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lo-20 g/L.

It is clear that if the final use of the cells as food additive requires a lower

percentage of water (for example, if they are required completely dried, or freeze-dried),

then an additional step will be necessary to be incorporated for the elaboration of the

final product.

There are as well other factors that should be considered at this point in order to

define more precisely the process of preparation of the biomass as food. These are, at

least the washing of the cells, in order to eliminate their excess of salts and the treatment

of the food to get it free of microbiological activity and with the required degree of

4

- 80%). The clear

liquid obtained in the centrifuge would be then passed through a membrane module,

with the objective to provide a complete clear liquid stream to be pumped to the next

compartment. As the continuous centrifuge uses water to discharge the solid paste

retained in it, that is the cells, there is a certain final degree of dilution of the cells, that

typically are discharged from the centrifuge at a concentration of about 

aztecs in Mexico (Becker 1991).

In order to be used as food supply, the biomass obtained in the photosynthetic

bioreactors has to be first harvested. The process of cell harvesting has already been

described in TN 37.3. Basically, the system proposed in this study consists of two units:

a centrifuge and a membrane module. The centrifuge is envisaged to recover the cells,

producing a paste with a high percentage of liquid elimination (75% 

Rhodospirihm  in

compartment II, as food supply. Previous studies have shown that both microorganisms

can be used as supplement in the food diet of rats (Borowitzka 1988, Tranquile and

Emeis 1997). On the other hand, Spirulina has been used as an important source of

proteins in children suffering from malnutrition and different types of food and pills

based on Spirulina are commercialised widely. Also has been used as human food for

centuries, and forms part of the diet of tribes of Lake Chad and was used as food by

W,

1 INTRODUCTION

The general concept of MELISSA includes the use of the biomass generated in

the two photosynthetic reactors, Spirulina in compartment IV and 
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water content. Clearly, these steps can be combined, as some operations can enable to

reach simultaneously two of the objectives. Their selection and application depends also

on the definition of the conditions envisaged in the final product.

In this Technical Note, the definition of a procedure for the biomass

conservation and preparation for the crew compartment is discussed, and two final

possibilities are presented for consideration.

This work is presented in three parts. In the first part, harvesting, dewatering and

additional specific treatment of biomass (mechanical treatment, health conditioning) and

the effect of these treatments on the biomass quality have been included. In the second

part, the conservation procedure is considered. In the third part the issue of the

definition of the quality of the obtained biomass (composition and microbiological

analysis) is addressed, and the corresponding analytical methodologies to characterise it

are documented in the annexes at the end of the document.

5



(*Z): If biomass composition analysis is carried out after preliminary biomass processing, it may not be necessary to perform it again
later.

Figure 1: General process out-line for biomass recovery and use as food supply.

6

(*I): Deionized water will be used (the same water quality that is used in the reactors). Quantity depends on biomass volume and
concentration of this biomass.
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2.1 GENERAL PROCESS

The general scheme for the process required for the biomass recovery and use as

food supply is described in the next figure. The details on each step the process is

described in the following sections.

optional

Edible biomass conservation and preparation. TN43.22 1

2 PART I 



Spirulina as well as Rhodospirillum can be harvested by centrifugation, and

many studies demonstrate that the same method can be carried out for both

microorganisms (Becker 1981, Borowitzka 1988, Ripley and Fox 1996, Grizeau et al.

1996).

The centrifugation system proposed in TN 37.30 is a continuous disc stack

centrifuge. In it, liquid is eliminated continuously from the centrifuge, while solids are

retained, and discharged in a discontinuous mode. Water is used to proceed to such

intermittent discharge of the solids from the centrifuge. This operation causes a certain

dilution of the solids, but on the other hand it makes possible to combine the solid

recovery from the centrifuge with water washing, as this is one of the steps required in

the process, as discussed in the next point. Both steps, centrifugation and washing, can

be carried out alternatively using centrifugation cycles, recovering cells and suspending

them with fresh washing solution (buffered or saline solution if necessary).The use of

buffered water in the centrifuge cycles allows to preserve cell integrity and therefore

minimises the losses of cell components,

The global configuration of both steps is shown in Figure 2.

7
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2.2 BIOMASS HARVESTER

The function of the cell harvesting system at the outlet of the photosynthetic

compartment is to separate the cells, to be further processed for food preparation, and

the water, to be used in the next compartment of the loop. The different possibilities to

carry out this function were analysed in TN 37.30, and a combination of two techniques,

centrifugation for cell recovery, and membrane filtration of the liquid stream before

connection to the next compartment were selected as the most appropriate processes for

the pursued objective.



pH which tends to be

8

Rhodospirillum  0.5), very different from rt pH (10.0 

pH it is not adequate. Spirulina grows

in a basic 

pH and salinity of the washing solution

Washing solution could produce cell disruption if 
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2.3 BIOMASS WASHING PROCEDURE

The purpose of biomass washing is to eliminate salts and some undesired

compounds such as metals or residues from growth medium than could affect biomass

quality. Some studies made with this type of biomass have verified that biomass

washing reduces considerably the contents of elements that could produce problems

related to human health (Borowitzka 1988, Ripley and Fox 1996).

The washing processes could be carried out before or ‘after the harvesting

processes. Both possibilities have advantages and disadvantages, and the decision also

depends on the final harvesting system to be used.

To wash the cells before harvesting seems to be a first alternative, to considered.

In this cell-washing mode, a membrane filter retains cells, and fresh wash solution is

added to cell suspension at the same time filtrate is removed. Due to the occurrence of

membrane clogging when a high cell concentration is used, this method of cell washing

was discarded (See TN 37.30, part II).

In industrially used methods, biomass (in this case, Spirulina) fall onto a

filtration screens and fresh water jets which also rinse salts from biomass. Later, slurry

is taken to a vacuum-belt filter where it is dewatered and a paste-slurry is recuperated

(Ripley and Fox 1996).

The harvesting method selected for food application is the centrifugation. Using

a centrifugation system to harvest biomass cells can be washed with centrifugation

cycles, recovering cells and suspending them with fresh wash solution. This alternative

has the risk of cell disruption and some compound may leak out to the medium. This

system may require a large amount of water (although the precise quantity will be

optimised during the experimental phase in order to minimise it, and depends on cells

concentration, and the operating conditions: feed flow rate and rpm that which the

centrifuge works) that has to be later recovered.

Another important point to consider is 



Rhodospirillum.  Therefore, the same equipment can be used for both microorganisms.

Disc stack centrifuge will work at higher flow-rates that the ones described in

TN 37.30 (5-10 l/h instead of 2 l/h). Increasing flow rates provide higher separation

efficiency and minimize water consumption because a bigger amount of biomass is

treated per each water discharge.

During the washing procedure some amount of filtrate 1 (see Figure 2) may be

recycled to the centrifuge inlet in order to increase the inlet flow. This filtrate 1 will

reduce additional water consumption and a better concentration factor for the biomass

9

1
n-washing step

Washed
Biomass

Figure 2: Global configuration of the biomass harvester and washing

procedure.

Harvesting and washing proposed procedure is the same for Spirulina and for

I

Gtomembrane1

Filtrate 1

F1 C,,rC, Q Q, 

i Feed

r---

Centrifuge

Fresh feed

pH is very close to neutrality and should not present

any problem from a practical point of view.

seeems that a washing step with water does not produce important osmotic

changes in the cell, even though this point will require to be tested.

Rhodospirillum can be more sensible to osmotic changes than Spirulina, but on

the other hand its culture medium 

pH than cell growth

medium. All practical references of Spirulina production show a washing step with

fresh water (Becker 1981, Borowitzka 1988, Ciferri 1983, Lembi, Wharton, Smemoff,

Avemer 1988). This can be possible due to the cell wall structure of Spirulina.

Therefore, it 

+ 0.1). Fresh washing solution ought to have similar 
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1

will be obtained. N-washing steps will be conducted until salts content will be reduced

at a specified value.

2.4 BIOMASS HEALTH CONDITIONING TREATEMENT

After the completion of the washing process it is necessary to ensure that

biomass does not content any microbial contamination and, therefore can be consumed.

There are different methods to reduce microbiological charge: thermal treatments as

pasteurisation; sterilisation (Bettison and Rees 1991) and others methods that have been

developed recently such as microwave, ohmic heating (Bettison and Rees 1991) and

radiation (Chadwick and Ehlerman 1977, Stuart Thorne 199 1).

Depending of the final product use and treatment, biomass has to be sterilised. In

some techniques, this requirement is intrinsically satisfied by the technique. For

example, in a drum-drying process,(Becker 198 1) biomass temperature reaches high

enough levels to assure biomass sterility. The same occurs if an extrusion-cooking (

Fellows 1996, Stuart Thome 1983) treatment is made. So, a previous and independent

step of biomass sterilisation may be not always necessary.

Water percentage in biomass has also to be considered. Usually, it is easier to

sterilise a low concentrated liquid rather than a high viscosity one and the hardware

equipment required is not the same. There are less possibilities to use different methods

when biomass is more concentrated. Another possibility to take into account is the

biomass treatment inside the final packaging process.

Table 1 summarises advantages and disadvantages of the different biomass

treatments considered.

Edible biomass conservation and preparation. TN43.22 



- Very indicated for packaged food
as a final method to preservation

Due to the biomass characteristics the best methods for sterilisation are classic

11

- In some countries it is not
authorised because of problems
with human health and safety

- Very expensive method, only
recommended for high productions

- Best for packaged food (in plastic)

no1
known what effects could produce
on the cells

2
packaging aseptic line next tc
ohmic svstem.

Method in development. It is 

- It is recommended to use 

2
liquid

fol
foods that have big particles into 
.on the cells. System only tested 

- It is know what effects can produce

it
biomass is not liquid. Special heal
exchangers are necessary

- It needs especial equipment 

- It is recommended to use an aseptic
packaging line next to UHT system.

i
biomass is not liquid. Special heal
exchangers are necessaries

treatmen
is not adequate (time/temp
incorrect)

It needs special equipment 

ant
protein denaturalisation if 

some
nutrients as vitamins, pigments 

she1
life

Can produce losses of 

- Product conserve nutrients and
organoleptical properties

Disadvantages

Destruction of microbiologica
charge is not total. Limited 

- Microbiological contaminants are
destroyed

- Automated and clean method

- Does not produce important
modifications to product.

- Vegetative cells and spores are
inactivated and water content
reduced

- Similar to high sterilisation

- Does not degrade the product

. Produces long-life products, does
not require storage under
refrigerated conditions

. Product can be stored for a long
time period

- Less modifications or losses of
nutrients are produced

- Destruction of pathogens and
others microorganisms that could
damage the final product

- It is an easy and well known
system

3hmic heating

Microwave

Radiation

Advantages

Easy method, well known

Used in the Spirulina products
factories

Destruction of pathogen micro-
organisms

More economic than
methods if product has not
stored for an indefinite time

other
to be

:emperature)
righ
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Table I: Main characteristics of different biomasss treatment procedures.

I’echnique

Pasteurisation

LJHT (ultra



“C and so it is sterilised.

However, this method is only applicable for products with high added value (proteins,

carbohydrates).
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choosed when the product will be used shortly after its

production (immediate consume) is the concentrated drink, like a “tomato juice”. This

presentation has a number of advantages with respect to others. One of them, and not

the less important, is that the mechanical treatment for such presentation is much simple

than for other presentations. It only requires a certain dewatering up to the desired

concentration for an agreeable ingestion and a pasteurisation to provide the required

safety protection.

The most commonly used methods to dry liquid products are drum-drying or

spray-drying (Fellows 1996). The drum drying process ruptures the algae cell wall,

making the valuable protein digestible, and at the same time sterilises the product

(Becker 1981). Those advantages together with the fact this method is used in food

industries make of it a good option to treat the biomass.

Modem methods such as extrusion can be a good alternative in the consumption

of this kind of food, especially if organoleptic properties are consireded. Cooking

extrusion process rises biomass temperatures around 170 

lo%,

otherwise different microbial growth could take place. Two systems allow to achieve a

water activity reduction up to a totally safe level: froze and dry. From that point there

are different possibilities. Selection of the method is based principally on some

parameters like volume of biomass to be treated, production cost and biomass utilisation

(to immediately consume or for a long conservation before consumption).

The presentation 

Edible biomass conservation and preparation. TN43.22 1

thermal treatments and radiation, but cost and safety problems of radiation are too high.

2.5 BIOMASS MECHANICAL CONDITIONING TREATMENT

To preserve biomass it is necessary to reduce its water content to less than 



Stepwise procedure for algae protein concentrate preparation.
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+

Figure 3: 

+/

+
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1
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e-------
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)
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Freeze dry
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i. 

2), but it is an interesting application. The methodology to be used has many steps as

shown in Figure 3 (Nakhost and Karel 1989) and only makes good use of a portion of

the total biomass.

Algae packed cells

Edible biomass conservation and preparation. TN43.22 1

The possibility to use the microalgae protein as a single cell protein (SCP)

(Bourland and Vodovotz 1998, Lembi and Jassby 1988, Nakhost and Karel 1989) has

now gained prominence. This method has some advantages and disadvantages (see table



spray-

drier, etc.) and so, work in better conditions than concentrated biomass. Fibre portion

could be further treated to be digestible and to have a better texture.

Table 2 summarises the main advantages and disadvantages of the most

common methods that could be used.

14
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Another similar possibility (not considered in Table 2) would be to disrupt cell

components with a mechanical method, for example, to obtain two main parts: one with

the cell wall fiber components, and another with the rest of the cellular material. After

disruption, these two fractions can be separated by centrifugation: in one hand, a liquid

portion with nutrients and in the other hand one fibre compound. The liquid portion,

could be treated with any of the previously exposed methods (pasteurisation, 



- Cooking extrusion sterilise product

15

- Enhances organoleptic properties
(better taste and apearence)

- The capability to use this procedure is
products (cereals, scentigs, flavours) often unknown

- Possibility to mix with other 

- Maximum efficiency in operation is
Easy to incorporate in other products necessary

Extrusion

(SCP) _

- Expensive method
concentrate are removed

- Cell wall, nucleic acids and pigments 

- High quality product

Protein 

- May be mixed with other ingredients

- Need a previous step of biomass
sterilisation

- Easy packaging

-

- Oxidation is easy and needs to be

Uniform product appearance
packaged and conserved in darkness

lrying _ It is fast and few space is required

- Low solubility in water and juices- Commercially widely used

- High quality product

Spray

- Sterilises the product

- Increases protein efficiency ratio

-
is better

Loses of vitamins (B complex)irying consequently digestibility of product
- Very expensive method- Cell wall rupture takes place and 

Qing _ Does not degrade product
high

Drum 

- Expensive method when production is- High quality product

-
what temperature

Freeze 

- There are not standard criteria on

Best system from biomass storage
which is the best freezing system and

- Biomass may be preserved for a long
frozen properly

time with crioprotectors

- Cell wall rupture may take place if not- It is an easy system to handle?rozen 

- May produce organoleptic and
physiological problems

- Aqueous presentation allows easy
use of additives.

- Immediate consumption is necessary,
otherwise can be preserved for a few
days from 0 to 2°C

Dis,advantages

rasteurised.
Avoids losses of nourishes.--

- Treatment is not necessary
biomass 
Tresh

fechnique Advantages
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Table 2: Mechanical biomass treatment summary.



- Conservation system depends on treatment and it will be necessary, in some cases, a

microbiological and organoleptic analysis to assure product quality before product

consumption.

16

- The type of package to be used depends on product characteristics, shelf life,

package-food interactions, storage volume, etc.

- An aseptic packaging line after biomass treatment will minimize contamination risk.

- It is recommended to pack the powder in metal-coated plastic film. This kind of

packaging protects against oxidation of p-carotene and accumulation of moisture.

- Fatty acids can also be oxidizable. This problem may be avoided if an antioxidant is

added and the product is packed in inert or modified atmosphere inside a metallic or

plastic package.

- The p-carotene is easily oxidizable, the product can lose colour, and produce

organoleptic problems.

- Biomass should be conserved in anoxigenic atmosphere, without humidity and heat.

Before storage it is necessary to make humidity analysis to assure proper product

quality.

- BIOMASS CONSERVATION GUIDELINES

Conservation process depends on biomass treatment. In general, the following

points have to be considered:

Edible biomass conservation and preparation. TN43.221
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Rhodospirillum)

17

centrifugation,  due to the

small size of the cells (Becker 1981). In most cases, a further concentration step or

drying of the harvested microalgae slurry is necessary. In these cases methods such as

drum drying or spray drying are normally used.

Microalgae produced in clean cultures will be utilised primarily as food, but one

of the major drawbacks is the production cost. In some cases, in large-scale production

when Spirulina grows naturally in a lake a pasteurisation step to exclude the presence of

faecal bacteria is applied (Ciferri 1983).

Taking into account the previous literature concerning to microalgae production

and utilisation, various criteria of quality for the utilisation of biomass as human food

should be developed, including some aspects of nutritional-quality and toxicological

criteria, in particular: approximated chemical composition, biogenic toxic substances

(microtoxines, other toxins), non-biogenic toxins (wastes from cultivation and

processing), biochemical nutritional studies, safety evaluations (feeding trials in

animals) and acceptability.( Becker 1981, Borowitzka 1988, Ciferri 1983, Ripley and

Fox 1996, Ortega 199 1).

Data on the chemical composition of biomass (Spirulina and 

- BIOMASS OUALITY

4.1 PRELIMINARY CONSIDERATIONS

The traditional methods used in algae culture take place in lakes with

moderate/high alkalinity. The microalgae are collected with a filtering system and then,

dried in the sun. This method involves some risk, principally those related to the

contamination of the biomass. A more advanced approach is the biomass cultivation in a

tank specifically designed to enhance algae production. Harvest technologies have been

tested as alternatives to the filtering system, i.e. coagulation, flocculation, sand

filtration. Among them, the most commonly used method is 

Edible biomass conservation and preparation. TN43.221
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1

give key basic information on the nutritive potential of biomass. In addition, this

proportion can be modified by specific cultivation conditions such as composition of the

culture medium, and light intensity.

Evidence of the nutritional quality is only one of the basic requirements for

successful utilisation of biomass in food preparations. Equally important is to guaranty

the toxicological safety of the material. Some toxicological investigations have been

successfully performed jointly with a satisfactory nutritional quality obtention by

several authors (Ortega 1991, Saiz et al. 1993, Tranquille and Emeis 1997).

Critical biomass components have to be within specifications as defined by the

corresponding analysis in order to have enough precision and fiability of the data

obtained. In some cases the analysis error can make not possible the obtention of

ultimate results and conclusions

Some compounds may change depending on treatment and preservation

processes, therefore in some cases additional analysis will be required to verify final

product quality, in addition to microbiological analysis.

All the pilot plant installation has to be built taking into account sanitary aspects

that may produce biomass contamination like residence time in holding tanks,

sedimentation, and others. For instance, the installation has a couple of tanks that work

as buffer tanks between the biomass production in the reactor and its further processing.

The tanks begins empty or almost empty and stores biomass until it can be processed in

the following step, then the tank is drained until it becomes empty again. It is necessary

to verify if the residence time of the biomass in the tank installed between the reactor

and the centrifuge unit develops any contamination. The same problem has to be

checked in the tank installed between the washing step and the final treatment step.

18
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- Nucleic acids

-Chlorophyll, phycocyanin and carotene

Frequency of analysis will depend on the duration of each step of the process

and the source of the biomass. Analysis will be made in the steps pointed out in

the general and final schemes shown in this TN.

19

- Fatty acids

- Carbohydrates

- Total protein

P(optiona1), - Chemical elemental composition: C, H, N, S 

- Ash and ash compounds

produce some toxicity and

characterise the quality of

- Water content

Mrulina  BIOMASS OUALITY

Spirulina is the microalgae that has received more attention in terms of

toxicological characteristics and properties. Relating to human studies there are less

published results, but only in few cases intestinal problems were detected.

Chemical composition of Spirulina cells will give a basic information about their

nutritional

also toxic

nutrition.

potential. The determination of the contents of their main compounds, and

substances is important to determine if it can be used as food for human

Firstly it is necessary to make chemical composition analysis of biomass, either

freeze dried or fresh (results may change). Also, additional determinations of the quality

of product will be necessary, for example, total protein, nucleic acids, chlorophyll,

minerals and metals, in general any compound that can

digestibility problems.

The following chemical analysis are proposed to

Spirulina as food:

Edible biomass conservation and preparation. TN43.22 1
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- Chlorophyll and pigments: toxicity problems caused by their degradation have

been described, so high percentage is not permitted.

20

(2g/day).

contens,  but others termic treatments does. In the organism prevents

against megaloblastic anaemia and contributes to the lipid metabolism and protein

synthesis.

-Fatty acids: the ratio between unsaturated and saturated fatty acids (PIN/SAT)

is an important coefficient for the definition of the biomass quality. For nutritional

aspects (low cholesterol). Spirulina contains large amounts of polyunsaturated lipids,

what makes it an interesting property as food supply

-Nucleic acids: may produce toxicity problems (uric acid in humans) when the

intake is higher than permissive values 

B,, 

after harvesting procedure affects vitamin content. HTST system do not

affect vitamin 

B,, does not exist in the vegetables only in

the meat, so it is important in the vegetarian’s diets. It is combined with proteins and

increases the value of SCP (single cell protein). It is interesting to know how processing

of the algae 

B,, Vitamin 

B,, (unprocessed): 20g of Spirulina provide all

the daily body requirements of 

vitamine 

cintent  of micro-algae are very

limited. Spirulina have highest 

60-70% of total dry weight. Also it is

necessary to make aminoacids analysis to check whether the proportion of essential and

non-essential aminoacids is appropriate (high quality protein).

-Carbohydrates: carbohydrates percentage is a relevant parameter, as directly

influences protein efficiency ratio (PER). Also, the quantity of carbohydrates that are

difficult to degrade, because they are part of the cell wall, should be determined. Cell

wall of cyanobacteria is composed of lipopolisaccharide and peptiglucan and does not

contain cellulosic material.

-Vitamins: The data available on the vitamin 

K’ for

example). Moreover it is possible to have a contamination with heavy metals (residues

from cultivation and processing steps)

-Protein: protein ought to represent a 

(Na’ and 

Edible biomass conservation and preparation. TN43.22 1

4.2.1 Analysis of biomass compounds affecting quality

-Ash compounds: some compounds can produce health problems, and it is

necessary to check if they are present within the security range 



pH are also different from

(minerals and heavy metals) may have other percentages.

4.3.1 Quality parameters

glycogen, and so accumulate

Spirulina and ash compounds

Taking into account the above related considerations, the analysis to be made for

Rhodospirillum biomass quality will be the same as for Spirulina, except for special

compounds such as:

-PHB: poly-B-hidroxibutiric acid is accumulated in the cell and may produce

problems in harvesting step and in nutritional biomass value because reduce

protein efficiency ratio (PER).

-Glycogen: is a reserve polisaccharide and also reduce protein efficiency ratio.

Total value of glycogen can be compared with total carbohydrates value.

These two compounds increase their presence in biomass when culture medium

is nitrogen limited as described in the literature (Grizeau et al. 1996).

21

B,, is

also important. Rhodospirillum can produce PHB and

them in the cell and decrease relative protein content.

Culture medium and 

Edible biomass conservation and preparation. TN43.22 1

4.3 Rhodospirillum BIOMASS QUALITY

Rhodospirillum have not been so extensively studied as Spirulina in human

nutrition and toxicity data are less available. In rats food acceptability studies took place

with success (Tranquille and Emeis 1997). The same considerations previously made

for Spirulina can be extended to biomass analysis of Rhodospirillum with some

differences

General chemical composition is slightly different and obviously it is very

important to consider the complete biomass analysis.

Protein content is less high than for Spirulina Fatty acids content is different and

polyunsaturated acids are not present in important quantities. Vitamin content of 



“C in lh.
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St.aureus:  killed at 60 

15’-20’  at 60 “C.E.coli: killed in lh. at 55°C and 

termically  treated. Before sterilisation these values are not expected to be high.

Depending on the contamination, treatment has to be more or less severe. For example:

FAOWHO food standards (Codex

Alimentarius Comision) and NTS Ingredients S.L Company.

Permissive values change depending on each aliment and the particular standard

for pathogens, bacterial absence it is necessary after sterilise or if the product will not be

lshown in this

TN. List of pathogens is coming from literature, 

-Staphylococccus  aureus (absence)

-Pseudomonas aeruginosa (absence)

Bacterial detection test will be made as described in the Annex 

-Enterobacteria  (absence)

coli (absence)

-Salmonella (absence)

c.f.u/g)

-E. 

c.f.u/g- 20000 
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4.4 MICROBIOLOGICAL OUALITY

Biomass quality includes also microbiological quality. To assure this quality

some characterisation in this aspect is also proposed. An analysis after harvesting

procedure will determine eventual contamination degree and will enable to set the

intensity of the treatment requirements to avoid the contamination.

Before biomass sterilisation or pasteurisation microbiological analysis must

guarantee absence of:

-Total bacteria (4000 
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After the microbiological treatment, an additional analysis will determine if

treatment has been applied successfully. The final product will be tested and controlled

by an additional analysis made on a sample product.

23



after.

During the pasteurisation process as well as during the packaging and storage of

the product, it may experiment some changes in their composition (lost and/or

degradation of some components), and organoleptic changes (colour, flavour and taste)

that have to be controlled. To make the product more attractive to the consumer it may

be certainly possible to add some additives to correct the colour, flavour and taste or

some preservative to prevent its degradation. All those aspects will be tested at the end

of the process according the quality analysis results.

The second presentation proposed is as powdered biomass. In this case the

biomass is taken after harvesting and washing process and is driven to a drum-drying

system. This system has two heated rotary drums. The biomass falls over the rotary

drums and the excess water is eliminated by evaporation due to heated drums surface. In

this process the biomass temperature rises so high values that it becomes sterilised. This

fact together with the remaining advantages exposed in Table 2 lead to the inclusion that

this system as another good alternative for the biomass treatment. The product may be

vacuum-packed, or modified atmosphere packed and can be stored for long time

periods. In order to verify final product quality the required analysis will be carried out.
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4”C, and has to be consumed no later than a few days 

gr/l. This concentration may be

increased up to the desired value in order to provide a reasonable amount of biomass per

litter of drink. Additionally, the biomass has to be pasteurised in order to guarantee the

proper elimination of any possible microbiological contamination. After those two

treatments the product can be packed and preserved in refrigerator at temperatures not

higher than 

(Spirulina/Rhodospirilum)  juice”, the biomass is taken after harvesting and washing

process at a concentration that ranges from 10 to 20 
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5 PROPOSED PROCESS FLOWSHEET FOR BIOMASS RECOVERY AND

UTILISATION AS FOOD SUPPLY

The complete process proposed includes two final possibilities (two product

presentations). In the first presentation, concentrated drink like a “green/red



flowsheet  proposed, with two different possibilities of

final food presentation, concentrated drink or powdered biomass
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.impact on the food quality.
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centrifugation  is available in the Chemical Engineering Department. Pasteurisation will

be applied in cooperation with the Food Technology pilot plant in UAB. Drum drying

and also atomisation are available through the cooperation with two local companies

using the thecniques intensively, which have offered the use of their pilot plants. No

attempts will be made to purchase this costly equipment, as the main objective is the

trade-off of the methodology and the assessment of its 
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The experimental runs in order to demonstrate the application of the different

techniques and its effect on biomass quality will be performed in the next part of the

work, taking profit of the operation of the MELISSA pilot plant reactors, and will be

reported in TN 43.222. In these tests several equipment will be required. Continuous
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’ This analysis will be done by the Chemical Analysis Deparment of UAB (Universitat

Autbnoma de Barcelona)

3

- Use the spectrophotometer to determine every compound. For the calibration

procedure use standard solution treated in the same way as the samples.

HCl ate

and few ml of distilled water. Cold slowly and filter and dilute to 30ml with

distilled water.

1:4 and 5ml HF. Dry with hot. Add H,NO 1:4, 5ml to HCIO, 

2ml water and add

5ml of 

70-80°C. Weight lg of sample in a silica

capsule. Put into an oven during 2h at 450°C. Mix with 

- Dry the sample during 16h at 

- Atomic absorption spectrophotometry

b) Procedure:

- HF

HNO,- 

HClO,- 

- DW. Distilled water

- Oven at 450”

- Silica capsule

K

a) Material and reagents

1

Analysis of Ca, P, Fe, Na, CL, Mg, Mn, Zn, 

Methods of analysis for edible biomass conservation and preparation. TN43.221

1 Mineral composition 



pH and time dependent.

4

11111.

. Calculate the protein concentration of the sample by interpolation of its

net absorbance value in the standard curve.

Note: The absorbance obtained is 

mL of distilled water instead of cell suspension, and a set of standard protein

solutions (0.05-0.2 mg protein) are treated in the same way, including the

heating stage. After standing 30 min to allow full colour development, measure

all optical densities against the reagent blank at 750 

mL of reagent (iv). A reagent blank containing

0.5 

mL of reagent (iii), allow to

stand 10 min, and rapidly add 0.5 

NaOH, place in a boiling water

bath for 5 min, and cool in cold water. Add 2.5 

mL of 1.0 N 

mL of washed cell suspension (0.1 -mg dry weight of cells)

into an ordinary test tube, add 0.5 

mg/ml.

b) Procedure.

Measure 0.5 

- (v) Protein standard: bovine serum albumin, 0.2 

NaOH using

phenolphthalein as indicator. It is then diluted with distilled water to make the

total acidity exactly 1 .O N

teatring a sample with 1.0 N 

- (iv) Diluted Folin-Ciocalteau reagent. The total acidity of the concentrated

reagent is determined by 

mL of reagent (i) add 2mL of reagent (ii), prepare immediately

before use and do not keep.

- (iii) To 50 

tartrateCuSO,SH,O in 1% sodium potassium - (ii) 0.5 % 

Na$O,- (i) 5% 
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2 Total Proteins

Lowry modified method

a) Reagents



m-n for primary aminoacids

and 262 nm for secondary aminoacids. Oven temperature is 40 “C. This

method has a special injection program to derivate the samples before they

are injected and a gradient of two eluents to separate all aminoacids in 18

min.

5

- Analysis method: The detection is done at 338 

lO”C,  24 h. Filter the hydrolyse from

the cell preparation. Derive with OPA ( primary aminoacids) and FMOC

(secondary aminoacids) reagents, using Aminoquant method and analyse with

the HPLC equipment described. Compare with standards results.

HCl 6N at 1 - Hydrolize the sample with 

(20/40/40)

b) Procedure:

Acetonitrile/  Methanol / n&l) Eluent B: sodic acetate (100 -

/ 0.018%

TRIETHILAMINE(TEA)

/ 0.3% THF mM) Eluent A: sodic acetate (20 - 

79900CH-010

Control sample kit: OPA and FMOC (5061-3353, HP)

Standard aminoacid solution

16AA-572,  HP)

Guard column cartridge: 20 x 2.1 mm

Cartridge holder for guard column: 

serieII, HP

Column: Reverse phase column (Aminoquant 200 x 2.1 mm, ref

799 

- HPLC equipment:

Chromatograph: HP- 1090 

pm, cellulose acetate filter)- Filter (Millipore 0.45 

HC16M- 
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3 Aminoacids composition

Aminoacid concentration is determined by high-pressure liquid chromatography

HPLC, using an aminoacid derivatization technique, before aminoacid separation.

a) Material and reagents:



run.

6

“C for 10 to 20 min

before measurements are taken. The absorbance of the characteristic yellow

colour is measured at 488 

mL of concentrated sulphuric acid,

directing the stream of acid on the surface of the liquid and shaking the tube

simultaneously, to produce fast and complete mixing. The tubes are allowed to

stand 10 min, shaken, and placed in a water bath at 25 to 30 

mL of 5% phenol and mix,

then from a dispensing micropipette add 5 

mL) are prepared at the same part. To all tubes add 1 

mL of water,

and a set of glucose standards (0.025, 0.05, 0.075 mg glucose, in a volume of 1

mL of sample containing the

equivalent of 0.002-0.1 mg glucose. A reagent blank containing 1 

- Glucose standard

b) Procedure:

Into a test tube, add with a micropipette 1 .O 

- (ii) Concentrated sulphuric acid

- (i) 5% (w/v) solution of phenol in water

carbohvdrates

Phenol method (Herbert 1971)

a) Reagents:

1

4 Total 
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H,O blank. Plot a standard curve with the known lipid samples and

determine the unknowns graphically or by Beer’s law. Note that the assay is

based on the disappearance of absorbance at 350 nm as the dichromate is

reduced by increasing. amounts of lipids. It is thus convenient to plot the

standards as the reciprocal of absorbance against lipid concentration.

7

N2. Add 2 ml. of dichromate solution to all tubes and cap

with Teflon-lined caps. Place all tubes in a boiling-water bath for 45 min. Shake

the tubes two or three times during the heating. Cool the tubes, remove 1 .O ml of

each, and dilute to 10.0 ml with water. Read the absorbance of each tube at 350

nm against at 

0.1,0.2  and 0.5 ml of the

unknown lipid sample to marked tubes. Evaporate all tubes to dryness under

vacuum or a stream of 

5- or -10 ml screw-capped tubes. Transfer 

0.05,0.1,0.15,0.20,0.25  and 0.30 ml of the lipid standard solution to

marked 

N, to a final volume of 2 ml.

Transfer 

H,SO,.

b) Procedure

Add 0.2 volumes of water to the combined chloroform-methanol extracts

of the cells. Shake the solution for 5 min to mix well and centrifuge to separate

the phases. Collect the organic (lower) phase, leaving behind a precipitate that

forms at the interphase. Discard the aqueous (upper) phase. Evaporate the

chloroform-methanol solution under a stream of 

K&O, in Dichromate  solution. 2.5 g/l of -

mg/iml of palimitic acid in chloroform.- Lipid standard solution. 1 

- Palmitic acid.

livid content.

a) Reagents.
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5 Determination of 



“C.

8

“C (1 min)

Detector: FID 260 

2,9”C/min,  230 “C (lmin), 

p1,26O”C

Oven: 150 

- GLC Analysis conditions:

Inlet: 1.5 

chromatograph/FID. Fatty acid methyl esters are

resolved by capillary chromatography using splitless injection. The analysis

uses an external standard technique.

- Inject directly into a gas 

organics)pm, Millipore 

mL of distilled

water. Extract with hexane (lml). Filter (0.45 

“C. Add 2 thermosthatic bath lh at 100 

mL of sulfuric acid in

methanol Place in a 

- After extraction with chloroform/methanol (2: 1) evaporate the solution under

a stream of N to a final volume of 2 ml. Add 2 

p m)

b) Procedure

HP-INNOWax (30m x 0.25 mm x 0.25 - Capillary chromatography column: 

- Gas chromatography equipment with a FID (260 “C) and automated injection

system

mL of concentrated sulfuric acid.

ambar glass botlle

and very carefully add 4 

mL of methanol in an - Sulfuric acid/methanol: place 96 

- Hexane

- Distilled water

- Methanol

- Chloroform

- Sulfuric acid concentrated

CH,OH

a) Material and reagents:

H,SO,/ , using a 
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6 Fattv acids composition

Fatty acids are analyzed as the methyl esters by acid hydrolysis, esterification

and transmethylation 



run. Plot a standard curve with the

standards and determine unknown DNA concentrations by interpolation if

necessary.

9

“C for 16-20 h and read absorbance at 600 

HClO,. Add 4 ml

of the diphenylamine reagent to all tubes and mix well. Incubate all tubes at 30

HClO, to serve as a reagent

blank. Transfer 0.5, 1.0, and 2.0 ml of the unknown DNA sample to marked

screw-crap test tubes and adjust all volumes to 2 ml with 0.5 N 

“C for 45 min. Centrifuge and remove the supematant. Transfer 0.1, 0.2,

0.3, 0.4 and 0.5 ml of the calf thymus DNA stock solution to marked screw-cap

test tubes and adjust the volume to 2 ml with 0.5 N 

HClO, to another of the acid-extracted, lipid-free

pellets and resuspend the sample by vortexing or inversion. Incubate the sample

at 70 

“C for up to 3 months. Just before use add 0.1

ml of aqueous acetaldehyde per 20 ml of reagent.

Add 5 ml of 0.5 N 

H,SO,. Stable at 4 cont.  

H,O. This solution is stable at 4 ‘C for several months (acetaldehyde is

flammable and should be stored in the cold and thoroughly chilled before

opening,).

Dissolve 1.5 g of diphenylamine in 100 ml of glacial acetic acid and add

1.5 ml of 

“C for 45 min.

Acetaldehyde is cooled and 1 ml is transferred with a cooled pipette into

50 ml of 

HClO, and heating at 70 

mg/ml. A working solution is made every 3 weeks by mixing an aliquot with an

equal volume of N 

mM NAOH at a concentration. of 0.4

- Diphenylamine solution.

b) Procedure

Calf thymus DNA is dissolved in 5 

- Aqueous acetaldehyde.

- DNA standard solution.

Methods of analysis for edible biomass conservation and preparation. TN43.221

7 Determination of DNA

a) Reagents



m-n.

Plot the absorbance of the RNA standards against the RNA concentration to

obtain a standard curve. Determine the concentration of he unknowns against the

standard curve.

10

H,O.

Add 2 ml of the Orcinol reagent to each tube, seal with teflon-lined caps, and

place the tubes in running water and read the absorbance of each tube at 665 

H,O. Include a blank containing 2.0 ml of 

HClO,. Combine the supematants. Transfer 0.2, 0.4, 0.8, 1.0, 1.5 and

2.0 ml of the RNA standard solution to marked screw-cap tubes. Transfer 0. 1,

0.2, and 0.5 ml of the unknown RNA solution to marked tubes and adjust the

volume of each to 2.0 ml with 

HCIO,.

Centrifuge and carefully remove the supematant. Wash the pellet with 1 ml of

cold 0.2 N 

cont.  (pH paper) with pH 1.0 

“C. After the hydrolysis period, cool the

sample on ice and acidify the solution to 

HCl. Stable at room

temperature. Dissolve 12.5 g of Orcinol to a final volume of 25.0 ml in 95%

ethanol to obtain the Orcinol stock solution. For the Orcinol reagent mix 2 ml of

Orcinol stock solution with 100 ml of cupric ion solution. This solution should

be freshly prepared for each determination.

Add 2 ml of 0.3 ml N KOH to the remaining acid-extracted, lipid-free

pellet and incubate for 18-24 h at 30 

cont.  CuC1,.2H,O  in 100 ml of 

pg/ml. Store

frozen. Dissolve 0.15 g of 

- Cupricion solution.

b) Procedure

Dissolve yeast RNA in water to a concentration of 10 

- Orcinol stock solution.

- Orcinol reagent.

- RNA standard solution.

Methods of analysis for edible biomass conservation and preparation. TN43.22 1

8 Determination of RNA

a) Reagents.



- Add 5 ml of phosphate buffered solution previously used.

11

- Filter 10 ml of a culture suspension to separate tile culture media.

- Dual cell spectrophotometer.

b) Simple treatment and procedure.

- Liquid nitrogen.

mM EDTA.pH 7.25 0.05M  K-Phosphate buffered solution -

Sonics  materials inc.Danbury.USA)., - Ultrasonic homogeneizer (Vibra Cell 

urn Millipore filters.- 0.45 

Kg/m3)=l  1.78 A,-2.29 A,

Phycocyanin Measurement

a) Material and Reagents

(x10” 

run.

A,= Absorbance at 647 nm.

Chlorophyll a 

m-*/Kg at 663 nm as extinction
coefficient. Or alternatively as (Sestak 197 1):

A,= Absorbance at 664 

- Measure absorbance in the spectrophotometer at 663 nm against an acetone
blank.

Calculate concentration using 8200 

- Filter the sample with the Millipore filter.

- Wait 2 min.

- Submit sample to sonication 30 min to disperse the sample.

- Add the filtrate to a 5 ml 80% acetone in a test tube.

- Filter 10 ml of a culture suspension to separate the culture media.

- Dual cell spectrophotometer.

b) Simple treatment and procedure.

- Ultrasonic homogeneizer.

pm Millipore filters (acetone resistant).- 0.45 

- Acetone 80%.

nhvcocvanin measurement.

Chlorophyll Measurement.

a) Material.and reagents

Chlorophvll  and 

Methods of analysis for edible biomass conservation and preparation. TN43.221
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A,)/5.09

12

AZ-O.208 (Kg/m3)=( 

A,)/5.34

Allophycocyanin (APC) 

(PC)(Kg/m3)=(A,-0.474 

A,= Absorbance at 652 nm.

Phycocyanin 

m-n.- A,= Absorbance at 615 

- Measure the absorbance of the sample at 652 and 615 nm against a
phosphate blank

Calculate phycocyanin concentration as (Siegelman 1980)

- Let the sample equilibrate overnight at 20 “C.

- Freeze the sample in liquid nitrogen.

- Submit sample to sonication during 30 min to disperse the sample and break
tricomes.

Methods of analysis for edible biomass conservation and preparation. TN43.22 1



)

13

cm-’ mg-’ 

d)

Transfer the supematant to a quartz cuvette.

Read the absorbance at 475 for carotenoids. Read the absorbance of a

acetone/methanol solution blank at the same wavelength.

Results.

Substract absorbance of the sample from the blank.

Calculate pigment concentration using the following absortion coefficients:

Carotenoids: E= 250 (ml 

- Retain the supematant.

c) Analysis:

- Centrifuge again 10 min. 15,000 g.

- Add 10 ml of acetone/methanol solution to a freeze dried sample (v.g. 5

mg) and dissolve it. Alternatively centrifuge (10 min., 15,000 g) 10 ml of

culture solution (or the equivalent to have about 5 mg of distilled water).

Discard the supematant. Wash the pellet with double distilled water.

Centrifuge again in the same conditions. Discard the supematant. Add 10 ml

of the acetone/ methanol solution. Redissolve the pellet.

-

(v:v).

b) Sample treatment:

7:2 - Acetone:methanol solution 

run.- Spectrophotometer: fixed wavelength 475 

I

10 Carotenoid Determination

Spectrophotometric method

Liaaen-jensen (1971) (Carotenoid)).

a) Material and reagents:

Methods of analysis for edible biomass conservation and preparation. TN43.22 



- Evaporate the chloroform in a boiling bath.

14

pg.- Take a sample of the chloroform extract containing 5-50 

- Mix and centrifuge 10 min. 12000 g. Discard the supematant.

Wash the pellet with 5 ml of acetone.

Centrifuge in the same conditions. Discard the supematant.

Wash the pellet with 5 ml of absolute ethanol.

Centrifuge in the same conditions. Discard the supematant.

Add 3 ml of hot chloroform. Wait 1 or 2 min. Mix it

Centrifuge in the same conditions. Keep the supematant in a different tube.

Repeat the chloroform extraction two more times and mix the extracts.

Complete the extracts to a known volume (vg. 10 ml).

- Add 4 ml of double distilled water.

- Incubate 1 h at 37 “C.

(lo-20  mg).

- Concentrated sulphuric acid.

b) Sample treatment.

Add 1 ml of sodium hypochlorate to a freeze dried sample 

- Chloroform.

- Absolute ethanol.

- Acetone.

O-40% av. chlorine),- Sodium hypochlorate solution (1 

- Reactants:

- Spectrophotometer: fixed wavelength 235 nm.

& Slepecky (1960).

a) Material and reagents.

Methods of analysis for edible biomass conservation and preparation. TN43.22 1

11 PHB content determination.

Law 



/ dry weight.

Note: It is advisable to run spectra on pure samples of treated PHB or

crotonic acid to check stray light on the spectrophotometer. Use high quality

sulphuric acid.

15

pug /ml of PHB give an

absorbance of 0.1.

PHB concentration = net absorbance * 137.5 

(l.mol-‘.cm-‘)  (crotonic acid)) and assume as 86 the

average residue weight of the polymer. Hence 0.55 1 

lo4 

(95%-98%).

Read absorbance of a heated sulphuric acid blank.

Substract the absorbance of the sample from the blank.

d) Results.

Calculate the concentration of the PHB using a molar extinction

coefficient of 1.56 x 

run against concentrated sulphuric acid - Read absorbance at 235 

- Transfer the sample to a quartz cuvette.

- Add 5 ml of concentrated sulphuric acid, and cap the tube

Incubate 10 min. in a boiling bath.

Cool and mix it.

c) Analysis.
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“C in acetic acid 80%).

(In case of high lipid content, wash the sample with ether prior to KOH

treatment (Herbert 197 1)).

To determine the glycogen concentration, follow the analysis for the total

carbohydrate method. Express the results as glucose equivalents per unit of

sample dry weight sample.

16

mg/ml) and

precipitation at 0 

- Wash the pellet with ether.

(Further purification is possible by dissolution in water (100 

- Dry the pellet with absolute ethanol.

- Centrifuge each time in the same conditions.

- Wash the pellet twice with 60% ethanol.

_- Centrifuge 10 min. 12000 g. Discard the supematant. 

- Add 3 volumes of water and 8 volumes of ethanol.

- Incubate 30 min. in a boiling water bath.

- Add 1 ml KOH 30% to the biomass sample (about 5 mg)

4.- Ether.

b) Sample treatment:

3.- Potassium hydroxide 30%.

2.- 60% Ethanol

.- Absolute ethanol1 

GlvcoPen  measurement

Glycogen measurement: Palmsternia modified method.

a) Reagents:

Methods of analysis for edible biomass conservation and preparation. TN43.22 1
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“C for 20 min.

17

pH to 7.5. Sterilize at 120 ajust the mL). Dissolve all ingredients in distilled water and 

(5g),  distilled water (1000(log), Sodium chloride 2 Composition of tryptone water: Tryptone 

- With a sterile pipette add 1 ml of every dilution in agar plates, in order from

l/10 dilution- Mark two Petri dishes for every dilution, including the 

Ow4.

- Transfer lml of this suspension to a tube with 9 ml of tryptone water. Repeat

this operation until obtain a dilution of 1 

l/10

log of sample approximately. Add so many ml.

of tryptone water than weighted sample multiplied by 9, for obtain a dilution

of 

- Weight in aseptic conditions 

- Plate count agar (PCA)

b) Procedure

wate?- Tryptone 

- Thermostatic bath

“C- Oven at 30 

- Sterile Petri dishes

- Agitator

- Sterile pipette of lml

- Sterile flask of 200ml.

MicrobioloPical analvsis

13.1 TOTAL BACTERIA

Microbiological analysis will be done with a sample suspension in a sterile

solution from which it can be made successive dilutions. Before this, it is necessary to

grin and homogenise the sample

a) Material and reactants

Methods of analysis for edible biomass conservation and preparation. TN43.221
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consecutives  decimal dilutions

yield 25 to 250 colonies each, compute the count per gr or ml for each

dilution and report the arithmetic average as the CFU per gr or ml, unless the

higher computed count is more than twice the lower one.

18

- 250 colonies promptly

after the incubation period. If plates from two 

- Solidify the agar, reverse the plates and incubate them 72 h at 30 “C.

Count all colonies on selected plates containing 25 

- Swirl plates to mix thoroughly and allow to cool.

“C, every plate.- Add 15 ml of culture medium, cooled at 45 

Methods of analysis for edible biomass conservation and preparation. TN43.22 1
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- Prepare three series with three tubes with 10 ml of BGBL medium. Mark all

19

0e2.

- Transfer 1 ml of this suspension to a tube with 9 ml to tryptone water. Repeat

this operation until obtain a dilution of 1 

g of sample.l/10 with 10 - Obtain a dilution of 

- Indol indicator

b) Procedure

- Red methyl indicator

- VP reagent (Voger-Proskauer)

agar- Simmons citrate 

- Clark and Lubs broth

Peptone water (test for indol probe)-

- Saline solution

Conkey agarMat -

- Lactose broth, brilliant-green bile (BGBL)

- Tryptone water

“C- Oven culture at 35 

- Agitator

Standard sterile loop or needle

- Sterile pipettes of 10 ml. and lml.

- Sterile Erlenmeyer flask of 200 ml.

coli

a) Material and reagents

coliforms

coli  investigation it is necessary to start from the results obtained in the

coliform counting.

and E.

It is used the more probably number (MPN) technique for a recount of 

-E.coli

For E. 
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