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Abstract. Although excessive lipid consumption should be avoided, dietary lipids are now
recognized as having various beneficial nutritional effects, especially regarding the need for a
balanced supply in both omega-6 and omega-3 polyunsaturated fatty acids (PUFA). Improving the
lipid profiles through an increase of PUFA supply also increases risks of (per)oxidation with possible
negative consequences for food technological, sensory and nutritional properties. Food lipids exhibit
various molecular and supra-molecular structures that interact with the other constituents of the
foods. These structures and interactions evolve during processing, storage and digestion. They
modulate or induce the formation in the food and in the digestive tract of potentially hazardous
molecules. This short review concerns the links between the structures of lipids in foods, their
oxidation and the metabolic fate and significance of lipid oxidation products. The actual data
concerning: (ii) oxidation of dietary lipids, especially when dispersed as oil-in-water emulsions, during
process including digestion, (iij) the absorption of primary and secondary, lipid oxidation (especially
hydroperoxides and the two hydroxyalkenals : 4-hydroxy-2-nonenal and 4-hydroxy-2-hexenal) and
their consequences on metabolic oxidative stress are briefly summarized. We conclude that
innovative food formulations should integrate an adequate structuration of lipids so that their
metabolism could be oriented toward their nutritional benefits, limiting the risks linked to peroxidation
of the unsaturated fatty acids in the food and during digestion.

Keywords. Dietary lipids, omega-3 supply, food, oxidation, digestion, metabolic fate,
hydroperoxides, hydroxyalkZnals.
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Introduction

Over the past 30 years, omega-3 (n-3) polyunsaturated fatty acids (PUFA), and among them the
long-chain PUFA, eicosapentaenoic acid (EPA : C20:5 n-3) and docosahexahenoic acid (DHA :
C22:6 n-3), are recognized to be of major importance in human nutriton and disease
prevention. Disorders of human health linked to an imbalanced overproduction of eicosanoids
derived from omega-6 (n-6) polyunsaturated fatty acids could be, at least in part,
counterbalanced by a significant increase of the n-3 PUFA dietary intake. A balanced, n-6/n-3
FA ratio (around 5 according to the recommendations) in the diet may reduce the risk of various
life-style diseases. In France, recent daily recommendations for healthy adults account for about
2 g linolenic acid (ALA : C18:3 n-3) and 0.5 g EPA + DHA but in several specific metabolic or
pathologic cases higher intake (up to several g EPA + DHA) is proposed. The different ways to
re-equilibrate the omega-3 PUFA human intake should be accordingly explored taking into
account the actual ways of life, wishes and economic status of the specific populations. One
way is the enrichment of formulated foods. The number of omega-3 enriched foods proposed to
the consumers has accordingly dramatically increased these last years. It remains that the
acceptability and shelf life of these new products is often low due to the frequent, rapid and
often unpredictable development of off-flavours, including burp off-flavours, attributed to the
formation of lipid oxidation odorant compounds.

The rancid and unpleasant taste/smell of oxidized omega-3 lipids usually prevents the intake of
large amounts of lipid oxidation products. It is therefore currently believed that oxidation does
not represent a health risk because the food would be rejected before consumption due to
unacceptable sensory properties (Dobarganes & Marques-Ruiz, 2003). However it remains
unresolved whether chronic intake of small amounts of peroxidation products produced either in
the food during its industrial or home processing or during digestion presents a health hazard.

Lipid oxidation and formation of lipid oxidation products in foods during their processing, storage
and digestion depend on various parameters, including the molecular structure of the oxidizable
species and their organisation in the matrix, in interaction with the physico-chemical and
environmental conditions that evolve with time, especially in the digestive conditions.

This short paper intends to summarize the actual knowledge and questioning about the links
between the structures of lipids in foods, their oxidation before and after ingestion and the
metabolic fate and significance of lipid oxidation products.

Oxidation of dietary lipids during food processing and storage

The mechanisms of lipid oxidation reaction has been extensively studied even is some reaction
pathways and kinetic aspects of the reaction are not completely elucidated (Frankel 2005) The
autoxidation of lipids is described as an autocatalytic chain reaction that targets unsaturated
fatty acids and involves free radicals intermediates. The main primary products of autoxidation,
the hydroperoxides are odorless and tasteless. Secondary oxidation products issued from
decomposition of hydroperoxides comprises an array of odorant volatile compounds including
aldehydes, ketones, alcohols, hydrocarbons, ... responsible for the development of off-flavours .
Other secondary products of low molecular weight, including malondialdehyde (MDA), hydroxy-
alkenals : 4-hydroxy-2(E)-nonenal (4-HNE), 4-hydroxy-2(E)-hexenal (4-HHE) are recognized
markers of oxidative stress in vivo where they exert cytotoxic activities. In addition, the
decomposition of lipid hydroperoxydes leads to the formation of other compounds of higher
molecular weights in which the glyceride backbone is kept.



Lipid oxidation products as influenced by the molecular structure of lipids

Due to the high number of lipid molecular species containing unsaturated fatty acids in natural
lipids, and the multiple possible reaction pathways per fatty acid, the development of lipid
oxidation leads to the formation of a very large array of oxidation products. These products vary
in their molecular weight, structure, characteristic chemical function, physico-chemical and
biological properties, including their odour. The positioning of the double bonds on the fatty
chain determines the formation of low molecular weight products among them some are
characteristic of the fatty acid series; for example, 4-HNE and hexanal for n-6 PUFA, 4-HHE
and propanal for n-3 PUFA. By contrast MDA originates from both series. The molecular
structure of the lipids, i.e. free fatty acids versus ethyl esters and triacylglycerols or sn-1 or sn-2
location of the unsaturated FA on the glycerol backbone also influences the oxidation rates.

Factors that influence lipid oxidation in food formulations.

Most of food formulations contain lipids as a hydrophobic phase dispersed in a more or less
hydrated hydrophilic phase. Indeed the presence of antioxidants is a main factor for the
development of oxidation. The physico-chemical characteristics of the interfaces (Berton,
Ropers, Viau & Genot, submitted) and of the aqueous phase (Villiere, Viau, Bronnec, Moreau &
Genot, 2005) also greatly influence lipid oxidation. Indeed, the dispersion states, the local
environment of the fatty acid chains, either in the hydrophobic core of the fat droplets or at the
interfaces and their interactions with antioxidants and pro-oxidants are other important factors
(Genot, Meynier & Riaublanc, 2003 ; Waraho, Mc Clements & Decker, 2011).

Oxidative fate of lipids during digestion

When ingested as bulk oils or dispersed in solid or liquid foods, dietary fats are submitted to
mechanical, chemical and biochemical process that make the fatty acids bioaccessible through
the hydrolysis of the lipid molecules in the gastrointestinal tract (GIT). In fact, some conditions of
the digestive environment could favour the formation of lipid oxidation products.

In-mouth : a primary reorganisation due to mastication and saliva

In the mouth, the ingested food is mixed and diluted with saliva. The pH, the ionic strength and
the temperature change. Destructuration of the food matrices and/or dispersion of bulk fat can
be observed. Food and saliva constituents are put into contact in the shear conditions induced
by mastication. Mucin induces the flocculation of lipid droplets of food emulsions (Vingerhoeds,
Blijdenstein, Zoet & van Aken, 2005) whereas some antioxidants (nitrite and thiocyanate) and/or
pro-oxidant constituents (lactoperoxidase) of the saliva could exert some activity in the stomach
(Gorelik, Kohen, Ligumsky & Kanner, 2007).

The stomach: a bio -reactor that may favour lipid oxidation

In stomach, the bolus, composed of the chewed food products ingested during the meal, is
mixed with the gastric juice (pH 1-3). The lipids of the bolus come into contact with endogenous
surfactants that leads to great structural reorganisations. The bulk fat is coarsly emulsified
whereas small droplets would partially coalesce under the joint actions of the flocculation
induced by mucin, the pepsinolytic activity and the acid pH (Armand, Pasquier, Andre, Borel,
Senft, Peyrot, Salducci et al., 1999). Partial lipolysis by gastric lipase also occurs. Lipolytic and
pepsinolytic activities generate new surfactant molecules (fatty acids, mono and diglycerides,
peptides) which in turn promote emulsification. The increase in exchange surface between lipids
and gastric environment, the acidic conditions, the presence of oxygen and pro-oxidant factors



such as dietary iron or heme proteins (myoglobin) from meat products may promote lipid
oxidation. Therefore, according to (Kanner & Lapidot, 2001), the stomach can be regarded as a
bioreactor favourable to lipid oxidation. In the physico-chemical conditions of the stomach, the
reaction is strongly influenced by the nature of the interfacial layer of dietary lipid droplets
(Lorrain, Dangles, Genot & Dufour, 2010).

Duodenum: release and absorption of nutrients and oxidized species

The partially hydrolyzed and emulsified lipids are delivered into the small intestine where are
mixed with pancreatico-biliary and intestinal juices. These juices contain bile salts,
phospholipids, pancreatic lipase, colipase, proteases, ion minerals, bicarbonate, among others.
It results an alkalinization of the chyme and additional modifications of the lipid interface and
lipid structures. Lipolysis, proteolysis and amylolysis are completed. Mixed micelles and vesicles
are formed allowing the absorption of fatty acids and monoglycerides. Unlike the prooxidant
gastric environment, the intestinal environment is neutral or slightly basic, anoxic and of
reducing nature. In addition, pancreaticobiliary juice would contain free radical scavengers
although other compounds could induce the decomposition of the primary products of lipid
oxidation (Terao, Ingemansson, loku, Yuki & Ito, 1995). Thus, in the small intestine, only
secondary step of lipid oxidation could occur. The already present oxidized fatty chains linked to
triacylglycerol molecules are hydrolyzed by lipases (Wilson, Lyall, Smyth, Fernie & Riemersma,
2002), making the oxidized moiety available for subsequent absorption. Both primary
(hydroperoxides) and secondary (hydroxylated FA, hydroxy-alkenals, oxygenated ! ,"-
unsaturated aldehydes: O!,"UA) products can be absorbed in the intestine (Goicoechea,
Brandon, Blokland. & Guillén, 2011). Gastrointestinal glutathione peroxidase has been
proposed as a barrier against the absorption of dietary hydroperoxides (Wingler, Miller,
Schmehl, Florian & Brigelius-Flohé, 2000).

Metabolic / health impact of oxidation of dietary lipids

It should be first underlined that if omega-3 PUFA enriched foods are beneficial for the
prevention of oxidative stress and inflammation processes, a too high consumption of PUFA n-3
can exert pro-oxidants effects.

From a nutritional point of view, consumption of oxidized lipids in foods is often considered not
representing a health risk: the food is assumed to be rejected due to unacceptable sensory
properties before a significant decrease of PUFA and other oxidation sensitive nutrients could
be registered. However unavoidable small amounts oxidized lipid formed during storage or after
ingestion are generally ignored. However, lipid oxidation products may have many biochemical
effects (Guéraud, Atalay, Bresgen, Cipak, Eckl, Huc et al, 2010)

Hydroperoxides: absorption and possible metabolic impact

Hydroperoxides are highly toxic compounds when administered intravenously, but in the body,
apart from pathological situations, reactive compounds and hydroperoxides produced in vivo are
detoxified by enzymatic cycles involving glutathione peroxidase. Early work suggested that
dietary hydroperoxides does not cross the intestinal barrier and are eliminated in feces.
However, the administration to animals, mostly rats, of diets containing oxidized oils caused the
development of various pathologies such as cell injuries in different organs, increase of the
weight of kidney and liver, modification of the fatty acid composition of adipose tissues, or
changes in levels of prostaglandins suggesting an inflammatory response. The administration of
vitamin E, antioxidant compounds may in some cases, prevent from these effects. More serious
pathologies such as severe irritation of the gastrointestinal tract, diarrhea, and growth delays,



even the death of animals, have been noticed with animals fed with high amounts of highly
oxidized oils, but the studies suffered of several experimental bias. More recent studies have
demonstrated that peroxides compounds can accumulate in the intestinal lumen and contribute
to the development of chronic intestinal disorders or diseases such as cancers (Kanazawa,
Sawa, Akaike & Maeda 2002).

Secondary lipid oxidation products

In adult, consumption of diet containing triglycerides including hydroxylated oxidized PUFA led
to the presence of these altered fatty acids in chylomicrons within hours after the meal (Wilson,
Lyall, Smyth, Fernie & Riemersma, 2002). Alkenals such as 4-HHE and 4-HNE are strongly
electrophiles reagents which can easily react with neutrophil groups of proteins, nucleic acids,
lipids or with thiols of low molecular weight (e.g.: glutathione). When an alkenal reacts with an
enzyme, it can alter its biological function. Thus, 4-HHE and 4-HNE are likely to exert
deleterious biological effects, those induced by 4-HNE being the most documented. When
aldehydes generated from the oxidation of linoleic acid were eaten by rats, oxidation products
including 4-HNE were proved to be slowly absorbed by the intestine and accumulated in the
liver (Kanazawa & Ashida 1998). The very reactive oxygenated a,B-unsaturated aldehydes
(Oa,BUA) were also found to be bioaccessible (Goicoechea, Brandon, Blokland & Guillén
2011). 4-HNE exert pro-oxidant effect in vitro, suggesting that it could contribute in vivo to
maintain the "vicious circle" of oxidative stress and its harmful metabolic effects. It could be a
mediator between the oxidative stress and the inflammation in adipose cells (Zarrouki, Soares,
Guichardant, Lagarde & Geloen 2007) and could be involved in the activation of in vivo cellular
pathways generating a low rate of inflammation of the organism and alter the function of
proteins involved in lipid anabolism and suppression of inflammation of adipose tissue (Russell,
Gastaldi, Bobbioni-Harsch, Arboit, Gobelet, Deriaz et al. 2003 ; Zarrouki, Soares et al. 2007). 4-
hydroxyalkenals could also intervene in the onset of the metabolic syndrome because of their
capacity to alter insulin signalization (Pillon, Soulere, Lagarde & Soulage, 2009; 2010).

Conclusions

Regarding the toxicity of lipid oxidation products, it is sometimes argued that high reactivity does
not necessarily imply toxicity or damage under physiological conditions because the compounds
are often present in small concentrations in the diet. In addition, the organism has powerful
defence mechanisms to neutralize and eliminate the reactive compounds, including
oxidoreductases, nucleophilic trapping agents, glutathion dependent enzymes, thereby limiting
their potential toxicity. Other protective mechanisms include the high turnover and therefore
repair rate of gut epithelial cells, and the presence of powerful hepatic and renal detoxification
mechanisms (Baynes, 2007). However, dietary lipid oxidation products must attract much
attention because of the wide variety of degenerative processes and diseases associated with
oxidative stress. It appears that precise data on toxicity thresholds of lipid oxidation products are
not available. Our ongoing research project include in vitro studies of the formation of lipid
oxidation products, of the absorption of 4-hydroxyalkenals by Caco-2 cells, a model of intestinal
epithelium, and their cellular metabolic consequences, and studies in rodents about the effects
of oxidized n-3 PUFA oil consumption on oxidative stress and inflammation.



Acknowledgements : This work was carried out with the financial supports of INRA and
Région Pays de la Loire: Ph-D grant of H.B.D-K., and of ANR (French National Research
Agency) - program “Alimentation et industries alimentaires — Food and food industry”: ANR-08-
ALIA-002 AGEcaninox project.

References

Armand M., Pasquier B., Andre M., Borel P., Senft M., Peyrot J., Salducci J., Portugal H., Jaussan V. & Lairon D.
(1999). Digestion and adsorption of 2 fat emulsions with different droplet sizes in the human digestive tract.
American Journal of Clinical Nutrition 70: 1096-1106.

Berton C., Ropers M.H., Viau M. & Genot C. Protein-stabilized interfaces are less efficient to protect emulsified lipids
against oxidation than surfactant-stabilized interfaces. Submitted to Journal of Agricultural and Food
Chemistry

Dobarganes, C., & Marquez-Ruiz, G. (2003). Oxidized fats in foods. Current Opinion in Clinical Nutrition and
Metabolic Care, 6, 157-163.

Genot, C.; Meynier, A.; Riaublanc, A., Lipid oxidation in emulsions. (2003) In Lipid Oxidation Pathways, Kamal-Eldin,
A., Ed. AOCS Press: Champaign, pp 190-244.

Goicoechea E., Brandon E.F.A, Blokland M.H. & Guillén M.D. (2011). Fate in digestion in vitro of several food
components, including some toxic compounds coming from omega-3 and omega-6 lipids. Food and
Chemical Toxicology 49(1): 115-124.

Gorelik S., Kohen R., Ligumsky M. & Kanner J. (2007). Saliva plays a dual role in oxidation process in stomach
medium. Archives of Biochemistry and Biophysics 458(2): 236-243.

Guéraud F., Atalay M., Bresgen N., Cipak A., Eckl P.M., Huc L., Jouanin I., Siems W & Uchida K. (2010) Free
Radical Research 44(10): 1098-1124.

Kanner K. & Lapidot T. (2001). The stomach as a bioreactor: dietary lipid peroxidation in the gastric fluid and the
effects of plant-derived antioxidants. Free Radical Biology & Medecine 31(11): 1388-1395.

Kanazawa K.,Ashida H. (1998). Dietary hydroperoxides of linoleic acid decompose to aldehydes in stomach before
being absorbed into the body. Biochimica Et Biophysica Acta-Lipids and Lipid Metabolism, 1393(2-3), 349-
361.

Kanazawa A., Sawa T., Akaike T. & Maeda H. (2002). Dietary lipid peroxidation products and DNA damage in colon
carcinogenesis. European Journal of Lipid Science and Technology, 104(7), 439-447.

Lorrain B., Dangles 0., Genot C. & Dufour C. (2010). Chemical modeling of heme-induced lipid oxidation in gastric
conditions and inhibition by dietary polyphenols. Journal of Agricultural and Food Chemistry 58(1): 676-683.

Pillon N., Zarrouki B., Lagarde M.,Soulage C. (2009). Alteration of intracellular signaling pathways of insulin in muscle
and fat cells by products of lipid peroxidation 4-hydroxy-2-nonenal (4-HNE) and 4-hydroxy-hexenal (4-HHE).
Diabetes & Metabolism, 35, A46-A47.

Pillon N., Soulere L., Lagarde M.,Soulage C. (2010) Alteration of the biological function of insulin by lipid peroxidation
products in 4-hydroxy-2-hexenal (HHE) and 4-hydroxy-2-nonenal (HNE). Diabetes & Metabolism, 36, A33-
A33.

Russell A.P., Gastaldi G., Bobbioni-Harsch E., Arboit P., Gobelet C., Deriaz O., Golay A., Witztum J.L.,Giacobinob
J.P. (2003). Lipid peroxidation in skeletal muscle of obese as compared to endurance-trained humans: a
case of good vs. bad lipids? Febs Letters, 551(1-3), 104-106.

Terao J., Ingemansson T., loku K., Yuki H. & Ito Y. (1995). Effects of rat bile-pancreatic juice on Fe?* induced
peroxidation of phospholipids. Japan Society for Bioscience Biotechnology and Agrochemistry 59(1): 55-58.

Villiere A., Viau M., Bronnec |., Moreau N., Genot C. (2005), Oxidative stability of bovine serum albumin- and sodium
caseinate-stabilized emulsions depends on metal availability. Journal of Agricultural and Food Chemistry, 53
(5), 1514-1520.

Vingerhoeds M.H., Blijdenstein T.B.J., Zoet F.D. & van Aken G.A. (2005). Emulsion flocculation induced by saliva and
mucin. Food Hydrocolloids 19(5): 915-922.

Waraho, T.; McClements, D. J.; Decker, E. A., (2011) Mechanisms of lipid oxidation in food dispersions. Trends in
Food Science & Technology, 22 (1), 3-13.

Wilson R., Lyall K., Smyth L., Fernie C.E. & Riemersma R.A. (2002). Dietary hydroxy fatty acids are absorbed in
humans: implications for the measurement of [ Joxidative stress' in vivo. Free Radical Biology and Medicine
32(2): 162-168.

Wingler K., Miller C., Schmehl K., Florian S. & Brigelius-Flohé R. (2000) Gastrointestinal glutathione peroxidase
prevents transport of lipid hydroperoxides in CaCo-2 cells. Gastroenterology 119: 420-430.

Zarrouki B., Soares A.F., Guichardant M., Lagarde M.,Geloen A. (2007). The lipid peroxidation end-product 4-HNE
induces COX-2 expression through p38MAPK activation in 3T3-L1 adipose cell. Febs Letters, 581(13),
2394-2400.



ABSTRACT N°122 - CIGR Section 6 — NANTES - APRIL 2011

Probiotic Boza Production with Lactic Acid Bacteria and Its
Sensorial, Physicochemical and Rheological Properties

Fatih Tornuk'’, Ismet Ozturk?, Safa Karaman?, Osman Sagdic? Hasan Yetim?

' Erciyes University, Safiye Cikrikcioglu Vocational College, Department of Food Technology,
38039, Kayseri-Turkey & fatih@erciyes.edu.tr

2Erciyes University, Engineering Faculty, Department of Food Engineering, 38039, Kayseri-
Turkey ismet@erciyes.edu.tr, skaraman@erciyes.edu.tr, sagdic@erciyes.edu.tr,
hyetim@erciyes.edu.tr

Type of presentation. ORAL

Contact person. fatih@erciyes.edu.tr

Abstract. Boza is a viscous traditional Turkish beverage produced from the cereals such as wheat,
maize, and rice flours and fermented by lactic acid bacteria (LAB) and yeasts. In this study,
unfermented boza samples prepared from maize, whole wheat and rice flour in the ratio of 2:1:1
were inoculated with Lactobacillus acidophilus, Weisella paramesenteroides and Lactobacillus casei
Shirota cultures by two- and/or three-bacteria combinations separately. During the fermentation, LAB
counts and pH changes were measured at 6", 12™ and 24™ hours of the process. After fermentation,
sensory and rheological properties, dry matter and brix values of boza samples were determined.
LAB counts were at the numbers ranging from 9.24 to 10.48 log cfu/mL, and pH value was the lowest
(4.08+0.02) in the boza samples produced with Lb. acidophilus and Lb. casei Shirota combination at
the end of fermentation. Rheological characteristics of boza samples were determined using a
stress/strain controlled rheometer. Apparent viscosity of samples was measured as a function of
shear rate in the range of 1-100 1/s at constant temperature (25 °C). All samples showed a non-
Newtonian pseudoplastic behavior and apparent viscosity decreased with increasing shear rate. All
the boza samples were generally acceptable and had a good quality organoleptically, and the boza
sample fermented with Lb. acidophilus and Lb. casei Shirota had the highest sensory score.
Therefore, it might be suggested that Turkish boza should be fermented with the above bacterial
combination to have better acceptability in the boza.

Keywords. Boza, Turkish beverage, lactic acid bacteria, probiotic, rheological properties
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Abstract. Blueberries are known for being rich in phenolic compounds, especially anthocyanins,
and also for having a high level of antioxidant activity with obvious health benefits. Given the
seasonality of the production of blueberries and their relatively short shelf life, they need to be
preserved after harvest. Drying is one of the economically most attractive options. Yet, the
various phenolic compounds are at risk of being degraded during air drying process. The drying
rates of blueberries are generally slow due to wax layer surrounding the fruit. This results in long
residence times and exposure to oxygen. Rabbiteye species (Vaccinium ashei) cv. Climax was
used as a model fruit in the experiments. The berries were subjected to three pretreatments, an
abrasive treatment, blanching and combination of abrasive with blanching prior to drying at
different drying air temperatures ranging from 30 to 80 °C. The effects of different relative
humidities were investigated at 70 °C. The effects of the pretreatments and of the two drying
parameters, temperature and relative humidity of the drying air, on the drying time and the
concentration of the phenolic compounds and their anti-oxidant activity were assessed. The
abrasive wax removal was the major contributor to the reduction of the drying time. As expected
the increasing drying air temperatures also reduced the drying time. The concentrations of the
total phenolics and anthocyanins were inversely proportional to the drying time. They were
higher at lower relative humidity of the drying air. The antioxidant activity, expressed as FRAP
and ORAC was also inversely proportional to the drying time.

Blueberries, air drying, abrasive pretreatment, phenolic compounds, antioxidant activity.

6™ INTERNATIONAL CIGR Technical Symposium - Section 6
“Towards a Sustainable Food Chain”
Food Process, Bioprocessing and Food Quality Management
Nantes, France - April 18-20, 2011



Introduction

Recently, interest in blueberries has increased among consumers who are concerned about
healthy diet. Epidemiological studies have revealed the potential of blueberries in reducing the
occurrence of cardiovascular diseases, Alzheimer’s disease and cancers (Heinonen, Meyer &
Frankel, 1998; Seeram, 2008; Singh, Arseneault, Sanderson, Murthy & Ramassamy, 2008).
The beneficial effects of blueberries on health are attributed to phenolic compounds including
anthocyanins and chlorogenic acid which are present at high concentration. However,
processing of blueberries after harvest can significantly reduce the concentration of these
compounds and result in the alteration of their biological activity (Kalt, McDonald & Donner,
2000).

Since blueberries are perishable fruits, drying is one of the most common methods to extend
their shelf life. Most of dried blueberries in the market are dried using freeze drying or osmotic
dehydration. However, the cost associated with freeze-drying can be high and loss in
anthocyanins and phenolics were reported in osmotically dehydrated fruit (Stojanovic & Silva,
2007). Investigating alternative low cost methods that produce high level of antioxidant product
is thus aim of this study.

Materials and Methods

Raw materials

Blueberries used in the experiment belong to rabbiteye species, Vaccinium ashei, cv. Climax.
The fruits were harvested by hand at BerryExchange plantation in Corrindi (NSW), transported
by road in ice boxes for approximately 6 hours before reaching the laboratory in Sydney and
stored overnight in the cold room at 4°C. They were then sorted to remove underripe, overripe
or damaged berries before storage at -20°C until analysis which lasted no longer than 1.5
months. Berry samples used for drying treatments were thawed overnight at 4°C followed by 2
hours at room temperature.

Pretreatments before drying

Blanching

Samples were dipped in boiling water for 30 seconds, then dipped in ice-cold water for 1 min to
prevent excessive heat. Water remaining on the surface was drained on adsorbent material.
Abrasive removal of wax

A 100 g sample was rotated inside a drum lined with medium grain sand paper. The drum was
13.9 cm in length and 12.5 cm in diameter. The rotation speed was constant at 100 rpm while
the rotation time was optimized to 4 min to prevent excessive damage to blueberries.

Drying

A 100 g berry samples was placed on a perforated tray. Low temperature drying (30°C) was
done using heat pump dryer while drying at high temperature (60, 70, and 80°C) was done in a
cabinet dryer. The average air velocities inside the drying chamber were 1.71 m/s and 2 m/s for



heat pump and cabinet dryer respectively. To observe the effects of different air temperatures
(30, 60, 70 and 80;C), relative humidity (RH) was maintained at 15%. Meanwhile, the air
temperature was kept constant at 70iC during the investigation on the effect of different RH
(10% 15% and 20%). The drying process continued until water activity (Aw) reached 0.6-0.65.

Sample extraction procedure

A 100 g of frozen-thawed sample (control) was homogenized in a blender (Townson & Mercer,
UK). Three subsamples (10 g each) from the homogenate were extracted with 50 ml of
extraction solvent consisting of methanol, water, acetic acid (ratio 25: 24: 1) for three times. The
supernatants were combined and stored at -80;C until analyzed for anthocyanins, chlorogenic
acid, total phenolics or antioxidant activity.

Dried samples of about 15 - 20 g of were ground using mortar instead of the blender due to the
stickiness of sample. Then, three homogenate samples (1 g each) were extracted as above.

Determination of total phenolics

Total phenolics content was determined using Folin-Ciocalteu reagent. Diluted extracts were
mixed with 2.4 ml distilled water then with 1/10 water-diluted Folin-Ciocalteau (150 ul) reagent
(2N). After 2 min, 300 ul of 7.5% (w/v) Na,CO3; were added and mixed well. After incubation (2 h
in the dark) at room temperature (25 °C), the absorbance at 765 nm was measured. Results
were expressed as mg gallic acid equivalent/g dry weight (mg GA eqg/g DW).

Determination of total anthocyanins

Total anthocyanin determination was performed using pH-differential method (Giusti and
Wrolstad, 2001). Sample was diluted in potassium chloride (pH 1.0) and sodium acetate buffer
(pH 4.5). Absorbance was measured with UV-1601 Shimadzu UV-visible spectrophotometer
(Shimadzu Scientific Instruments, (Oceania) Pty. Ltd., Sydney) at 520 nm and 700 nm. Results
were expressed as mg cyanidin-3-glucoside equivalent/g dry weight (mg C3G eq/g DW) which
has molar extinction of 26900 and molecular weight of 449.2.

Determination of chlorogenic acid

Chlorogenic acid content was analysed using Shimadzu HPLC system (Shimadzu Scientific
Instruments, (Oceania) Pty. Ltd., Sydney). The extracted sample (10 ul) was injected into a C18
column (150 mm x 4.6 mm, 5 ym, Phenomenex Pty Ltd, Sydney). The mobile phase consisted
of (A) 1.5% H3PO, and (B) 1.5% H3;PO,, 20% acetic acid, 25% acetonitrile. A gradient elution
was 0 min, 20% B; 40 min, 33% B; 45 min, 50% B; 60min, 60% B; 60.10-65, 100% B, 65.10-70,
20%B at 1ml/min. The chlorogenic acid was determined at 326 nm.

Determination of antioxidant activity

Oxygen radical absorbance capacity (ORAC)

The ORAC assay was performed as described by Prior, Wu & Schaich (2005). The samples
were diluted with phosphate buffer saline (PBS, 75 nM, pH 7.0) and mixed with fluorescein
solution (120 nM) and 2,2Gazobis-(2-methylpropionamidine) dihydrochloride (AAPH, 360 mM).
Both solutions were prepared on the day of assay in PBS buffer. The test was performed in a
Varian Eclipse Fluorescense Spectrophotometer at 37 jC, excitation wavelength 495 nm,
emission wavelength 515 nm. The net area under the curve was calculated and the results were
expressed as pmol Trolox equivalent/g dry weight (umol Trolox eq/g DW).



Ferric reducing antioxidant power (FRAP)

FRAP assay was performed according to Benzie and Strain (1996) with some modifications.
The FRAP working solution was prepared by mixing 300 mM acetated buffer (pH 3.6) with 10
mM TPTZ in 40 mM HCL and 20 mM FeCl3&H,0 at a ratio 10: 1: 1 and warmed to 37 !C before
use. The 100 ul of diluted extracts were added to 2900 ul of FRAP working solution and allowed
to react for 30 min at 37!C in the dark. Readings of colored solution were taken at 593 nm. The
results were expressed as pmol Trolox eq/g DW.

Results and Discussion

Drying characteristics of different treatments

With increasing drying temperature, the drying rate was rising and the time to achieve specified
moisture content was reduced. For low temperature drying (30 iC) using heat pump dryer, the
total drying time was nearly 240 hours. In contrast, the total drying time at 60;C, 70;C and 80;C
was only 50, 16 and 10 hours, respectively. It was, however, observed that blueberries showed
small amount of dried flaky skin at 80jC. Therefore, to choose an appropriate drying
temperature, many factors have to be considered. It may not be suitable to use low temperature
in operations that need to be performed in a short time. However, too high temperature can
affect the appearance of the finished product.

The effect of varying RH within the test range is shown in Figure 1(a). There were slight
differences in total drying time between 10%, 15% and 20% RH. Blueberries dried faster at 15%
RH with only 14 hours followed by 16 hours for 10% and 18 hours for 20%. The reason that
drying at 10% RH was slower than 15% RH may be due to case hardening phenomenon that
prevented moisture movement across the surface.

To reduce the drying time, blanching and wax abrasion had been chosen as pretreatments in
this study. Blanching aimed at promoting the skin cracks. It was also observed that the waxy
cuticle was partially removed by hot water. The wax abrasion aimed at removing the wax from
the epidermis of the berries that was a barrier to moisture movement. Figure 1(b) shows the
effects of pretreatments. The results indicate a very effective time reduction for wax abrasive
pretreatment. The drying time was reduced from 16 hours in untreated sample to 7.5 hours in
wax abrasive pretreatment. The blanching alone reduced the drying time to about 13 hours.
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Figure 1. Drying curve of blueberries cv. Climax at 70;C, RH = 10, 15 and 20% (a), 70;C 10% RH with
different pretreatments (b).



Effects of drying conditions on antioxidant activity (FRAP and ORAC), total
anthocyanins, total phenolics and chlorogenic acid

Content of total anthocyanins, total phenolics, chlorogenic acid and antioxidant activity of
different drying conditions, vs freeze-drying as a reference method, are shown in Table 1. In
general, low temperature drying (30 °C) led to lower antioxidant activity than high temperature
drying determined by FRAP and ORAC. Low temperatures resulted in longer drying time which
exposed blueberries to oxygen and produced degradation of phenolic compounds. Total
phenolics and chlorogenic acid were found in lower amounts than in samples subjected to
higher drying temperatures. There was no significant difference in antioxidant activity between
samples dried at 60 °C and 70 °C when using FRAP assay in contrast to ORAC assay. The
FRAP values increased after drying at 80°C and were the highest among non pretreated
samples. However, ORAC value at 80°C was comparatively low. This can be explained by the
use of different reactions in measuring the antioxidant activity in FRAP and ORAC assays
(Benzie & Strain, 1996; Prior et al., 2005), resulting in different values obtained from these tests.
Pretreatment steps helped preserving the phytochemicals in blueberries. Total anthocyanins,
antioxidant activity and chlorogenic acid were higher after wax abrasion or blanching. These
effects were more obvious at low temperature, due to a significant reduction in total drying time.
In addition, although the blanching time was only 30 seconds, heat may have deactivated some
polyphenoloxidase, enzyme responsible for the degradation of anthocyanins and phenolic
compounds (Kader, Rovel, Girardin & Metche, 1997). This result agreed with Sablani, Andrews,
Davies, Walters, Saez & al. (2010) who found increased retention of anthocyanins, phenolics
and antioxidant activity in blueberry juice after blanching. The blanching time was short due to
risk of pigments leakage from blueberries to water with prolonged dipping time. The loss of
pigments during dipping was also found to affect final product colour. Blanching and abrasive
pretreatment before drying at 70°C showed a comparable ORAC value and chlorogenic acid to
freeze drying. Results from combined pretreatments were not different from single pretreatment
after drying at 30°C. However, different results were found after drying at 70°C with ORAC value
not being different from freeze drying but chlorogenic acid being significantly higher.

Table 1. Content of antioxidant activity, total anthocyanins, total phenolics and chlorogenic acid

FRAP

Pre- Drying conditions (umol gjﬁAo(I:Trolox Total anthocyanin Total phenolic Chlorogenic acid
treatments Temperature RH(%) Z;%OBW) eq/g DW) (mg C3G eq/g DW) (mg GA eqg/g DW) (mg/g DW)
None Freeze-dried 279.0 £ 16.2° 673.4 +24.4° 19.4 £2.0° 245 +19a 2.3 +0.3°
30 15 24+228° 221.7 £20.7° 53 +03% 127 £1.0° 0.04 +0.003°
60 15 150.4 +7.7%9 3296 +23.1° 38 +05° 14.4 +0.2°% 0.95 +0.02°
None 70 15 163.2 +1.9% 447.2 +27.2° 67 +03% 15.3 +1.3% 15 +0.1%
70 10 171 +3.5%% 558.3 + 23.6° 66 +06% 194 +15% 1.7 +0.06°
70 20 1593 +6.9°% 4463+ 27.5° 56 +06% 17.4 +10% 04 +0.06°
80 15 189.9 +19.7° 156.7 + 12.2" 41 +04™ 196 +2.0% 14 +01"
Abrasion 70 10 1911 +8.4° 605.5 + 9.59 9.8 +0.6° 195 +1.2% 24 +02°
Blanching 70 10 180.6 +13.5%  605.7 + 25.69 7.7 £05 211 £13" 25 +0.1°
Bl + Abr 70 10 2157 +3.6' 681.3+29.7° 9.6 +1.4° 18.0 +2.1° 2.6 +0.05%
Abrasion 30 15 1747 +250%°  3162:43° 9.8 +14° 12.9 +1.7%° 0.08 +0.01°
Blanching 30 15 1383 £181%  466.5+43.5° 79 14" 15.6 +1.6° 01 +0.02°
Bl + Abr 30 15 180.1 + 9.7% 436.9 + 17.3° 114 +07° 189 +03% 02 +0.006°

Means + standard deviation within a row with the same superscript are not significantly different (P! 0.05)



Conclusions

Developing drying strategies to maximise the recovery of antioxidants and their activity in dried
blueberries was the aim of this study. Drying conditions, namely temperature and RH, affect the
phytochemical components in blueberries in different ways. Pretreatments before drying are an
essential step to preserve those components in air dried blueberries, especially when drying at
low temperature. This is mainly because pretreatments lead to the reduction of drying time. In
the experiments, abrasive pretreatment reduced drying time effectively. Blanching has possibly
deactivated the enzyme responsible for phenolics degradation. The combination of blanching
and wax abrasion did not affect antioxidant activity in comparison with any of these treatments
alone in samples dried at low temperature. However, an increase in antioxidant activity due to
the combination of preatreatements was clearly seen in samples dried at 70°C.
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Abstract. Multigrain composite mixes were prepared from different cereals, millets, legumes,
processed legume (in whole grain form), nuts and oil seeds along with condiments by toasting,
size reduction, hydrothermal treatment and mixing in different proportions. These multigrain
composite mixes had 10 to 11.5 % moisture, 50 to 62 % carbohydrates, 14 to 20 % protein, 8 to
13 % crude lipid, 2 to 3 % ash content. Energy value varied from 1500 to 1700 kJ/100g. Total
dietary fibre varied from 12 to 17 % and soluble fibre varied from 2 to 3 %. Phytic acid content
in these multigrain composite mixes varied from 0.6 to 0.8 %. Starch digestibility varied from
60 to 76 %. Swelling power of these multigrain composite mixes was about 10; however
solubility varied from 17 to 22 %. Among the vitamins studied, Thiamine and riboflavin content
varied from 230 to 450 microgram / 100g and from 8 to 22 microgram / 100g respectively.
Antioxidant properties have been studied in these composite mixes by measuring total phenolic
content (1.2 to 1.5 %), DPPH free radical scavenging activity (75.2 to 86.2 %) and metal
chelating activity (1.9 to 3.9 %). Pasting behavior by a Brabender Viscograph of these
multigrain composite mixes where the fundamental parameters like peak viscosity, hot paste
viscosity, cold paste viscosity and derived parameters like break down, set back and total
setback values indicated that the multigrain composite mixes have cross linked starch type
behavior. These multigrain composite mixes can be used for the preparation of savory
formulations-an Indian sweet like products; snack preparation, pan cake, snacks like muruku
and chakli. Generally we find products from single grain, but product from multigrain will be for a
sustainable food chain.
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Abstract : This study aimed to assess the effects of fat suppression in rats by feeding with the strains
of Agricus blazei Murill BCRC36814 in the fermentation liquid broth. Agricus blazei Murill contains ! -
glucan, which is a high molecular weight polysaccharides with mixed bonding, which can lower
cholesterol levels and increase HDL-C, decrease in plasma LDL-C function, delay fatigue, and
improve motor function. The rats were first divided into Control group C and High-calorie diet group
HE and then divided them into three groups, the dose group HE2 (5X), low dose group HE1 (1X),
and non-dosing group of HEC (-) respectively. The weight change, food intake, and water intake
were recorded and blood sample was collected every 10 days to examine the blood biochemical
parameters between each group. After 40 days, rats were sacrificed for collecting blood, liver, and
spleen to analyze the concentration of blood inside the triglyceride, total cholesterol, and high density
lipoprotein cholesterol. The results of the 40-day experiment showed that, comparing with the no
intake of Agricus blazei Murill fermentation solution group, within a particular range of food intake,
the does of the experimental group can restrain fat increase. In terms of the lipid profile, the blood
biochemical parameters of each group were still within the standard blood biochemical parameters in
rats. Based on these results, this Agricus blazei Murill in the fermentation liquid broth by the reaction
products can help reduce the weight of the rat. If the advantages of Agricus blazei Murill broth,
including fat suppression control, immunity enhancement, and fast fatigue restoration can be used in
the functional foods, it may be beneficial to people’s health and life.
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Introduction

In recent years, with globalization, the increase of the national income in Taiwan, and the aging
population, people easily feel fatigue because of today's highly competitive, fast, pace of life and
the overloaded work pressure. Even after a long period of rest, fatigue still cannot be completely
relieved, and the impact on daily life and work may result in serious breakdown from constant
overwork. Thus, fatigue has become the invisible health killer in the 21% century.

Physical fatigue refers to the substantially lower physical activity after the human body has
excessive exercise that all parts of the organs fail to maintain at the level of their normal work
ability. Fatigue may occur by the following reasons: (1) energy consumption of the biological
material in vivo, (2) bio-accumulation of metabolites in vivo, (3) a lack of oxygen resulting in
anaerobic state, (4) dysfunction or destruction of the stability of the biological environment in
vivo, (5) physical or mental fatigue caused by excessive use. Ways to overcome the fatigue are
to eliminate physical fatigue and search energy-recovery measures, such as supplementary
intakes of anti-fatigue material, or correctly adopt measures to reduce excessive muscle work or
burden.

So far, there are quite few studies on the practical applications of the metabolic products in the
field of Agaricus blazei liquid fermentation engineering. Also, no in-depth studies on the anti-
fatigue function of organisms were available. Therefore, the researcher used Agaricus blazei
BCRC36814 strains from the Food Industry Research Center to carry out relevant experiments
in this study. Deep liquid fermentation was used to nurture a large number of Agaricus blazei
mycelium and metabolites to conduct further tests in mice. The preliminary study explored the
changes of the anti-fatigue effects before and after taking the Agaricus blazei fermentation liquid
by ICR mice. The results and experimented data may be provided for future researches on anti-
fatigue drugs and functional foods.

MATERIALS AND METHODS
Obtaining and cultivating Agaricus blazei strains

The Agaricus blazei Murill BCRC 36814 (ATCC 76739) in this experiment was bought from the
Food Industry Research and Development Institute (FIRDI) of Biological Resources Research
Center in Taiwan. Several subculture plate culture of Agaricus blazei mycelium waited for
growth to over 70% flat, about 7 to 12 days, placed in 70% alcohol and then sprayed and
exposed to UV light for 30 minutes, conducted on the sterilized germ-free Laminar Flow
Horizontal Table; used 0.5 cm diameter circular hole puncher to drill out seven blocks from the
outer edge of the mycelial hyphae; inoculated at capacity of 250 ml erlenmeyer flask containing
100 ml of liquid culture medium at 28 °€, 120 rpm for one week shaking.

Agaricus blazei contained bacteria inoculated 100 ml of liquid culture medium for one week as
the strains in shake flask bottles was inoculated in a 10 L stirred-tank fermentation liquid tank,
the working capacity of 6 L, inoculum 5%, ventilation set 1 vvm, agitation rate 150 rpm,
fermentation temperature of 28 °€C, fermented 2 weeks and measured their mycelia and

exopolysaccharide formation. The culture medium consisted of the following components: solid
medium contains 10g/L of glucose, 3 g/L of yeast extract, 3 g/L of malt extract, 5 g/L of peptone,
and 20 g/L of agar. Liquid medium contains 20 g/L of glucose, 5 g/L of yeast extract, 3 g/L of
malt extract, 10g/L of peptone, 2.0 g/L of K;HPO, , 4.0 g/L of KH,PO,, 2.0 g/L of MgSO,, and

Handling of Agaricus blazei fermentation liquid (polysaccharide beverages)



The volume of Agaricus blazei polysaccharide fermentation liquid was given to mice, referring to
several studies. Polysaccharide of Agaricus blazei fermentation liquid was sterilized for 15
minutes under high temperature of 121 ! and high pressure of 1.2 kg/cm? Then, the

concentration of polysaccharide was measured by the above-mentioned measurement method,
and the original Agaricus blazei fermentation liquid was used as a high-dose polysaccharide
concentration drinks; sterilized water was used to dilute the original concentration to 0.5 times
and 0.2 times, and the concentrations of low-dose polysaccharide drinks were 0.24, 0.12 and
0.05g/L respectively; the three doses were given to mice of high-dose group, middle-dose group
and low-dose group. To avoid polluting drinks, each day mice were given fresh Agaricus blazei
fermentation liquids.

RESULTS AND DISCUSSION
Weight changes of the mice during the experiments

The results show that there was no significant weight difference between days for the mice in
the control group day from 0 to 14 days. The mice in the high dose group from the third day,
after the first 4™ day to the 14™ day, their body weights show significant differences with gradual
decline in weights over time. Between the 6" day and the 14™ day, there is no significant
difference in body weight between days. The mice in the middle dose group on the day 0 and
between the 12" day and the 14™ day show a significant difference in body weights with a
weight decreasing over time until the 14™ day. In addition, from the 1% day to the 11" day, the
weights of the mice between days show no significant difference. Whereas the mice in the low-
dose group after Day 1, with the exception of the 2" day, the other days compared with the Day
0 and Day 1 show significant difference.

The results of giving the mice Agaricus blazei drinks before and after fermentation (the Day 0
and the 14™ day) are shown in Figure 2. The results show that the difference in body weight
changes of the mice before and after consumption of drinks, the high-dose group obtained the
highest value of 9.8 g., followed by the low-dose group of 9.62 g, the middle dose of 4.9 g, and
the control group of 2.39 g. Furthermore, all mice in the experimental group and the control
group show a body weight decline during the experiment. Particularly, the body weight of the
mice in the middle does group had the smallest change and was the most stable. The changes
in body weight of the mice are closely related with the consumption of food and the volume of
water drinking. Finally, the results of this experiment indicate that Agaricus blazei fermentation
drink products can contribute to weight loss of the mice.

The changes in blood lactate of the mice with feeding Agaricus blazei drinks
fermentation after 14 days

In the control group and experimental group, the mice were given distilled water and the high,
medium and low concentrations of different doses of mushroom fermentation beverages for 14
days, then the mice were placed on a water tank with the depth of 20cm, the surface of
35cmx50cm, water temperature control of 30£1 ! | for swimming 10 minutes. The heart blood

of the mice was obtained on before and after swimming and during the 20 minute break to
measure the blood lactate value. The results are shown in Tables 1.

In 2003, the Department of Health announced that the health functional food of the anti-fatigue
assessment methods suggest that the blood lactic acid value of standards in the experimental
group should be lower than the control group when the ratio of blood lactate elimination of the
experimental group and the control group show no difference. According to the results of this
experiment (Table 2), the ratio value of lactic acid in the middle dose (1.15) and low-dose (1.24)
groups are lower than the control group. In terms of blood lactate elimination, the ratio values of



the three experimental groups are higher than the control group, indicating a better ability to
clear blood lactate. The ratio values of the middle dose (.98+% .02) and the high-dose (.90+ .04)
had significant differences (p< .05), significantly higher. The results of this experiment indicate
that the three different doses of the Agaricus blazei fermentation drinks fermentation contain the
anti-fatigue effects such as delaying fatigue, improving the body function, enhancing exercise
tolerance, and fast eliminating fatigue.
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Figure 1. The amount of exopolysaccharides intake and body weight changes of the mice during
the experiment

Table 1. The Ratios of Rise and Elimination of the Lactate Test of the Mice

Group Lactate rise ratio Lactate elimination ratio
Control 1.28 0.61+0.03°
High dose 1.30 0.90 + 0.04°
Middle dose 1.15 0.98 + 0.02°
Low dose 1.24 0.75 + 0.09"

Note: a-b means within a column are significantly different p < 0.05

CONCLUSIONS

Three different concentrations of the Agaricus blazei fermentation drinks were given to the ICR
mice for animal testing. During the experiment, the mice in the control group and in the dose
group had the highest consumption of food and water, along with the most stable eating. Before
and after feeding the Agaricus blazei fermentation drinks, the high does group had the most
weight changes (9.8 g), followed by the low dose group (9.62 g), the middle dose group (4.9 g),
and the control group (2.39 g). The mice in the experimental groups show a gradual decline in
body weight during the experiment. The results indicate that the Agaricus blazei fermentation
drinks may contribute to weight loss of the mice.



In the Anti-fatigue tests, in terms of the swimming endurance, the mice in the experimental
group show longer than the mice in the control group. But there was no significant difference
between these two groups. In terms of the blood urea nitrogen, the low-dose group was
significantly lower (p< .05). For the blood lactic acid, the increase ratios of the middle and low
dose groups were lower than the control group. That is, there is suppression of the role of lactic
acid increased, while the medium-and high-dose groups to eliminate the ratio of lactic acid are
significantly higher than the control group (p < .05), To conclude, the fermentation that the
Agaricus blazei fermentation drinks contain the effects of anti-fatigue, such as delaying fatigue,
improving body function, enhancing exercise capacity, and fast eliminating fatigue.

In this study, the researcher has reached the goals of producing the stirring 10L tank liquid
culture fermentation Agaricus blazei mycelium and applying to animal experiments in the mice
in order to explore the impact of the Agaricus blazei fermentation drinks for anti-fatigue effects.
Yet, the researcher did not reach the goal of fostering the production of fermentation products
as raw materials, adding to feed to produce functional feed. Thus, a series of related
experiments can be further conducted in the near future. Also the researcher may work with the
industry in terms of university-industry cooperation to develop a broad variety of functional foods
for pets to enlarge the size of the mass production application.
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Abstract. The raspberry is rich in valuable components like polyphenols, antioxidants, anthocyanins
linked to potential health protection against several human diseases. After the pressing, the valuable
components can be extracted and then concentrated from the fruit marc.

In the solvent extraction processes the usual way of the solvent regeneration is evaporation or
distillation. These operations are energy consuming. Membrane separation processes are
energetically more efficient, and carrying out at lower temperature the loss of valuable components is
low.

In this study microfiltration ® MF, nandfiltration - NF and reverse osmosis - RO were used for
concentration and separation the solvent from solutions prepared by extraction of raspberry marc
with ethanol-water solution (in different ratios). Extraction was performed by a conventional method
for 2 h at constant temperature. Extracted solutions were collected.

For clarification, laboratory scale microfiltration equipment (with ceramic membranes) was used to
remove suspended solids from the extract. After the filtration the clarified permeate was concentrated
by RO with flat sheet membranes to concentrate the polyphenols and anthocyanins.

The total soluble solid content and the density were measured, the total polyphenols and flavonoid
compounds and the total anthocyanin content of samples were determined after the filtrations.

The results of analysis proved that separated solvent did not contain valuable components and
solids, therefore can be reused in extraction process. Combination of membrane filtration processes
was appropriate for concentration of the valuable compounds from extracted solutions without losses
of compounds. The removal of the solvent by membrane filtration is energetically more efficient than
by evaporation.

Keywords. raspberry, membrane filtration, solvent recovery
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1. Introduction

With membrane filtration techniques new ways for food processing have been found to fulfil the
consumer demand for healthy food rich in valuable components and allowing preservation
without any chemical materials. These up-to-date membrane methods give a possibility to
enhance food safety and to reduce energy consumption and environmental impacts (Rektor,
Pap, Kokai, Szabd, Vatai & Békassy-Molnar, 2004). In addition, membrane processes are
interesting alternative methods instead of thermal processes which cause loss of yeasts,
vitamins, proteins and other valuable components. (Tasselli, Cassano & Drioli, 2007)

The raspberry (Rubus idaus L.) is one of the most cultivated fruit in Hungary. This fruit and its
marc are rich in C-, P- and B9-vitamin, polyphenols, antioxidants, organic acid, anthocyanins
linked to potential health protection against several human diseases, (Wang, Chen & Wang,
2009) as these are valuable material for human organism (Castaneda-Ovando, Pacheco-
Hernandez, Paez-Hernandez, Rodriguez & Galan-Vidal, 2009) it is important that the more are
saved during processing of raspberry.

Following the extraction of the raspberry marc the solvent recovery is an important problem to
minimise burden upon the environment with the off-site recycling and multiple use of solvents.
The solvent recovery is also often economically beneficial but the saving always depends on the
different, usually country specific, prices. (Szanyi, Mizsey & Fonyo, 2003) But, due to the
complexity of this problem there is a permanent need for newer and newer separation
processes which can give powerful solutions. Membrane separation technologies are also
involved in the research and practice usually with combination.

The aim of the study is to work out the basis of a complex membrane filtration method which
can be applied for solvent recovery after conventional extraction and preservation of
anthocyanin, phenol and flavonoid content from raspberry marc.

2. Materials and methods

2.1 Convention extraction

The raspberry was provided from primary producers from Hungary. After crushing Pektopol PT
400 pectolytic enzyme was added to destroy the pectin molecules. After pressing the marc was
used for conventional extraction experiments.

The extraction experiments with conventional solvents were performed in a batch extractor,
which was filled with solvent and material of extract. The extraction was made on room
temperature (20 °C) by mixing. For measurements four different solvents were used, changing
the rate of ethanol and water (0-50-70-100%). After 2 h of extraction the extraction mixture was
filtered to remove seeds and peels.

2.2 Membrane processes

The filtered extract was concentrated by combination of membrane filtrations: microfiltration
(MF) for clarification and reverse osmosis (RO) for concentration.

Figure 1 shows the scheme of pre-filtration and concentration apparatus, where extract liquid
was recirculated by pump to the membrane surface. The driving force is the transmembrane-
pressure-difference between the two sides of the membrane.



The microfiltration (MF) process was applied like pre-filtration to clarify the raspberry extract, to
remove the suspended solid content. The membrane was ceramic tube microfiltration-
membrane (0.125 m? filtration-surface). The recirculated flow rate was 500 L/h and
transmembrane-pressure-difference was 3.75 bar on 25 °C. (Rektor, Pap, Kokai, Szabé, Vatai &
Békassy-Molnar, 2004)

The pre-filtrated raspberry extract was concentrated by reverse osmosis (RO) flatsheet-
membrane (0.216 m? filtration-surfaces, 97 % salt rejection). The flow rate was 400 L/h and
transmembrane-pressure-difference was 43 bar on 25°C.

MF or RO membrane
tank

rotameter

pump

cooler

spiral-cooler
manometer

valve

ONoGOhwN=

- 1. —

permeate
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Figure 1: Scheme of MF, RO apparatus

2.3 Analytical methods

In the course of extraction and concentration the total soluble solid (TSS) content change was
followed by Kern’s Moisture Analysers. The density of samples was measured by Anton Paar
DMA 4500 Density Meter on 20°C.

To determine the total anthocyanin content of samples two buffer solutions were used:
potassium chloride (pH=1) and sodium acetate (pH=4.5) buffer. Two dilutions of samples were
prepared with proper dilution factor. The absorbance of each dilution was measured at 517 and
700 nm. The total anthocyanin content was expressed in cyaniding-3-glycoside (Cevallos-
Casals & Cisneros-Zevallos, 2003).

The total phenol content was determined with the Folin—Ciocalteu reagent, in accordance with
the method of Singleton & Rossi (1965). The total phenol compound was determined in relation
to gallic acid with spectroscopy method. Detection was achieved at 760 nm.

The total flavonoid content was determined using the Dowd method as adapted by Meda,
Lamien, Romito, Millogo & Nacoulma (2005). Absorbance was determined at 415 nm by
Genesys 5 Spectrophotometer.

3. Results and discussion

3.1 Results of membrane filtration

The raspberry extract was pre-filtered by microfiltration. During the measurements the permeate
flux (J) was continuously calculated from the flow rate, time of filtration and membrane surface.
With this filtration method the total solid content (TSC) of extract didn’t change significantly. The
TSC of the four basic raspberry extract were between 0.7-1.5 %.



During the MF measurements the best results were reached with 100% ethanol sample. This
filtration was the fastest, permeate flux started from 250L/h. The slowest was this sample where
only water was the extraction solvent. The flux was 28-10 L/h. (Figure 2.)

In case of all experiments the permeate flux decreased over time. The permeate was used for
further concentration.
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Figure 2: Clarification by microfiltration Figure 3: Concentration by reverse osmosis
membrane (500 L/h, 3.75 bar, 25°C) membrane (400L/h, 43 bar, 25 °C)

After the pre-filtration, raspberry extract was concentrated by reverse osmosis. Figure 3 shows
the permeate flux of raspberry extract concentration as a function of volumetric reduction rate
(VRR, f). With the RO 2-3.4% and ~3 VRR were reached. In the permeate TSC was 0%. With
the RO membrane the solvent could be filtrated. In case of the concentrations the 100% water
sample was the fastest (Figure 3.). Ethanol produced slow the concentration.

Before every filtrations, permeate flux was measured with clear water-ethanol solution. From
these data membrane resistance (Ry) was calculated with transmembrane-pressure-difference.
After every measurement the action was repeated. From this data and Ry fouling membrane
resistance (Rg) was determined. Known Ry and Rg and used resistance model the resistance of
polarization layer was calculated. (Listiarini, Sun, Leckie, 2009. Békassy-Molnar &Vatai, 2006)
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Figure 4: Resistances changes during MF Figure 5: Resistances changes during RO
(500 L/h, 3.75 bar, 25°C) (400L/h, 43 bar, 25 °C)

The membrane resistance was lower in case of MF because almost all components can go
through the microfiltration membrane. (Figure 4.) In case of RO it was higher because of the
pore size. On the surface of MF membrane Rr increased when more water was in the extraction

4



solvent. In case of RO Rg and Rp were very changeable. (Figure 5.) Both resistances were
higher when more ethanol was in the extraction solvent.

3.2 Analytical results

In the course of clarification and concentration total soluble content (TSC) was measured with
moisture analysers and total anthocyanin-, phenol- and flavonoid content of samples were
determined with analytical method. Results of analysis are collected in Table 1.

In case of anthocyanins and phenols we can see that the microfiltration membrane did not
contain the valuable components significantly, it was suitable for clarification. If we see the
flavonoids in the MF retentate components were concentrated. If we want to concentrate this
component it is better to use the retentate to make concentration or use smaller pore size
membrane (ultrafiltration and nanofiltration).

Table 1: Results of analytical measurements (MF-P and RO-P are the permeates; MF-R and
RO-R are the retentates)

Anthocyanins [mg/L] Basic MF-P MF-R RO-P RO-R
100% ethanol 34.663 23.814 21.851 0413 44.736

70% ethanol 25.881 25.622 31.821 0.000 67.310
50% ethanol 34.198 25106 23.608 0.310 65.347
100% water 26.604 20.870 22.420 0.207 57.754

Phenols [mg/L] Basic MF-P MF-R RO-P RO-R
100% ethanol 2.804 2.315 2.335 0.899 6.131

70% ethanol 4.153 3.836 3.803 0.377 9.048
50% ethanol 4.894 3.995 4.855 0.529 10.046
100% water 2.745 1.144 1.713 0.311 3.122

Flavonoid [mg/L] Basic MF-P MF-R RO-P RO-R
100% ethanol 0.120 0.075 0.101 0.000 0.263

70% ethanol 0.073 0.036 0.105 0.000 0.071
50% ethanol 0.077 0.019 0.147 0.002 0.048
100% water 0.021 0.006 0.019 0.000 0.026

By reverse osmosis membrane the anthocyanins, phenols and flavonoids were retained. In the
RO retentate there were two or tree times more valuable components than in the original
raspberry extract. In the RO permeate there was nothing or little amount of all measured
components. The concentration method was suitable for concentration of valuable compounds,
as the results show.

4. Conclusions

In this work application of two environmentally friendly filtration technologies were applied for
separation and recovery of extraction solvent and concentration of anthocyanins, phenols and
flavonoids from extract of elderberry marc.

Microfiltration was used for the clarification of the raspberry extract to remove the suspended
solids. The total solid content of the original extracts were 0.7-1.5 %. End of our study we can
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say that the microfiltration was suitable for prefiltration. It did not contain the valuable
components except flavonoids where in the MF retentate there was enrichment.

After the clarification the raspberry extract was concentrated by reverse osmosis. The RO was
suitable for concentrating, 2-3.4% TSC was reached with 3 volumetric reduction rate. The
competence of membrane filtrations was supported by analysis. The most amounts of valuable
components were in the RO retentate.
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Abstract. Berries are rich in phenolics, flavonoids and anthocyanins, which have been
suggested to be responsible for their health benefits. The concentrations of phenolic, flavonoid,
anthocyanins of 5 berries varieties grown in the china's northeast region were examined.
Among the varieties tested, rowanberry and blue honeysuckle contained the highest total
phenolic content with 625.1 + 23.2 and 568.2 + 9.4 mg/100 g fresh berries, respectively. The
total flavonoid content of rowanberry (6566.4 + 10.0 mg/100 g fresh berries) was around 5.5-fold
higher than that of strawberry. Blue honeysuckle had the highest anthocyanin content (367.5
8.79/100 g) of the varieties tested. Rowanberry possessed the highest antioxidant activity. The
proliferation of HT29 and HepG2 human cancer cells was significantly inhibited in a dose-
dependent manner after exposure to rowanberry, blueberry, sea buckthorn, strawberry, and
blue honeysuckle. The results suggest that phytochemicals in the selected berries have potent
antioxidant and anti proliferative activities in vitro.

Keywords. Phytochemicals, phenolics, cancer cell, Antioxidant activity, Antiproliferative
activity.
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Introduction

Epidemiological studies demonstrated that consumption of berries and vegetables, especially
wild berries, were significantly associated with the prevention of chronic diseases such as heart
disease(Yang, Liu & Halim, 2009), cancer(Shu, Cheung, Khor, Chen & Kong, 2010), diabetes,
and Alzheimers’s disease(Chaudhry & Dore, 2009). In recent years, there is evidence that the
complex mixture of phytochemicals, for instance, phenolics, flavones, anthocyanins in berries
provided protective health benefits mainly through a combination of additive and/or synergistic
effects. It has been reported that more than 30% of human cancers could be prevented by an
alternative strategy of appropriate dietary modification. Tumor promotion is the only reversible
event during cancer development(Nzaramba, Reddivari, Bamberg & Miller, 2009); therefore,
early intervention targets will inhibit cancerous cell proliferation.

Berries such as blackberry, black currant, blueberry, cranberry, and lingonberry are rich sources
of antioxidants capable of scavenging oxygenated free radicals which can damage cellular
components such as DNA, proteins, or membrane lipids(Kahkonen, Heinamaki, Ollilainen &
Heinonen, 2003). Carcinogenesis is a multistep process, and oxidative damage is linked to the
formation of tumors through several mechanisms induced by free radicals causes DNA damage,
which, when left unrepaired, can lead to base mutation, single- and double-strand breaks, DNA
cross-linking, and chromosomal breakage and rearrangement(Wu et al., 2010). This potentially
cancer-inducing oxidative damage might be prevented or limited by dietary antioxidants found in
fruits and vegetables. This study aimed to characterize the antioxidant activity and
phytochemical composition of China-grown 5 berries from Greater Higgnan Mountains area.
Furthermore, this study sought to correlate the phytochemical composition of extracts of these
berries with antioxidant activity as well as their antiproliferative activity in HT-29 human
colorectal cancer cells and HepG2 human liver cancer cell lines.

2. Material and Methods
2.1 Extraction

The phenolic compounds of berries were extracted using the method reported previously by Liu
laboratory(Liu et al., 2009). Briefly, 100 g of fresh weight of the edible part of berries was
weighed and homogenized with chilled 80% acetone (1:2, w/v) using a chilled JJ-2 Tissue
disintegrator for 5 min. The sample was then further homogenized using a FA25 Superfine
Homogenizer for an additional 3 min. The homogenates were filtered, condensed and stored. All
data collected were reported as meanstSD for at least three replications.

2.2 The Contents of Antioxidant Composition

The contents of total penolics in samples were analyzed by the Folin-Ciocalteu colorimetric
method described previously by Liu laboratory(Wang, Liu, Gao, Parry & Wei, 2009). The total
flavonoid content of the acetone extract was determined by a colorimetric method described
previously(Mustafa, Hamid, Mohamed & Abu Bakar, 2010). The total anthocyanin (Xu & Chang,
2009a) in berry extracts was determined using a modified pH differential method described
previously.



2.3 Total Oxyradical Scavenging Capacity

A total oxyradical scavenging capacity (TOSC) assay was used for determining total antioxidant
capacity of extracts(Winston, Regoli, Dugas, Fong & Blanchard, 1998). Peroxyl radicals
generated by thermal homolysis of ABAP resulted in the oxidation of KMBA to ethylene, which
was monitored by headspace gas chromatographic analysis. Antioxidant activity was assessed
at three different time points (20, 40, and 60 min) and 4 different extract concentrations to
determine the TOSC value.

2.4 Trolox Equivalent Antioxidant Capacity

The method is based on the ability of antioxidant molecules to quench the long-lived ABTS+e, a
blue-green chromophore with characteristic absorption at 734 nm, compared with that of Trolox,
a water-soluble vitamin E analog (Pellegrini et al., 2003). The addition of antioxidants to the
preformed radical cation reduces it to ABTS, determining a decolorization. Results were
expressed as TEAC in pmol of Trolox per g of sample.

2.5 Measurement of Inhibition of HepG2 and HT29 cell Proliferation by Berry
Extracts

The antiproliferative activities of berry extracts were measured by the MTS assay described
previously(Xu et al., 2009b). Cell concentrations of 2.5x104/well in the growth media were
placed in each well of a 96-well flat-bottom plate. The cell number was determined from a linear
response curve during 96 h of cell growth. After 6 h of incubation at 37°C in 5% CO2, 10 pL/well,
media containing various concentrations of berry extracts were added to the cells. Cell
proliferation (percent) was determined at 96 h from the MTS absorbance (490 nm) reading for
each concentration compared to the control. At least three replications for each sample were
used to determine the cell proliferation (percent) value.

2.6 Statistical Analysis

Statistical analysis was conducted using SigmaPlot version 10.0. Differences among vegetable
samples were determined using the ANOVA test. For relationship plots, significance of the
relationship was determined by regression analysis of variance using Minitab release 12
software (Minitab Inc., State College, PA).

3. Results and Discussion

3.1 Chemical Profile of the Extracts

Phenolic contents of selected berries are expressed as mg of gallic acid equiv/100 g of fresh
weight, ranging from 127.0 to 625.1 mg/100 g FW of berries. Among all the berries analyzed,
rowanberry and blue honeysuckle contained the highest total phenolic content with 625.1 £ 23.2
and 568.2 £ 9.4 mg/100 g fresh berries, respectively (Table 1).

Great differences among the berries were found in their flavonoid contents (from 94.2 to 556.4
mg catechin equivalents /100g fresh weight). The total flavonoid content of Rowanberry (556.4 +
10.0 mg/100 g fresh berries) was around 5.5-fold higher than that of Strawberry (Table 1).

Blue honeysuckle had the highest anthocyanin content(367.5 + 8.7g/100 g) of the varieties
tested, followed by blueberry, which are all very dark in colored, indicating a high proportion of
anthocyanins (Table 1). Among berries, the ones with low anthocyanin content (rowanberry)



had total phenolic contents as high as in the anthocyanin-rich berries (Blue honeysuckle),
indicating a larger proportion of other phenolics in these berries.

Table 1 The amounts of total phenolics, flavonoids and anthocyanins of berry extracts obtained
based on colorimetric assays and antioxidant properties for berry extracts determined as TEAC
and TOSC. The results were expressed as mean + SD.

Total Total Anthocyanin
. phenolics Flavonols s TEACP TOSC
Berries GAE
(mg (mgC/100  (mg CGE (UM TE/g) (UM Vc/g)
/100 g) ) /100 g)
rowanberry 625.3+23.16 556.4+15.70 26.5+1.50 60.33+2.11 114.2+10.91
blue 582.6+9.39 431.8+9.41 358.8+16.36 58.85+1.51 112.9+7.96
honeysuckle
blueberry 427.3+7.52 362.7+14.29 250.8+7.07 48.96+1.12 93.4+7.20
sea buckthorn 227.6+7.18 102.3+19.87 8.2+1.08 16.34+0.19 13.0+1.05
strawberry 127.0+31.59 94.2+11.70 30.4+1.45 10.45+0.08 9.6+0.93

@ GAE: gallic acid equivalents; C: (+)-catechin equivalents; CGE: cyanidin 3-glycoside
equivalents; TE: trolox equivalents.

®1C50 for inhibition of ABTS radical formation.

3.2 Antioxidant Activities

The acetone berry extracts of selected were able to interact with the stable free ABTS+- radicals
efficiently and quickly. The EC50 values (Table 1) showed that the ABTS++ scavenging activity.
Among the five berry extracts, rowanberry had the highest scavenging ABTS++ (63.64+1.67 mM
TE/Kg FW) capacities, whereas, Strawberry had the lowest scavenging and ABTS++ (1.9210.02
mM TE/Kg FW) capacities. The other three cultivars with free-radical-scavenging capacities
were Blue honeysuckle, blueberry, and sea buckthorn, in descending order.

The results of the TOSC assay for total antioxidant activity were expressed as pmol of vitamin C
equivalents per gram of berry (Table 1). All the berries used in this study exhibited considerable
antioxidant capacities against peroxyl radical in a dose-dependent manner. The total antioxidant
activity of rowanberry (114.2+10.91 pmol of vitamin C equivalents per g) was highest. The
lowest total antioxidant activity occurred in strawberry, while activity in the other berries ranged
from 112.9 ymol of vitamin C equivalents per gram for blue honeysuckle to 13.0 pmol of vitamin
C equivalents per g for sea buckthorn.

The results of the statistical analysis of these free-radical-scavenging capacities were similar:
there were no significant differences in scavenging TOSC and TEAC. Along with the TOSC and
TEAC data, it provided evidence that berries are capable of interacting with different radicals,
suggesting that berries may have biomedical applications in reducing body oxidative stress, a
deteriorating situation arising from elevation of various reactive oxygen species (ROS). However,
this study investigated these berries only with radical-scavenging tests in vitro. It must be
emphasized that the evaluation of in vitro antioxidants in a simple test model does not
necessarily indicate their activity in the environment in vivo.



3.3 Effect of Berry Extracts on HT29 and HepG2 Cell Viability

Human Colorectal cancer HT29 cells were treated with medium containing variety berry extracts
(20-180 mg/mL) for 48 h. The cell viability of HT29 cells treated with berry exract was evaluated
by MTS assay. Cell proliferation was significantly inhibited in HT29 cells treated with different
doses of berry extracts for 48 h when compared to the vehicle group (P < 0.05 or P < 0.01).
Antiproliferative activity was also measured as the median effective dose (EC50), where a low
EC50 value translates to a high antiproliferative value. The EC50 values for the berries were
measured as follows: Rowanberry (38.011£1.89) followed by, Blueberry (47.14 + 4.56), Sea
buckthorn (104.66 +1.89), Strawberry (109.42+6.29), and Blue honeysuckle (144.18 £ 9.82).
The EC50 of Rowanberry was significantly lower than all other berries (p < 0.05).

Cell proliferation was analyzed at 48 h after incubation of HepG2 cells with media containing
extracts of 0, 12, 16, 20, 30, 40, 60 and 80 mg/mL of berry extracts using the MTS assay.
HepG2 cell proliferation was inhibited in a dose-dependent manner after exposure to all of the
berry extracts. The EC50 values for the eleven berries were measured as follows: Rowanberry
(25.65 £ 2.79), followed by Sea buckthorn (35.61 £ 3.41), Blueberry (39.25 + 2.93), Strawberry
(561.67 £ 2.49), and Blue honeysuckle (55.16 + 4.82).

Liver cancer HepG2 cells were more responsive to berry extracts treatment than Colon cancer
HT-29 cells. In both HT-29 and HepG2 cells, there were no observable significant correlations
between antioxidant activity (TEAC and TOSC) and inhibition of cell proliferation or between TP
and cell proliferation inhibition.

3.4 Cell Morphology

To examine the effect of rowanberry extracts on HT29 and HepG2 cell proliferation, changes in
cell morphology were also assessed at 48 h after rowanberry treatments with different doses.
Under experimental media-treated control conditions, the two cells appeared healthy and to be
growing to 100% confluence. After exposure to 10 mg/mL of rowanberry for 48 h, cells numbers
were noticeably reduced and appeared to be less dense. Further, at 40mg/mL rowanberry
concentration, cells exhibited the characteristic features of cell shrinkage, rounding, and partial
detachment and demonstrated the lobulated appearance of apoptotic cells.

These results suggested that cold-field berry extracts, especially wild rowanberry has a higher
antioxidant and antiproliferative activities in vitro. The obtained results could be beneficial for the
development of berry extracts for pharmaceutical application or food supplements in order to
prevent and treat illnesses and improve patients’ overall health. Further research is needed to
identify active constituents in rowanberry studied and elucidate its inhibitory mechanisms on HT-
29 and HepG2 cells.

Conclusions

Among the varieties tested, the research findings show rowanberry and blue honeysuckle
contained the highest total phenolic content with 625.1 + 23.2 and 568.2 + 9.4 mg/100 g fresh
berries, respectively. The total flavonoid content of rowanberry (556.4 + 10.0 mg/100 g fresh
berries) was around 5.5-fold higher than that of strawberry. Blue honeysuckle had the highest
anthocyanin content (367.5 + 8.7g/100 g) of the varieties tested. Rowanberry possessed the
highest antioxidant activity. The proliferation of HT29 and HepG2 human cancer cells was
significantly inhibited in a dose-dependent manner after exposure to rowanberry, blueberry, sea
buckthorn, strawberry, and blue honeysuckle. It is therefore, concluded that phytochemicals in
the selected berries have potent antioxidant and anti proliferative activities in vitro.
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