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Ágrip 

Markmið með rannsókn þessari var að mæla fjölfenóla í íslenskum krækiberjum (Empetrum nigrum spp. 

hermaphroditum) og mismunandi útdráttar- og varðveisluaðferðir bornar saman. Fimm mismunandi 

styrkir etanóls í vatni voru prófaðir til að finna út hvaða hlutföll af vatni og etanóli draga mest af 

fjölfelónum úr sýnunum. Lausnin með 75% etanóli með 25% afjónuðu vatni skilaði bestu niðurstöðunni 

og var sá styrkur notaður í rannsókninni.  Að afvirkja prótín sem sjá um niðurbrot er vinsæl aðferð innan 

matvælageirans og er mikið notuð fyrir grænmeti og ávexti til að auka geymsluþol og minnka tap á 

næringarefnum. Þetta er svokölluð snögghitun og var mismunandi tími, 0-4 mínútur, borinn saman eftir 

varðveislu í 2 mánuði og svo 12 mánuði. Þá var skoðað hvort betra væri að geyma berin heil eða skipt 

í safa og hrat við -24°C á árs tímabili. 

Krækiber (Empetrum Nigrum) vaxa á krækilyngi og hafa verið partur af íslensku mataræði frá 

landnámi en berin eru svört og safarík eftir gott sumar. Þau eru útbreidd um land allt og talin í hópi fyrstu 

landnemanna eftir ísöld, þegar þau fundust í 10.800 ára gömlum jarðlögum. Fyrstu heimilidir um notkun 

krækilyngs eru frá því 1204. Úr þeim hafa verið gerð jurtaseyði eða söft sem eru mjög barkandi og þóttu 

góð við særindum og blæðingum í meltingarvegi. Þau voru einnig notuð til að stilla af hægðir hjá börnum. 

Berin eru næringarrík en engar rannsóknir eru til á íslenskum krækiberjum, lækningarmætti þeirra og 

varðveislu. Þau eru hægsprottin í köldu íslensku lofti og hreinni nátturu, með mikið af lífvirkum efnum 

sem fróðlegt er að vita hvort ekki sé hægt að nýta betur sé réttum aðferðum beitt. Folin-Ciocalteu prófefni 

var notað til mæla lífvirkni safa og hrats þar sem þriggja mínútna snögghitun varðveitti fjölfenól í hrati, 

sem var geymt aðskilið frá safa, best. Að aðskilja hratið frá safanum eftir snögghitun og geyma sér kom 

best út fyrir fyrir hratið en ómarktækur munur var á sýnum úr safa þar sem tveggja mínútna snögghitun 

varðveitti fjölfenóla best og skipti ekki máli hvort berin voru geymd heil eða skipt í hrat og safa fyrir 

varðveislu. 
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Abstract 

The aim of this study was to measure polyphenols in Icelandic crowberries (Empetrum nigrum spp. 

hermaphroditum) and compare different extraction and preservation methods. Different concentrations 

of ethanol in aqueous solution were used to find the best extraction ratio of ethanol and deionized water 

which was 75% ethanol and 25% ionized water. Different blanching times, to deactivate destructive 

proteins, was also compared. Berries were added to a boiling water for 0-4 minutes. It was also 

evaluated whether it was better to store the berries whole or divided to juice and pulp by slow juicer 

before storage at, -24° C, over the period of one year. 

Crowberries (Empetrum nigrum) grow on low bushes and have been part of the Icelandic diet 

since settlement. The berries are black and juicy after a good summer. They are widespread throughout 

the country and considered to be among the first settlers after the Ice Age, but it was found in 10,800-

year-old strata and the first households for the use of crowberries are from the year 1204. Herbal extracts 

or juices have a long history in Iceland. They are very astringent and thought to help with gastrointestinal 

pain and bleeding and used to adjust bowel movements in children. They are nutritious but no research 

is available about Icelandic crowberries, their healing power and preservation. Crowberries are slowly 

grown in cold Icelandic atmosphere and clean nature, with a great deal of bioactive substances and 

other nutrients. Therefor it is of great importance to know if some methods can be utilized to preserve 

their nutrients. The Folin-Ciocalteu method was used to measure the polyphenols of juice and pulp 

where 3 minutes blanching had the greatest preservation yield in pulp preserved separated from juice, 

both after 2, and 12 months in freezer. For juice, 2 minutes blanching gave the best polyphenol 

preservation yield and there was a little difference (<.05) in juice whether it was from berries preserved 

whole or if juice and pulp were separated prior to freezing.  
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1  Introduction  

Sedentary lifestyle, overnutrition and stress are all factors of the medical term metabolic syndrome (MS) 

which is an increasing problem in the Western and developing countries. It is a group of risk factors; 

high blood pressure, high blood sugar, high triglycerides, low high-density lipoprotein (HDL), high 

cholesterol, and belly fat, which increases the risk of heart diseases and diabetes. Cancer is also among 

the leading causes of death in the world and has a common factor, called oxidative stress, which is a 

state of imbalance between production and accumulation of reactive oxygen species (ROS) in cells and 

tissues, and their ability to detoxify these reactive products. Antioxidants can be important in neutralizing 

these unstable damaging molecules preventing these diseases. Balanced diet rich in fruits and 

vegetables are one of the preventing factors due to their high levels of polyphenols (PPs). PPs are 

phytochemicals with antioxidant properties found in fruits and vegetables. They are part of their defence 

mechanism against ultra-violet (UV) radiation and prevention of microbial infections. They are also 

believed to have an impact on release and suppression of growth hormones, deterrence of herbivores 

(sensory properties) and as signalling molecules in ripening and other growth processes (Kanti 

Bhooshan Pandey & Syed Ibrahim Rizvi, 2009). 

Processes such as canning, drying, cooking, and freezing affect the composition and content of 

various PPs due to thermal degradation, dilution, and diffusion of nutrients into to water used for their 

treatment. Food industries have used antioxidants for the purpose of preservation and extension of 

shelf-life of their products. Antioxidant properties have been known for decades and research and 

development on the use of natural compounds in food industry has become a noteworthy study topic 

along with their health promoting factors.  

The purpose of this thesis was to evaluate PPs in Icelandic crowberries and to find the best 

preservation method. Unblanched samples and samples blanched for 1, 2, 3 and 4 minutes were stored 

at -24°C and total phenolic content (TPC) measured after 2 and 12 months. Blanching is a technique 

used to deactivate degrative enzymes and therefor can prevent degradation of nutrients and prolong 

shelf-life. Finding the correct blanching time is very important as nutrients are lost during the process. 

According to studies, crowberries are very rich of PPs and have been part of the Icelandic diet since the 

settlements (Guðbrandur & Powell, 1905; T. Jurikova et al., 2016; Käppä, Kallio, Peltonen, & Link, 1984). 

Crowberries have been used to make jams, juices, wines and as colorants due to their high anthocyanin 

concentration. Extracts have also been used by native cultures as cathartic, diuretic or antidiarrheal 

treatment and to treat eye diseases (Lacramioara & Ciprian, 2016). In folk medicine, crowberries are 

used for the treatment of epileptic and paralytic states. It also displays astringent properties and have 

antifungal and antimicrobial activity (T. Jurikova et al., 2016). 

Iceland, known for its non-polluted clean air, 24 hours of light in summertime, each year offers tons 

of unused crowberries whose ingredients can be used in food-, cosmetic-, and/or pharmacological 

industry, as supplements, or as part of healthy balanced diet. Icelandic crowberries have not been 

researched considering their PP diversity and antioxidant properties, which makes them a high potential 

subject for underutilized natural resources capable of improving human health and natural preservation 

of foods.  
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2 Literature review 

 Crowberry  

Empetrum nigrum, commonly known as crowberry or black crowberry is a wild berry that occurs widely 

throughout the northern hemisphere such as in Canada, Eurasia, and northern Europe (Bae et al., 

2016). It is one of the most common herbs in Iceland.  It is a dwarf evergreen shrub with edible fruits 

when ripen in late summer when the fruits have turned black from green. The terrestrial trefoil has creep 

or upward, crimson-brown, branched branches (figure 1). Leaves are oblong to barrel-shaped, the blade 

is hollow as a tube and maintains moisture, so the plant will withstand high sunlight, hardiness, and 

windy weather both throughout summer and winter. They are allelopathic that implies that when the 

leaves fall off and rot, they release toxins which inhibit growth of different species. Therefor it often has 

better in competition with other species and is then able to expand (Bjarnason, 2012).   

 

 

Figure 1. Crowberry (Empetrum nigrum) (Hörður Kristinsson, 2018). 

 Species of crowberries (Empetrum nigrum spp. hermaphroditum) 

The species are divided into two subspecies, E. nigrum spp. hermaphroditum, or mountain crowberry, 

which has hermaphroditic flowers, or dioecious E. nigrum spp. nigrum. The subspecies hermaphroditum 
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is most common in northerly locations like Iceland. It has bigger fruits and usually still contains stamens 

on the fruit when ripen. They have six to nine seeds. Plants as 80 years old have been found (Elvebakk 

& Spjelkavik, 1995). Crowberries consist of 0.3 g protein, 0.5 g fat, 5.3 g carbohydrates and 5.6 g fibres. 

The energy in 100g is 158 kJ (38 kcal)(Reykdal, 2009b). When processed to juice the protein and fibre 

content drop to 1% (Reykdal, 2009a). Further information for crowberry nutrients and minerals can be 

seen in table 1. 

Climate has a huge effect on distribution and ripeness of the berries. Iceland offers a milder 

climate than the name and place near the Arctic Circle would mean. A section of the Gulf Stream runs 

across the southern and western shores, markedly moderating the climate. This, however, carries gentle 

Atlantic air interaction with lower Arctic air, bringing in a weather marked by frequent shifts in weather 

and storms. Phytogeographical studies have shown evidence for Empetrum nigrum spp. 

hermaphroditum distribution pattern restricted towards the north due to the temperature regime 

(Elvebakk & Spjelkavik, 1995). Little variation in temperature can have huge impact on harvesting 

capability in late summer or autumn. Significant variation in the concentrations of different anthocyanins 

between and within crowberry populations were found in a study made in Finland suggesting the 

synthesis of anthocyanins is modified by site-specific environmental conditions (Käppä et al., 1984; 

Koskela et al., 2010).   

 

Table 3. Nutritional value in 100 grams of Crowberries (Reykdal, 2009b). 

 

 

 

Name Unit Ingredients Name Unit Ingredients

Protein g 0,3 Niacine equivalence mg 0,58

Fat g 0,5 Niacine mg 0,40

Saturated fatty acids g 0,1 Vitamin  B6 mg 0,06

Trans-fatty acids g 0 Folate ug 6,0

Cholesterol mg 0 Vitamin B12 ug 0

Carbohydrates g 5,3 Vitamin C mg 10,7

Sugars g 5,3 Calcium, Ca mg 7,7

Added sugar g 0 Fosfór, P mg 8,5

Fibres g 5,6 Magnesium, Mg mg 4,8

Alcohol g 0 Natrium, Na mg 3,9

Minerals g 0,2 Kalium, K mg 83

Water g 88,1 Iron, Fe mg 0,28

Vitamin A ug 1,1 Zink, Zn mg 0,06

Retinol ug 0 Copper, Cu mg 0,04

Beta-charotine ug 13 Iodine, I ug 0,05

Vitamin D ug 0 Selenium, Se ug 0,1

Vitamin E mg 0,1 Kadmium, Cd ug 0,3

Alfa-tocopherol (E) mg 0,1 Lead, Pb ug 1,1

Thiamin (B1) mg 0,03 Mercury, Hg ug 0,1

Riboflavine (B2) mg 0 Arsen, As ug
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 Uses of crowberries  

Crowberry consumption has been a part of the Icelandic diet since the settlements. They have been 

used to make jams, juices, wines and as colorants due to their high anthocyanin concentration. A review 

about how to make a crowberry wine is in Páls saga biskups (The Saga of bishop Páll) from the 12th 

century (Guðbrandur & Powell, 1905).  The crowberry bush was also called “lúsalyng” or louse bush 

during the 17th century because it was believed it killed fleas and other vermin’s if kept under duvets in 

bedsteads (Hörður Kristinsson, 2018).  

Extracts have also been used by native cultures as cathartic, diuretic or antidiarrheal treatment 

and to treat eye diseases (Lacramioara & Ciprian, 2016). In folk medicine, crowberries are used for the 

treatment of epileptic and paralytic states. In Russia, crowberry extract is a homeopathic drug for the 

treatment of epilepsy. It also displays astringent properties and have antifungal and antimicrobial activity 

(T. Jurikova et al., 2016). 

 

 

 

 Polyphenols as antioxidants and health promoting activity 

PPs are phytochemicals found in plants (figure 2). Phenols are responsible for the majority of the 

antioxidant activity of most plants. Phenols are a group of organic compounds whose aromatic ring is 

bonded with an alcohol group. PPs contain two or more phenols bonded together and are classified into 

four different groups based on the function of the of phenol rings they contain, and on structural elements 

that bind these rings together. 

Main classes include phenolic 

acids, flavonoids, stilbenes and 

lignans (figure 3) (K. B. Pandey 

& S. I. Rizvi, 2009). 
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Antioxidants like phenols donate or receive an electron to unstable molecules without being unstable 

themselves. The antioxidant's main purpose is to protect the organic substrate during processing or 

conversion. They are unstable molecules that contain unpaired electron in an atomic orbital and are 

highly reactive free radicals. Imbalance of reactive oxygen species (ROS) contribute oxidative stress 

and can antioxidants be important to neutralize these unstable damaging molecules (Lobo, Patil, Phatak, 

& Chandra, 2010). They can either behave as oxidants that donate an electron to other molecule, or 

reductants that accept an electron from other molecules. Hydroxyl radical (OH-), superoxide anion 

radical (O-2), hydrogen peroxide (H2O2), oxygen singlet (1O2), hypochlorite (ClO⁻), nitric oxide radical 

(·NO), and peroxynitrite radical (NO3
−) are most important oxygen-containing free radicals in many 

disease states.  With their highly reactive species they can damage the nucleus, membranes of cells, 

Figure 3. Schematic diagram of chemical structure of PPs which are divided into several 
classes according to the number of phenolic rings they contain and to the 
elements that bind them together (Y. Kim, Keogh, & Clifton, 2016). 

Figure 2. Basic polyphenol structure 
(made with ChemDraw 
©PerkinElmer 
Informatics). 
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proteins, lipids and carbohydrates (Lobo et al., 2010). Oxidative stress can cause various diseases such 

as cancer, diabetes, cardiovascular and neurodegenerative diseases.  

Measurement of total antioxidant capacity (TAC) is performed with Oxygen Radical Scavenging 

Capacity (ORAC) assay which is based on the fluorescence method for peroxy radicals and has been 

one of the most commonly used antioxidant activity assays in research and food industries (Litescu, 

Eremia, Tache, Vasilescu, & Radu, 2014; Malta & Liu, 2014). The TAC assay of extracts from several 

berries on the oxidation of methyl linoleate at 40°C showed crowberry (empetrum nigrum) being one of 

the most potent berries (figure 4). Berries with the lowest TAC such as, strawberry (fragaria ananassa), 

redcurrant (ribes rubrum), blackcurrant (ribes nigrum) and raspberry (rubus ideaus) are cultivated 

berries while berries with highest TAC are wild berries (Yanishlieva-Maslarova & Heinonen, 2001). 

 

 

Figure 4. Antioxidant activity of 70% acetone extracts from berries on the oxidation of methyl 
linoleate at 40 °C at a level of 5000 ppm on the basis of plant dry weigh (Yanishlieva-
Maslarova & Heinonen, 2001). 

 

Overnutrition is a rising problem in Western and developing countries. Back upon the time mankind 

had to spend a lot of time and energy to gather food for survival. Today groceries can easily be bought 

packed and even sent to our homes, so people do not have to walk to get the prepacked food for 

consumption. Our genome is not programmed for this sedentary lifestyle and overnutrition, leading to 

diseases called metabolic syndrome (MS). MS is a cluster of pathophysiological abnormalities including 

obesity, diabetes type 2, dyslipidaemia, and high blood pressure. It is also associated with some other 

systemic complications such as fatty liver disease, osteoarticular disease, neurological disorders, and 

cancer. The influencing factor is ROS (Samson & Garber, 2014).  
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ROS, usually generated as by-products of biological oxidation in the mitochondria, can cause 

damage to macromolecules inducing cellular dysfunction and cell death. Endogenous sources of ROS 

are the mitochondrial respiratory chain and enzymatic reactions by various enzymes. Endogenous free 

radicals are generated from immune cell activation, inflammation, mental stress, excessive exercise, 

ischemia, infection, cancer, and aging. Exogenous ROS result from overnutrition, pollution, smoking, 

alcohol drinking, metals (Cd, Hg, Pb, Fe, As), certain drugs, industrial solvents, cooking (smoked meat, 

used oil, fat) and radiation. At low or moderate concentrations, ROS are necessary for the maturation 

process of cellular structures and can act as weapons for the host defence system, supporting cell 

proliferation and survival pathways. Phagocytes (neutrophils, macrophages, monocytes) release free 

radicals to destroy invading pathogenic microbes as part of the body's defence mechanism against 

diseases (Chen, Guo, & Kong, 2012).   

Study on antibacterial effect of different plant extract showed crowberry extracts are able to reduce 

bacterial adherence and colonization in vitro and therefor may provide protection against different 

human pathogens and have clinical relevance (Hindi, 2018). 

 

 Cancer 

Cancer is among the leading causes of death in the world. In 2018, there were 18.1 million new cases 

and 9.5 million cancer-related deaths worldwide. DNA (deoxyribonucleic acid) and RNA (ribonucleic 

acid) are chemically unstable and vulnerable to oxidation and therefor sensible to turn cells into cancer 

cells. Cancer cells differ from normal cells in many ways that allow them to grow out of control and 

become invasive. They are less specialized than normal cells which mature into very distinct cell types 

with specific function, but cancer cells do not. Cancer cells can ignore signals to stop dividing or begin 

a process known as programmed cell death which the body uses to get rid of unneeded cells. This is 

why cancer cells continue to divide without stopping (NCI, 2021). Oxidative stress can lead to different 

lesions in DNA like modification of nucleotide bases promoting tumour formation by DNA mutations. The 

impact of ROS in carcinogenicity is by regulating tumour development and signalling pathways for cell 

progression, controlling tumour suppressor expression, mediating angiogenesis, regulating chronic 

inflammation, favouring metastasis, tissue invasion, and avoiding cellular death.  

 

 Obesity, and diabetes  

High levels of hydrogen peroxide (H2O2) promote insulin signalling and induces its metabolic actions. It 

uses the same pathway as insulin and causes downstream propagation of the signal produced by its 

typical metabolic actions. H2O2 increases glucose uptake by adipocytes and muscles (Higaki et al., 

2008). Insulin receptor substrate (IRS) protein and the insulin receptor (IR) play a critical role in insulin 

binding and signalling. Normally in physiological state, IRS is distributed between cytosol and internal 

membrane pools whereas after insulin stimulation IR and IRS are phosphorylated through activated 

insulin receptor kinase. This process induces typical metabolic effect of insulin such as increased 

glucose uptake. On the other hand, in conditions of oxidative stress, stress-responsive signalling 
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cascades are activated. This leads to release of modified IRS from internal membrane pools that are 

vulnerable to protein degradation. This leads to a condition where insulin fails to gain normal metabolic 

effect because IRS molecules are decreased. 

Animal studies of obese mice show increased H2O2 production by adipose cells prior to diabetes 

onset. Obesity and the related insulin resistance are often connected with increased accumulation of 

lipids in the liver. ROS can directly modify the expression of adiponectin, a hormone involved in 

regulating glucose levels and fatty acid breakdown, secreted from adipocytes. Adiponectin, the most 

abundant plasma adipokine, plays an important role in the regulation of glucose and lipid metabolism. 

Adiponectin also possesses anti-inflammatory, angiogenic, and vasodilatory properties which may 

influence central nervous system disorders. Moreover, since adiponectin also acts as an insulin-

sensitizing hormone in muscle and liver, lower levels of adiponectin further contribute to peripheral 

insulin resistance in obesity because, adiponectin is oppositely correlated with fat mass. Plasma and 

urinary lipid peroxidation markers, indicators of oxidative stress in the body, have been correlated with 

lower circulating levels of adiponectin. Adipose tissue is considered as metabolically active as having 

impact in the regulation of homeostasis with significant pathological effects caused by obesity. The role 

of adipose tissue having impact on systemic inflammation is an interesting research field both regarding 

diabetes and cardiac diseases. Adipose tissue is infiltrated by bone marrow macrophages that secrete 

adipokines and cytokines into the blood circulation leading to a chronic inflammation. Obese subjects 

have higher level of oxidative stress biomarkers compared to lean subjects. Some studies in humans 

have evidenced the critical role of oxidative stress in insulin resistance states like metabolic syndrome, 

obesity and diabetes type 2 (Stadler, 2012). The collapse of the antioxidant capacity and increased 

production of ROS with oxidation products of lipids, proteins and DNA has been reported in urine and 

plasma and various tissues indicating systemic and organ-specific oxidative stress.  

Obesity is associated with comorbidities like hypertension, diabetes, and hyperlipidaemia which each 

alone can cause oxidative stress. In obese subject these comorbidities often happen simultaneously as 

in the case of metabolic syndrome. Eating balanced diet rich in PPs and being physically active reduces 

oxidative stress but unfortunately this protection is less effective among obese subjects who are often 

more sedentary. Over time chronic oxidative stress leads to cumulating effects leading to end-organ 

damage and death (Bonomini, Rodella, & Rezzani, 2015). 

 

 Cardiovascular diseases  

Imbalance between ROS, generated by multiple cellular sources, and antioxidant defence mechanism 

contributes to hypertension in humans and animals. Superoxide anion (O-H) is produced when 

angiotensin receptors are stimulated. It is the predominant ROS species produced by tissues 

neutralizing nitric oxide leading to a downstream production of ROS like hydrogen peroxide (H2O2), 

hydroxyl radicals OH-, and per oxynitride, ion with the formula ONOO− and an unstable structural isomer 

of nitrate, NO-3. In a condition like hypertension there is an impaired balance between endogenous and 

exogenous antioxidants, increased plasma oxidative stress, and an exaggerated oxidative stress 

response to various stimuli. ROS directly damage endothelial cells and degrade nitric oxide produced 
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by nearly every type of cell in the human body and one of the most important molecules for blood vessel 

health because its vasodilation effect, relaxing the inner muscles of blood vessels, causing the vessels 

to widen leading to increased blood flow and lower blood pressure.  

Atherogenic dyslipidaemia is a cluster of metabolic syndrome abnormalities. The tree major 

components of dyslipidaemia that occur in metabolic syndrome are higher triglyceride rich protein levels, 

decreased high density lipoprotein (HDL), and elevated low-density lipoprotein (LDL). LDL is called “bad 

cholesterol” because high LDL level leads to a build-up of cholesterol in arteries, and low level of HDL, 

is called “good cholesterol” because it carries cholesterol from other parts of the body back to the liver. 

Atherosclerosis is defined as an arterial disease characterized by fibrous and cholesterol rich plaques. 

It causes blood flow obstruction leading to strokes or myocardial infarction (Rosângela F.F de Araújo, 

2016). A correlation between elevated LDL and low HDL and oxidative stress is well established (de 

Oliveira et al., 2011). These findings support the importance of polyphenol rich diet (figure 5). 

 

 

Figure 5. Schematic relationship between ROS production, accelerated senescence and 
metabolic syndrome (Bonomini et al., 2015). 

 

 The role of polyphenols against oxidative stress 

The role of PPs like antioxidants is prevention of some chronic diseases. Recent epidemiological 

research has shown a correlation between the consumption of PPs and chronic diseases where the 

primary factor is oxidative stress (Durazzo et al., 2019; K. B. Pandey & S. I. Rizvi, 2009). The interest in 

knowing the type, quantity, number, and effects of various fruits and vegetables has become an 

intriguing study topic. In a study made in 2013 it suggests diet rich in fruits are the third most important 

factor for reducing the risk of diseases caused by oxidation in behavioural and diet risk factors for 

noncommunicable diseases (Ezzati & Riboli, 2013). In another study made in China between 2004 and 

2008 where fruit intake is low, and rates of stroke are high, half a million of adults were recruited aged 

30 to 79 years. 18.0% of participants that reported consuming fresh fruits daily were compared with 
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participants who never or rarely consumed fresh fruit. Those who ate fresh fruit daily had lower systolic 

blood pressure (by 4.0 mm Hg) and blood glucose levels (by 0.5 mmol per litre). The adjusted hazard 

ratios for daily consumption versus nonconsumption were 0.60 for cardiovascular death, 0.75 for 

ischemic stroke, and 0.64 for haemorrhagic stroke. There was a strong loglinear dose-response 

relationship between the incidence of each outcome and the amount of fresh fruit consumed. Thus, 

among Chinese adults, a higher level of fruit consumption was associated with lower blood pressure 

and blood glucose levels (Du, 2016). 

In a clinical study of antioxidant activity in crowberries, 51 healthy volunteers participated, and 

consumed 2 grams of powdered crowberry daily for 4 weeks. The results showed that regular crowberry 

consumption caused a significant increase in total antioxidant status and superoxide dismutase, the 

enzyme that alternately catalyses the dismutation of the superoxide radical into ordinary molecular 

oxygen and hydrogen peroxide. There was a difference in levels of antioxidant markers and lipid profiles 

which were taken before and after the crowberry intake. The levels of homocysteine, catalase, 

triglyceride, and LDL significantly decreased (Park, Lee, Han, Lee, & Lee, 2012).  

 

 Phenolic components in crowberries 

Predominant PPs in crowberries are flavonoids which can be subdivided to flavones, flavonols, 

flavanones, flavanonols, flavanols, anthocyanins and chalcones (figure 3). The flavonols quercetin and 

kaempferol and the flavan-3-ols epicatechin and proanthocyanidins, along with anthocyanins are the 

dominant chemicals. They are all derived from the aromatic amino acids phenylalanine and tyrosine and 

have three ringed structures. Variation in flavonoid structure arises from the scale pattern of 

hydroxylation, prenylation, alkalinization and glycosylation reactions that alter the basic molecule 

(Guasch-Ferré, Merino, Sun, Fitó, & Salas-Salvadó, 2017; Panche, Diwan, & Chandra, 2016).  

Anthocyanins, the main PPs in crowberries, are a group of water-soluble pigments which confer the 

blue, purple, and red colour to many fruits and vegetables (figure 7). The total amount of anthocyanins 

in black crowberry fruit was the highest among nine other analysed berries (Ogawa et al., 2008).  
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Figure 6. Visible colour range from common anthocyanidins (Ananga, Georgiev, Ochieng, Phills, 
& Tsolova, 2013).  

 

 

 Preservation of polyphenols 

Antioxidants of some fruits and vegetables may be lost during handling after harvest, such as minimal 

processing and storage. Postharvest treatments show positive and promising results to maintain fruit 

and vegetable antioxidant potential. Antioxidants are unstable and easily oxidized by their surroundings 

which minimizes their health promoting activity. The stability of PPs during storage is dependent of both 

chemical structure and environment. Preventing degradation is of a great importance. If heating and 

cooling techniques are combined and minimum exposure to UV-light, PPs can be preserved without 

additives for months to years (Sancho-Madriz, 2003). The PP chemical structure matters, pH, 

temperature, oxygen, light, and the extraction method. Enzymes, proteins, and metallic ions in the 

sample can all affect the preservation. For many plant products the PP composition is much less known 

and factors such as ripeness at the time of harvest, environmental factors and storage may all be 

important factors in TPC. The stability of 12 anthocyanins in crowberry juice were followed during 

storage at room temperature by varying the content of oxygen, ascorbic acid (AA) and Fe3+ and Al3+ 

ions supplementation. The half-life (t1/2) of pure untreated crowberry juice was 4-6 weeks but when 

oxygen was removed the stability improved by factor 3 - 4. Fe3+ and Al3+ supplementations improved the 

stability of all the anthocyanins (Käppä et al., 1984). 

Microencapsulation technique to increase antioxidant stability of PPs in black chokeberry (Aronia 

melanocarpa) juice and wine, with high amount of PPs like anthocyanins, was used as a preservation 

method. Coating material was HP-β-cyclodextrin, maltodextrin and arabic gum. The time frame which 

the sample retains its bioactivity is one of the most important criteria for evaluating PP microcapsule 

quality. Microstructure and physiochemical properties of the spray dried samples were kept in standard 

glass tubes filled with microcapsules and sealed and stored for 12 months under different temperature. 

The storage stability of PPs were increased by microencapsulation using HP-β-cyclodextrin which 

makes it a promising preservation method (Wilkowska, Ambroziak, Adamiec, & Czyżowska, 2017). 
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 Water blanching 

Blanching is a cooking technique used to deactivate enzyme activity by reducing the enzymatic browning 

involved in fruit degradation (figure 7). Enzymes like peroxidase, lipoxygenase and chlorophyllase cause 

browning effect which may cause bad smell and reduce nutritional value of the fruits. Preventing the 

oxidization activity of AA is additionally vital. The blanching time is crucial and varies between fruits and 

vegetables. Research where antioxidant activity and browning effect of free and bound phenolic 

compounds of peelings of banana, orange, apple, and mango, were studied after 1-, 3-, and 5-minutes 

microwave-blanching at 720W. The results showed correlation between increased blanching time and 

significant increase of total polyphenol content (TPC), both in free and bound fractions. The increase of 

antioxidant activity at 3- and 5-minutes varied with the type of fruit. Browning effect decreased with 

blanching time and generally was found to preserve antioxidant activities of the fruit peels (Feumba 

Dibanda, Panyoo Akdowa, Rani, Metsatedem Tongwa, & Mbofung, 2020). 

Over blanching can lead to loss of vitamins and minerals. Under blanching may 

be worse than no blanching because it speeds up the activity of enzymatic activity 

(Bevilacqua, D’Amore, & Polonara, 2004). Excess heating causes considerable 

losses of nutritional qualities and can make the fruit look and taste worse. PPs may be lost caused by 

disruption of the plant tissue and reciprocal interconversion of insoluble phenols into to more soluble 

form can cause even more loss. Free PPs leach out faster in the water when compared to bound PPs. 

This emphasizes the important role of heat that causes PP mass transfer. Therefor correct blanching 

time profiling with respect to PPs and nutrient losses is very important. Many studies have reported that 

high temperature by water blanching could weaken or disrupt the physical barriers that enclosed 

nutrients, resulting in the release of them and augmented bio accessibility. It can also remove the natural 

waxy layer of the fruit (Knockaert, Lemmens, Van Buggenhout, Hendrickx, & Van Loey, 2012). From the 

perspective of food safety higher blanching temperatures are 

recommended in order to eliminate surface microflora and to 

inactivate enzymes for further storage such as freezing (Abu-

Ghannam & Jaiswal, 2015).  

According to study on Samnaul (Aruncus dioicous var. 

kamptschaticus) which is an edible wild vegetable and 

medicinal plant grown in Korea known for specific flavour, a 

high level of dietary fiber and minerals, and superior nutritive 

quality, blanching at 98°C for 30 seconds was enough to 

increase or maintain nutritional quality, were oxidative enzyme 

activities and microorganism numbers are decreased  (A.-N. 

Kim et al., 2020). 

 

Figure 7. Crowberries blanched 
in boiling water. 
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 Freezing 

Freezing is one amongst the most typical preservation methods used to maintain nutritional value of 

fruits. The process involves lowering the temperature usually to -18°C or below. Microorganism growth 

and chemical changes that have an effect on the quality of the fruit are slowed down because oxidation 

and respiration is weakened by low temperature (Mazzeo et al., 2015).   

Water activity (aw) is the key element of freezing (figure 9). It measures available water within the 

fruit. When part of the water in the fruit is frozen, unfrozen water extends, lowering the aw. Higher activity 

means more energy and water will do more harm so by lowering the activity by transforming the water 

from liquid to solid solute (ice crystals), chemicals dissolved in water bind the water molecules and make 

them unobtainable for microorganism to use to grow. Sometimes it stops microbial growth but does not 

kill the bacteria (Sancho-Madriz, 2003). 

Freezing causes crystallization of intra and extracellular. The ice crystals made changes the water 

transportation across cell membranes and in the endomembrane system of cells. The physical and 

chemical damage generated in freezing causes volumetric expansion resulted from the crystallization 

of water (figure 10). The rate of freezing has an influence on the size and distribution of ice crystals 

formed. Freezing at high rates normally forms intracellular ice crystals, while at low rates, intracellular 

water leaves the cell to form extracellular ice crystals that lead to cell dehydration (Li, Zhu, and Sun 

(2018). 

 

 

 

 

Figure 8. Schematic illustration of how water activity affects various degradative processes 
(Pittia & Antonello, 2016). 
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Figure 9. Light micrograph (A) and transmission electron micrograph (B) of cell wall 
microstructure before and after freezing thawing of mango. CW, cell wall; ICS, 
intercellular space; ML, middle lamella (Charoenrein, 2018). 

 

 

 Polyphenol extraction in alcoholic solution 

Polyphenols (PP) can be extracted from pulp with ethanol solution which is a polar solvent. The 

extraction yield depends on the solvent with varying polarity, pH, temperature, and extraction time (C. 

Sun, Wu, Wang, & Zhang, 2015).  

A wide range of solvents like ethanol, methanol, water and acetone, or their mixtures with distilled 

water, have been studied for their extraction efficiency due to their differences in polarities. Ethanol has 

been known as a good solvent for polyphenol extraction and is safe for human consumption. Methanol, 

acetone, and water alone are inefficient solvents for extraction of total phenols from plant as PPs are 

associated with other biomolecules like proteins, polysaccharides, terpenes, chlorophyll, lipids, and 

inorganic compounds. Methanol has been generally found to be more efficient in extraction of lower 

molecular weight polyphenols, whereas aqueous acetone is good for extraction of higher molecular 

weight flavanols. When water is combined with ethanol it may facilitate the extraction of chemicals that 

are soluble in water and organic solvent. This might be the reason why yields of aqueous ethanol is 

higher than of pure ethanol (Do et al., 2014). Knowing the pH of a solution can be important regarding 

to stability and absorption of PPs which can depend on it.  
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 Analysis of total phenols by means of Folin-Ciocalteu reagent 

The Folin-Ciocalteu (F–C) method is widely used in clinical and nutritional studies to measure the total 

polyphenol content in plants or plant derived food. Phenolics may include simple phenols, phenolic 

acids, flavonoids, tannins, lignans and lignin’s of the plant kingdom. Quantitative determination of PPs 

is hampered by their structural complexity and diversity and therefor several methods have been used 

to determine PPs in plant extracts.  

Colorimetric reactions are widely used in spectrophotometric methods which is easy to perform, 

rapid, cheap, and applicable in routine laboratory use. PPs in plant extracts react with specific redox 

reagents, Folin-Ciocalteu reagent (FCR), to form a blue complex that can be quantified by visible light 

spectrophotometry. This reaction is based on electron transfer that measures the reductive capacity of 

PPs or an antioxidant. The F–C reagent is a mixture of phosphotungstic acid (H3PW12O40) and 

phosphomolybdic acid (H3PMo12O40), which is freely soluble in water and polar organic solvents such 

as ethanol. It reacts with phenols to form chromogens which can be detected spectrophotometrically. 

The alkaline conditions formed in this redox reaction display a blue colour complex (PMoW11O40) 

proportional to the concentration of PPs (figure 11 and 12). Gallic acid standard calibration curve is 

made to combine the absorbance of TPC in the sample giving the results in Gallic acid equivalent (GAE). 

 

  

Figure 10. Folin-Ciaocalteu reaction 

 

Maximum absorption of the chromophores depends on the alkaline solution and the concentration of 

phenolic compounds, therefor sodium carbonate (Na₂CO₃) is used to reach pH 10, but this reagent 

rapidly decomposes in alkaline solutions which make it necessary to use high quantity of the reagent to 

obtain a complete reaction. This excess can result in precipitates making spectrophotometric analysis 

difficult to make. To solve this problem F-C include lithium salts in the reagent to prevent the turbidity. 

The reaction temperature matters to reduce the time to reach the maximum colour. FCR is though not 

specific and detects all phenolic groups and antioxidants like ascorbic acid (AA). But by holding high 

significance in measuring antioxidant capacity, the reagent is popular in food assay and supplements in 

food science (Lamuela-Raventós, 2018; Rangel, Benavides Lozano, Heredia, Cisneros-Zevallos, & 

Jacobo-Velázquez, 2013).  
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Figure 11. Diagram showing the reduction of the Folin–Ciocalteu reagent caused by the 
oxidation of the phenolics in a sample [Colour figure can be viewed at 
wileyonlinelibrary.com]  

 

 

 Other techniques for TPC analysis 

Heteropoly acids a class of acids made up of a combination of hydrogen and oxygen with particular 

metals and non-metals have for a long been used in analysis and histology and are components of 

many reactions. Many studies have discussed the use of the FCR to determine PPs, and the general or 

specific value of the method, because some specific details may be modified.  

Soxhlet, heated reflux extraction and maceration are conventional procedures extensively used to 

recover phenolics from solid samples. Whereas there are numerous positive aspects of this method 

there are significant disadvantages. They may include the need for uses of large amounts of hazardous 

organic solvents which are environmental toxins, the extraction time is long interfered with and 

degradation of targeted components due to both internal and external factors such as light, air, high 

temperatures and enzymatic reactions and is not suitable for food analysis.  

High performance liquid chromatography (HPLC) is preferred for both separation and quantification 

of phenolic compounds. Various factors affect HPLC analysis of phenolics, including sample purification, 

mobile phase, column types and detectors. Normally, HPLC sensitivity and detection is based on 

purification of phenolics and pre-concentration from complex matrices of crude plant extracts. The 

purification stage includes removing the interfering compounds from the crude extract with partitionable 

solvents and using open column chromatography or an adsorption-desorption process (figure 13). As 

HPLC measures individual chemical complexes, it is more complex method than F-C. 

The ABTS ((2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) assay is considered one of the 

most sensitive techniques to identify antioxidant activity. It is because of the fast response of 

antioxidants reaction kinetics. This method is based on the ability of an antioxidant to stabilize the ABTS 

coloured cation radical. When electron transfer mechanism occurs, discoloration takes place after the 

ABTS is reduced by antioxidant which makes it possible to evaluate the percentage of inhibition which 

is determined as a function of the antioxidant concentration and reaction time. The results are expressed 

as equivalents of Trolox or TEAC (Trolox Equivalent Antioxidant Capacity). TEAC values are reported 
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for a wide range of foods that allows comparisons to be made, it can be used in a wide range of pH and 

ionic strengths. ABTS is soluble both in aqueous and organic solutions, which allows measurement of 

hydrophilic and lipophilic antioxidants with high precision, even in highly pigmented compounds. These 

factors make this technique suitable in many cases. However among the disadvantages of this 

technique is the previous generation of ABTS, which must be previously generated from a chemical 

reaction, and the reaction kinetics with some antioxidants can be slow and can therefor lead to errors in 

the determination of antioxidant capacity (Hernández-Rodríguez, Baquero, & Larrota, 2019). 

The F-C assay is simple to perform, straightforward and yields consistent results. The similarities 

between the F-C and the ABTS assay suggest that the F-C assay, like the ABTS assay, may be useful 

for assaying compounds of biomedical interest for antioxidant activity. The F-C method has the 

advantage of not requiring an overnight incubation time for preparation of reagents that can lead to 

errors. Phenolics are the most abundant antioxidants present in plants and therefore, the F-C assay 

gives a good estimation of TPC. Crude plant extracts can though contain interfering compounds like, 

AA, dehydroascorbic acid and reducing sugars like glucose and fructose that can react with the FCR 

and can deviate the accuracy of the assay. More precise assays specific for phenols need to be explored 

(Lamuela-Raventós, 2018; Rangel et al., 2013). 

 

 

Figure 12. Schematic diagram of High performance liquid chromatography (HPLC) mechanism 
(Khoddami, Wilkes, & Roberts, 2013) 
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3 Research methodology   

 Berry sampling  

 First sampling  

Crowberries were picked with a berry picker on September 3rd, 2017, in South Iceland 63°40'18.8"N 

19°57'12.2"W. Outside temperature was 14°C and humidity 82%. Berries were kept in an icebox with 

the temperature 8-12°C at the harvesting place. Later they were stored in a refrigerator for four days at 

8°C. On September 7th, the blanching procedure took place. The berries were rinsed with cold tap water 

and by-products such as moss, branches and dirt were cleaned away. 5 L of tap water was heated to a 

boiling point in an aluminium pot. 200 grams of berries were placed in the boiling water in a sieve for 

either 1, 2, 3, or 4 minutes. After the blanching, the berry samples were cooled in a cold tap water.  Non-

blanched samples were also kept for comparison. Philips HR1922 centrifugal juicer was used to 

separate juice and pulp and samples kept in freezer at -24°C (figure14). A large amount of juice was left 

with the pulp after separation, so the procedure was redone with an Exido G5518 slow juicer, which 

separated the juice from pulp with much better results than a centrifugal juicer (figure 15). 

 

 

Figure 13. Centrifugal juice used after first sampling.  
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Figure 14. Working procedure after first sampling. 
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 Second sampling 

Crowberries were harvested at the same place on October 1st, 2017. Kept in an icebox at 8°C for several 

hours, stored in a refrigerator at 4°C until the day after when they were washed and cleaned, blanched 

for 1 to 4 minutes and juice and pulp separated as before but with a better slow juicer (see procedure in 

chapter 3.1.1). Each berry sample was preserved as whole berries, which were separated into juice and 

pulp on the day of measurement, or separated samples of juice and pulp, to evaluate if PPs preserve 

better either way. Each sample was divided into four parts ready for thawing on the day of measurement. 

Samples were kept isolated in a zip locker plastic bag at -24°C. TPCs were measured by F-C method 

after 2 months storage and measurement repeated after 12 months storage (figure 16). The pH 

measurements were performed with a pH electrode (SE 104 Mettler Toledo GmbH, Greifensee, die 

Schweiz) connected to a Knick pH meter (Portames 913 pH, Knick, Berlin, Germany). The electrode 

was immersed in the minced samples at 20 ±2°C. 

 

 

 

 

Figure 15. Working procedure for second sampling. 
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 Ethanol extraction ratio determination 

PPs can be extracted from fruits and vegetables in ethanol 

solution, either pure or mixed with purified water, or just 

purified water. To determine the most effective solution 

ratio, five different ethanol/water solutions were tested: 

100% ethanol, 75% ethanol(aq), 50% ethanol(aq), 25% 

ethanol(aq) and 100% purified water. 0.2 g of each sample 

was placed in a 5 mL test tube with 4 mL of each of the five 

different ethanol/water ratio solution and kept for 30 

minutes in a container with 40°C warm water. The 

extraction solutions were diluted tenfold prior to TPC 

determination (figure 16). 

 

 

 

 

 Determination of total phenolics by Folin-Ciocalteu method, 
preparation of solutions, and analytical measures 

The number of total phenolics was determined using the Folin-

Ciocalteu (F-C) method. 7.5 g of sodium carbonate (Na2CO3) 

(SigmaAldrich) was added to 100 ml of purified water in a 100 ml 

round-bottom flask. 1 ml of Folin-Ciocalteu solution (SigmaAldrich) 

was added in 9 ml of purified water in 10 ml round-bottom flask 

wrapped with aluminium foil to protect the solution from light. 

20 g of each sample was pipetted threefold in wells in a 

microplate. 100 g of the F-C prepared solution (SigmaAldrich) was 

added to the samples in the wells and kept at room temperature for 5 

minutes. 80 g of Na2CO3 solution (SigmaAldrich) was pipetted to the 

samples in the microplate and the microplate heated for 10 seconds 

at 750W in microwave (figure 17). After being stored for 30 minutes 

in a dark space at room temperature, absorption was measured at 

700 nm with a spectrophotometer microplate reader (Sunrise 

Remote, Tecan. Austria). pH of each juice sample was measured.  

75% ethanol(aq) had the greatest extraction yield of PPs and lowest 

standard deviation. It is a common solution ratio in other studies 

analysing total polyphenol concentration in berries (Ogawa et al., 2008; 

Saague et al., 2019) and was used in this research 

Figure 16. Crowberry extracts diluted ten-fold. 

Figure 17. Microplates with diluted 
crowberry extracts mixed 
with F-C reagent. 
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 Determination of calibration curve of gallic acid 

A calibration curve of gallic acid (ranging from 0.005 to 0.05 mg/ml) was prepared and the results, 

determined from regression equation of the calibration curve y = 6.3687x – 0.0581 R2 = 0.9906, were 

expressed as mg gallic acid equivalent (GAE) per gram of the sample (figure 18). Absorption was 

measured at 700 nm with a spectrophotometer microplate reader (Sunrise Remote, Tecan. Austria). All 

the analysis was triplicated, and the results calculated as equivalents (GAE) per gram/ml. 

 

Figure 18. Calibration curve of gallic acid. Results determined from regression equation 
expressed as mg gallic acid equivalent (GAE). 

 

 Statistical analysis by One-Way ANOVA 

All the analyses were done in triplicate and the values were presented as an average value together 

with standard deviations. Data was analysed by using statistical computation with one-way analysis of 

variance (ANOVA) with Vassarstats.com (©Richard Lowry 1998-2021). p values <.0.5 were considered 

as significant. Further information can be found in table 3 in Appendixes. 
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4 Results 

 Ethanol extraction 

Ethanol extraction experiment was carried out to evaluate which ratio of ethanol and deionized water 

solution had the greatest extraction yield for polyphenols (PP) in crowberries. Solution containing 75%(aq) 

ethanol had the greatest extraction yield (figure 19). 

 

 

 

 

Figure 19.  Ethanol extraction experiment. Total phenolic content (TPC) extraction yield with 
different ethanol/water ratio solutions.  
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 Control samples 

 Pulp 

First polyphenol (PP) measurement was made on samples prior to freezing (control). Total phenolic 

content (TPC) was highest in unblanched pulp (p<.05). As it begins to drop when blanched, 1 minute 

blanching had less loss than 2 minutes of blanching but then it reached plateau (p<.05) (figure 20).  

 

 

Figure 20.  Total polyphenol contents (TPC) in pulp before freezing.  

 

 Juice  

Unblanched juice had the lowest TPC. After 1 minute blanching TPC increased and increased more in 

samples blanched for 2 minutes. TPC dropped in samples blanched for 3, and 4 minutes (p<.05) (figure 

22). 

 

Figure 21. Total polyphenol content in juice before freezing.  
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 Pulp 2 months preservation 

After 2 months preservation, at -24°C, samples blanched for 1 minute had highest TPC, both in pulp 

from berries preserved whole (BPW) and in samples where pulp and juice were separated (PJS) prior 

to preservation. After blanching, pulp (PJS), always had higher TPC than pulp (BPW) (p<.05). In PJS 

samples TPC was highest after 1 minute blanching and drops until blanched for 4 minutes where it 

increased again. BPW samples followed similar trend as PJS but did not have a high peak after 1 minute 

blanching and unblanched samples had the highest TPC (p<.05) (figure 23).  

 

Figure 22. Total phenolic content (TPC) in pulp after 2 months preservation. 

 Pulp 12 months preservation 

After 12 months in freezer at -24°C TPC continued to drop. In PJS samples 1 minute blanching had the 

highest TPC and then began to drop (p<.05). When BPW unblanched samples had the highest TPC 

and continued to drop except after 2 minutes blanching when it increased and had the same TPC value 

as PJS sample blanched for 2 minutes (p<.05) (figure 24). 

 

Figure 23. Total polyphenol content (TPC) in pulp after 12 months preservation. 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

0 1 2 3 4To
ta

l p
o

ly
p

h
en

o
l c

o
n

te
n

t 
(m

g/
g)

Blanching time (minutes)

Separated pulp Whole berries pulp

0.00

5.00

10.00

15.00

20.00

25.00

30.00

0 1 2 3 4

To
ta

l p
h

en
o

lic
 c

o
n

te
n

t 
 

(m
g/

g)

Blanching time (minutes)

Prepared Whole



26 

 Juice 2 months preservation 

In juice PJS, TPC is highest in blanched samples but drops after 2 min blanching and increased again 

in samples blanched for 3, and 4 minutes. TPC is higher in samples PJS but very little difference was in 

samples blanched for 2 minutes when TPC in PJS drops and has lower value than other blanched 

samples. In BPW samples TPC increased with increased blanching time (p<.05) (figure 25). 

 

 

Figure 24. TPC in juice after 2 months preservation. 

 Juice 12 months preservation 

After 12 months preservation samples from PJS and BPW alternate to have higher TPC. PJS had the 

highest TPC peak after 3 minutes blanching and BPW after 2 minutes blanching. Both samples followed 

the trend to have increased TPC with increased blanching time with some variations (p<.05) (figure 26). 

 

 

 

Figure 25. Total polyphenol content (TPC) in juice after 12 months preservation. 
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 pH in juice 

In control samples pH is slightly lower in unblanched juice. pH dropped a little after 2 months 

preservation and increased after 12 months (3.84 ± 0.11) (figure 27). 

 

 

 

Figure 26. pH value in juice as a function of blanching time. 
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5 Discussion and conclusion  

 Control samples  

The results presented in this research regarding preservation of polyphenols (PP) in crowberries show 

that the highest level of total phenolic content (TPC) is in the pulp where the crowberry keeps it vacuoles 

filled with anthocyanins when ripen (figure 28). Ethanol extraction experiment was carried out with 5 

different ethanol/water solutions, ranging from pure ionized water (0%), (25%) ethanol/water solution, 

(50%) ethanol/water solution, (75%) ethanol/water solution to (100%) pure ethanol.  The greatest 

extraction yield was in (75%) ethanol solution and was used in this research.   

Solvent is one of the most relevant factors in extraction efficiency. Methanol in water is a very 

effective mixture for phenolic compounds extraction but it is important to use solvents that are 

environmentally friendly and harmless to human health. Ethanol and water are GRAS (Generally 

recognized as safe) solvents and practical to use. 

  Before freezing at -24°C TPC is highest in unblanched pulp. Blanching changes cells physically 

and metabolically so water and solutes can pass in and out of it. PPs leach to the water or becomes 

more available within the berry cells for TPC measurement. Thermal degradation makes pulp cells more 

permeable, and tissues disrupt. Heat can also affect subcellular organelles making them free to interact 

within the cell (figure 29) (Fellows, 2009). 

 

Figure 27. Segment of ripen crowberry pericarp (bar=50 μm). AG-anthocyanins globules, Es-
endosperm, Vs–vacuoles, Ep–epidermis, Hy–hypodermis (Tunde Jurikova et al., 
2020). 
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Figure 28. Effect of blanching on cell tissues. Alterations in cytoplasmic membranes (CM) and 
cell walls (CW). Starch (S) is gelatinized, pectin (P) modified, nucleus (N) and 
cytoplasmic proteins (C) denatured and chloroplasts and chromoplasts distorted 
(Canet & Alvarez, 2005).  

 

In control samples TPC was highest in unblanched pulp as mentioned before and begins to drop after 

1 min blanching, TPC decreases more after 2 minutes blanching but then reaches a plateau. TPC was 

always higher in unblanched samples than blanched (1-4 min) (p<.05).   

Comparing the control samples from juice, blanched sample have higher levels of PPs than 

unblanched which supports the theory of PP leaching out of pulp cells during heating. The same 

difference (p<.05) is between unblanched juice samples, as in pulp, vs blanched (1-4 min) repeating the 

pattern but oppositely to TPC of the juice. Some PPs are also leached into the blanche water. 

 

 

 

 

 

 

 

 

 



30 

 Pulp 

 Total phenolic content (TPC) comparison in pulp preserved separated 
from juice (PJS) and  in pulp from berries preserved whole (BPW) after 2, 
and 12, months preservation. 

When total phenolic content (TPC) in pulp from samples preserved separated (PJS) after 2, and 12, 

months preservation is compared there is loss of polyphenols (PP) from 2 months to 12 months 

preservation. Samples blanched for 3 minutes stand out where there is very little difference in TPC from 

2 months to 12 months preservation (p<.05). 1 minute blanching gave the highest TPC value (p<.05) 

(figure 30). 

 

 

Figure 29. Total phenolic content (TPC) in pulp preserved separated from juice after 2, and 12, 
months. 

 

If berries are preserved whole there is much less TPC drop between 2, and 12, months than if the pulp 

is preserved separated from the juice. TPC is though lower than if it is preserved separated (p<.05) 

(figure 31).  
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 Pulp preservation yield between control vs 2 months and control vs 12 
months  

Gain in TPC is not necessarily an indicator for preservation potential. When TPC levels from control 

samples are compared to samples preserved at -24°C for 2 months great increase in TPC samples 

blanched for 2 min are seen (figure 32). This gain is caused by cell disruption that happens during 

freezing. When cells are frozen the water in the cells freezes, ice crystals are made, an expansion occurs 

which causes the cell wall to rupture and PPs like anthocyanins leach out of the cell components making 

them more exposed to analysing. The texture of berry cells is softer after thawing when compared to 

non-frozen (Schumann & Knoche, 2020). The same goes after 12 months in freezer, 2 minutes 

blanching gives the highest TPC yield (figure 33).  

 Pulp preservation yield between 2 months vs 12 months 

If samples preserved for 2 months are compared to 12 months most of the cell disruption by freezing 

has occurred and the real difference in preservation yield can be explored where 3 minutes blanching 

has the least TPC loss indicating 3 min blanching deactivates destructive enzymes protecting PPs for 

degradation (figure 34). 
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Figure 30. Total phenolic content (TPC) in pulp from berried preserved whole 
(BPW) after 2, and 12, months. 
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Figure 31. Pulp total phenolic content increase or decrease (%) after 2 months preservation 
compared to control. 

 

 

Figure 32. Pulp total phenolic content increase or decrease (%) after 12 months preservation 
compared to control. 
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Figure 33. Pulp total phenolic content (TPC) increase or decrease (%) after 2 months compared 
to 12 months. 

 

  Juice  

 Total phenolic content (TPC) comparison in juice preserved separated 
from pulp (PJS) and juice from berries preserved whole (BPW) after 2, 
and 12, months preservation. 

Juice is the most popular product of crowberries but as this research shows it has much lower TPC than 

pulp. Better PP preservation is in juice preserved in whole berries (BPW), but the results are not as 

decisive as from pulp PJS. The difference of TPC from 2 months to 12 (both PJS and BPW) is little but 

is slightly lower after 12 months (p<.05) (figure 35). 

 

 

 

Figure 34. Total phenolic content (TPS) in juice preserved separated from pulp (PJS) after 2, 
and 12, months preservation. 
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Figure 35. Total phenolic content (TPC) in juice from berries preserved whole (BPW) after 2, 
months and 12, months preservation. 

 Juice preservation yield between control vs 2 months and control vs 12 
months.  

In juice samples PJS, TPC levels are higher compared to control after 2 months preservation in all 

blanching samples except 2 minutes blanching where there is a drop in TPC (figure 37). In samples 

BPW there is a drop in TPC in 0, 1, and 2, min blanching but a little increase in samples blanched from 

3 and 4 minutes which in samples PJS has the greatest TPC making them the preferred blanching time. 

If looked at TPC difference in samples kept for 2 months vs 12 months, 2 min blanching has the least 

loss and the rise in unblanched sample BPW is the odd factor (figure 38). 

 

 Juice preservation yield compared after 2 months vs 12 months. 

If TPC change (%) is considered, 3 min blanching has the greatest TPC preservation yield if PJS after 

2 months. PJS always gives better outcome than BPW except for 2 min blanching where it drops. In 

samples from BPW, 3 and 4 minuntes blanching give better preservation (%) yield than 0, 1, and 2 

minutes blanching. After 12 months unblanched BPW samples and 3 min PJS give the highest TPC 

(%).  Comparing the period of 2 months to 12 months, 2 min blanching  has the least TPC loss except 

for unblanched BPW samples which gains TPC between the period (figure 39).  
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Figure 36. Total phenolic content (TPC) increases or decrease (%) in juice after 2 months 
compared to control. 

 

 

Figure 37. Total phenolic content (TPC) increases or decrease (%) in juice after 12 months 
compared to control. 
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Figure 38. Total phenolic content (TPC) change (%) from 2 months to 12 months. 

 pH in juice 

pH is an important quantity that reflects the chemical conditions of a solution. The pH scale is used to 

measure the acidity or alkalinity of a sample. It describes how many hydrogen ions or hydroxides are 

present in the sample. Change of pH will lead to ionization of amino acids and therefor change the shape 

and structure of proteins, thus damaging their function. In a study made on sweet potato PPs there was 

no significant difference in TPC in pH 3-7. TPC in sample with pH 8 was significantly lower (H.-N. Sun, 

Mu, & Xi, 2017). In this experiment on TPC in crowberry juice there were very little shifts in pH and 

should therefore probably not have an impact on the results. 

 

 

Conclusion 

 

3 minutes blanching had the greatest preservation yield in pulp preserved separated from juice both 

after 2 and 12 months in freezer. In juice 2 minutes blanching gave the best polyphenol preservation 

yield in juice. There was a very little difference (<.05) in juice whether it was from berries preserved 

whole or if juice and pulp were separated prior to freezing. The best extraction yield was from (75%) 

ethanol solution. pH in juice changed very little and did probably not affect the final results as the change 

was only ± 0.11 from the mean pH which was 3.84. 
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6 Future perspectives 

Analysing what polyphenols, the Icelandic crowberry possesses of, is of great importance to know their 

real antioxidant activity and potential. It would be interesting to redo the study with filtered  homogenized 

samples. Pipettes with volume 1 – 50 L were used to measure 20 g of crowberry solution, tended to 

clog and may have caused an error in the final results. It would also be interesting to measure total 

phenolic content during longer time frame after the destruction of cell membranes has occurred. Using 

High Performance Liquid Chromatography (HPLC) to analyse polyphenols like anthocyanins which 

crowberries are rich of and are believed to have many health promoting factors is also a method of 

interest to use.  
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Appendixes 

 

Table 4. shows pH values in juice from control samples and after 2, and 12, months 
preservation. 

Blanching  Control 

2 months 12 months 

Preserved 
separated 

Preserved   
whole 

Preserved 
separated 

Preserved   
whole 

0 min 3.76 3.72 3.78 3.91 3.95 

1 min 3.86 3.72 3.77 3.92 3.95 

2 min 3.86 3.73 3.73 3.95 3.96 

3 min 3.88 3.74 3.78 3.94 3.94 

4 min 3.86 3.75 3.75 3.93 3.93 

 

 

Table 3 shows the significant difference (p<.05) between different blanching time of pulp kept 
separated from juice and whole berries after 2 and 12 months. 
M1 = Unblanched sample, M2 = material blanched for 1 min, M3 = material blanched for 2 min, 
M4 = material blanched for 3 min, M5 = material blanched for 4 min. 

      Pulp 2 months preservation  Pulp 12 months preservation 

Control 
Preserved 
separated 

From whole 
berries 

Preserved 
separated 

From whole 
berries 

M1 vs M2   P<.01 M1 vs M2   P<.01 
M1 vs M2   

P<.01 
M1 vs M3   P<.01 M1 vs M2   P<.01 

M1 vs M3   P<.01 M1 vs M4   P<.01 
M1 vs M3   

P<.01 
M1 vs M4   P<.01 M1 vs M3   P<.01 

M1 vs M4   P<.01 M1 vs M5   P<.05 
M1 vs M4   

P<.01 
M1 vs M5   P<.01 M1 vs M4   P<.01 

M1 vs M5   P<.01 M2 vs M3   P<.01 
M1 vs M5   

P<.01 
M2 vs M3   P<.01 M2 vs M4   P<.01 

M2 vs M3   P<.01 M2 vs M4   P<.01 
M2 vs M4   

P<.01 
M2 vs M4   P<.01 M2 vs M5   P<.01 

M2 vs M4   P<.01 M2 vs M5   P<.01 
M2 vs M5   

P<.01 
M2 vs M5   P<.01 M3 vs M4   P<.01 

M2 vs M5   P<.05 M3 vs M4   P<.01 
   

M3 vs M5   P<.01 M3 vs M5   P<.01 

      M3 vs M5   P<.01       M4 vs M5   P<.01 M4 vs M5   P<.01 

 

 

 


