packed and unpacked cauliflower decreased after the second measurement and continued to 
drop until week 7 when it was only 5%. The retention was about 70% after 3 weeks from 
harvesting (week 2 of measurement). Similar results were reported by (Nasrin et al., 2022) 
when unpacked cauliflower stored in 4±1°C and 50±5% RH for 20 days, had vitamin C 
retention of 66%. In this study, the retention is higher which can be explained by differences 
in temperature and humidity.  
 
Vitamin C content of broccoli decreased during storage. Three weeks after harvesting (week 
2 of measurement) retention of vitamin C content was about 30% of the initial amount. 
According to a study conducted by  (Barth et al., 1993) packed broccoli retained about 85% 
of its nutrients after 48 hours. Vitamin C also decreased during storage of rutabaga to about 
5-10% retention after 10-12 weeks. Vitamin C begins to degrade shortly after harvesting and 
degrades steadily throughout storage (Murcia et al., 2000). 
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The decrease in vitamin C content may be due to ascorbic acid oxidation. It is predicted that 
the aerobic process is the primary source of vitamin C's chemical degradation in fruits and 
vegetables (Fennema, 1996). Storage conditions may also be a factor. In this study, all 
samples were kept in a dark room during the experiment, and according to a study conducted 
by (Zhan et al., 2014) when fresh cut-celery (Apium graveolens var. dulce) was stored at 7°C 
for 8 days, light exposure with intensity (24 μmol m−2 s−1) was beneficial to preserve L-
ascorbic acid, they concluded that vitamin C content was 46% higher when they stored in the 
light compared to the darkness at the end of storage. 
 
 
Colour of packed cauliflower slightly changed after the 3rd measurement, and in week 7 
became darker, while unpacked samples were darker initially. This difference can be 
explained by the fact that unpackaged samples are more exposed to oxidation. There were 
significant changes in colour during storage of broccoli. Dark green colour of broccoli faded 
and tuned to lighter green with presence of some yellow discolouration in both packed and 
unpacked products, however, the difference in colour might be because of using a different 
sample at each sampling interval. 
 
 
Temperature and humidity were mostly stable during the experiment between 0-2°C and 90-
95% Relative humidity. Few fluctuations in temperature and humidity recorded both by 
loggers and manually, it is possible that this is related to the opening of the storage area and 
the subsequent exchange of air during sample preparation for measurements. Loggers 
recorded low temperatures for rutabagas during storage time for short periods, this could be 
because of the position of the sample boxes in the storage room where they were placed at the 
end of the storage room. A study from (Nunes et al., 1999) showed that the variation in 
temperature and air velocity in cold places depends on sample location during the storage 
(Nunes et al., 1999). Freezing process starts when temperature reached -5°C (do Nascimento 
Nunes), repeated freezing and thawing may be another factor of deterioration, particularly in 
unpackaged samples.  
 
 
Treatment with ascorbic acid to delay discolouration was unsuccessful. 
 
Both cauliflower and broccoli had similar results in sensory evaluation and other parameters. 
The period between receiving samples and measuring parameters was more than two weeks, 
which is longer than the normal shelf life of these vegetables (Mercantila, 1989). At start of 
the experiment both control and treated samples were fair in quality. Also, the treatment 
process may be another factor. As indicated by Brecht, 2010 fresh-cut vegetables deteriorate 
more rapidly than whole produce. This is a direct effect of processing-related damages, which 
results in a variety of physical and physiological changes that impact the sustainability and 
quality of the produce (Brecht et al., 2010).  
 
Also, treatment procedure and incomplete drying or/and drying method (using laminar flow 
hood) could be a reason since the drying method used in this study affected texture and 
appearance, also dried out some of the samples more than others. Microbial count was 
normal, but yeast and mould were detected. This can be explained by the fact that 
microorganisms multiply more quickly on cut or damaged vegetables. Yeast and mould were 
found in both control and treated samples. Yeasts and moulds are the predominant microflora 
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associated with fresh fruits (Rawat, 2015), but no data pertaining yeasts and moulds in 
vegetables was found. 
 
Growth of yeast and mould depends on environmental conditions that can have great 
influence on bacterial populations. Survival and growth of bacterial populations may be 
promoted by the presence of free moisture on produce surface (Barrett et al., 2010). 
Mechanical and chilling damage of plant surfaces promote contamination and growth of 
microorganisms.  
 
Water content decreased more in broccoli and was rather stable in cauliflower. Weight loss 
was seen in both packed and unpacked samples due to evaporation and moisture loss. Due to 
the treatment with ascorbic acid, the treated sample contained more vitamin C than the 
control sample; nevertheless, a reduction was observed after the second measurement and 
continued until the end of the experiment due to the ascorbic acid's rapid oxidation rate. 
 
As a result of the treatment, the colour of the samples changed; this was most noticeable in th
e vegetable stalks, where the cut surface was exposed to the treatment. Humidity and 
temperature were rather stable in the storage room during the experiment.  
 
This trial with ascorbic acid was unsuccessful and did not influence the quality parameters or 
influence quality in a negative way. 
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6 Conclusion  

Packaging had a positive effect on sensory quality of vegetables during storage at optimal 
conditions of 0-2°C and 90-95%RH. Packed cauliflower, broccoli and rutabaga preserved 
their sensory properties. Water content was higher and weight loss was lower in packed 
samples. Based on sensory properties, quality of cauliflower in both conditions was fair until 
7 weeks after harvesting. Packed broccoli was good until 7 weeks after harvesting. While 
unpacked broccoli was good until 5 weeks after harvesting. Packed rutabaga was good until 
12 weeks after harvesting, and unpacked rutabaga was quality fair after 8 weeks of 
harvesting. Vitamin C decreased in all samples regardless of packaging condition, further 
research is needed to study vitamin C. 
 
It can be concluded that the results from the sensory schemes used in this study did not show 
all the changes which were detected by other parameters. More precise and detailed 
descriptions are needed for sensory schemes to follow and detect changes happening to 
vegetables during storage.  
 
Additionally, this study demonstrated that using ascorbic acid treatment and drying treated 
samples in laminar flow hoods is not effective in extending the shelf life of fresh-cut 
cauliflower and broccoli and has to be addressed in more detail.  

7 Future perspectives  

The findings of this study reveal a positive effect of cold storage with regulated humidity on 
the quality of vegetables, which would improve the overall quality. Yet, the sensory scheme 
must be optimized in order to detect changes that lead to vegetable deterioration. The 
packaging was found to reduce water loss and weight loss and increase the freshness period 
of the vegetables. Further research is needed to acquire new knowledge to preserve the 
vegetable's sensory qualities, nutritional value, and safety during storage time. It would be 
interesting to study the quality changes of vegetables directly after harvesting and control all 
the processes from the beginning (i.e., packaging). Also, using a regulated storage room that 
has complete stability in temperature and humidity. 
 
Also, future studies should design experiments using a greater number of samples to evaluate 
changes in measuring parameters.  
It would be interesting to measure dehydroascorbic acid along with ascorbic acid. Also, its 
needed to determine a maximum number of acceptable yeast and mould in fresh vegetables as 
a quality parameter. 
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Appendix 

 
Appendix A- Graphical presentation of colour determinations 
 

 
Figure 18. Lightness (L value) for cauliflower. Vertical bars show standard deviation from the mean value. 

Dark blue represents packed cauliflower and light blue represents unpacked cauliflower. 

 
 

 
Figure 19. Greenness (a value) for cauliflower. Vertical bars show standard deviation from the mean value. 

Dark blue represents packed cauliflower and light blue represents unpacked cauliflower. 
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Figure 20.Yellowness (b value) for cauliflower. Vertical bars show standard deviation from the mean value. 

Dark blue represents packed cauliflower and light blue represents unpacked cauliflower. 

 

 
Figure 21. Lightness (L value) for broccoli. Vertical bars show standard deviation from the mean value. 

Dark green represents packed broccoli and light green represents unpacked broccoli. 
 

 

 

 
Figure 22. Greenness (a value) for broccoli. Vertical bars show standard deviation from the mean value. 

Dark green represents packed broccoli and light green represents unpacked broccoli. 
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Figure 23. Yellowness (b value) for broccoli. Vertical bars show standard deviation from the mean value. 

Dark green represents packed broccoli and light green represents unpacked broccoli. 
 

 
Figure 24. Lightness (L value) for rutabaga. Vertical bars show standard deviation from the mean value. 

Darke orange represents packed rutabaga and light orange represents unpacked rutabaga 
 

 

 

 

 
Figure 25. Greenness (a value) for rutabaga. Vertical bars show standard deviation from the mean value. 

Darke orange represents packed rutabaga and light orange represents unpacked rutabaga 
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Figure 26. Yellowness (b value) for rutabaga. Vertical bars show standard deviation from the mean value. 

Darke orange represents packed rutabaga and light orange represents unpacked rutabaga 

 
 

 
Figure 27. Lightness (L value) for cauliflower. Vertical bars show standard deviation from the mean value. 

Dark blue represents treated cauliflower and light blue represents control cauliflower. 
 

 

 

 

 
Figure 28. Greenness (a value) for cauliflower. Vertical bars show standard deviation from the mean value. 

Dark blue represents treated cauliflower and light blue represents control cauliflower. 
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 Figure 29. Yellowness (b value) for cauliflower. Vertical bars show standard deviation from the mean value. 

Dark blue represents treated cauliflower and light blue represents control cauliflower. 

 

 

 
Figure 30. Lightness (L value) for broccoli. Vertical bars show standard deviation from the mean value. 

Dark green represents treated broccoli and light green represents control broccoli. 
 

 

 

 
Figure 31. Greenness (a value) for broccoli. Vertical bars show standard deviation from the mean value. 

Dark green represents treated broccoli and light green represents control broccoli. 
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Figure 32. Yellowness (b value) for broccoli. Vertical bars show standard deviation from the mean value. 

Dark green represents treated broccoli and light green represents control broccoli. 
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Appendix B- Recommended storage conditions, shelf life and chilling and ethylene 
sensitivity of cauliflower, broccoli, and rutabaga 
 
 
 
Table 40. Recommended storage conditions and shelf life – Cauliflower, broccoli and rutabaga. According to 
(Mercantila, 1989). 

 Cauliflower Broccoli Rutabaga 
Recommended T in °C  0°C 0°C 

 
0°C 

Recommended % RH 90-95 
 

90-95 90-95 
 

Shelf life  4 weeks 
 

1-2 weeks 
 

6 weeks 
 

Chilling injury No Not available 
 

Not available 
 

Ethylene production Low Medium 
 

No 
 

Ethylene sensitivity Sensitive 
 

Sensitive Low 
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Appendix C- Graphical presentation shows changes in weight 
 
 

 
Figure 33. Changes in weight of cauliflower during 7 weeks storage.  

Dark blue represent packed cauliflower and light blue unpacked. Vertical bars show standard deviation from the 
mean value. 

 

 
 

Figure 34. Changes in weight of broccoli during 7 weeks storage of packed and 5 unpacked.  

Dark green represents packed broccoli and light green unpacked. Vertical bars show standard deviation from the 
mean value. 
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Figure 35. Changes in weight of rutabaga during 11 weeks storage of packed and 9 unpacked.  

Dark orange represents packed rutabaga and light orange unpacked. Vertical bars show standard deviation from 
the mean value. 

 

 
 
 

 
Figure 36. Changes in weight of cauliflower during 5 weeks storage.  
Dark blue represent treated cauliflower and light blue control. Vertical bars show standard deviation from the 
mean value. 
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Figure 37. Changes in weight of broccoli during 4 weeks storage.  

Dark green represent treated broccoli and light green control. Vertical bars show standard deviation from the 
mean value. 
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Appendix D- Photos of spoiled samples. 
 
 

  
Figure 38. Photo of unpacked cauliflower sample 3, moulded in week 5 during storage time of Experiment 1. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 39. Spoilage of packed broccoli sample during storage time. 
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Appendix E- Information about packaging material 

 

 



 

66 

 

 

Figure 40. Information about packaging material used for cauliflower and rutabaga.  

 


