
Floating – 
Scourge of Fruit Processors?

TE C H N I CA L AP P L I CAT I O N

IN F O R M AT I O N



Introduction

The use of pectin as gelling and thickening a-

gent in the production of fruit spreads and fru i t

preparations for industrial processing (e.g. yo-

ghurt fruit preparations) has a long tradition. 

In addition to a pleasant texture and a natural-

ly fruit typical flavour the pre s e rvation of fru i t s

as well as the even fruit distribution in both

glassware and containers are decisive quality

criteria in the industrial production of fruit pre -

parations containing whole fruits or fruit pie-

ces (fig. 1).
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FL OAT I N G – 
SC O U R G E O F FR U I T PR O C E S S O R S?

In order to prevent floatation, that means the

undesired rising of the fruits, the recipe para-

meters can be modified in a way that, at a de-

fined filling temperature, the gelation process

has already started in an extend that the fruits

are bound in the emerging gel structure. This

effect can result in the so called pre-gelation

which often has a negative influence on tex-

ture and syneresis behaviour of the final prod-

ucts.

Objective of the tests is to develop a method

which is able to provide information if a fruit

preparation shows floatation or not. At the

same time the influence of measures for pre-

vention of floatation on the texture of the final

products is studied. 

Beside the sensory visual determination of the

floatation behaviour and texture particularly

the determination of the rheological parame-

ters yield stress, viscosity and breaking stre n g t h

are of special importance. 

It is objective to show that, at a defined filling

temperature, not only a defined viscosity but

also the presence of a certain yield stress is ne-

cessary to prevent floatation. 

Furthermore special pectins are investigated

which are able to prevent floatation thus

resulting in products with attractive texture.

fruit preparation
with floatation of

the fruits

Figure 1: Fruit preparations

stable fruit prepa-
ration with even
fruit distribution

filling

In this context, texture and gelling properties

of the fruit preparations essentially depend on

recipe parameters such as soluble solids content,

type of sugar, pH-value, addition of buffer salts,

pH-value of the product as well as on the used

pectin type and the filling temperature. 



flow resistance of a sphere in an indefinite

yield we can replace FW – FB by:

FW – FB = m · g = VP ·  · g = VP · (P – F) · g [2]

m = mass of particle – mass of fluid [kg]

g = gravitational acceleration [m/s2]

VP = volume of the particle [m3]

 = density of particle – density of fluid 

[kg/m3]

P = density of particle [kg/m3]

F = density of fluid [kg/m3]

Using Stokes’ law FD it can be substituted as

follows: for FD = 3 ·  · dP ·  · v where dP s t a n d s

for the average diameter of the particle,  for

the viscosity of the fluid and v for the particles

velocity.

FD = 3 ·  · dP ·  · v [3]

dP = average diameter of particle [m]

 = viscosity of fluid [Pas]

v = velocity of particle [m/s] 

The volume of the particle (assumed as a

sphere) can be described as:

VP =     ·  · dp
3 [4]

Regrouping and rearranging the terms in the

above equation we arrive to the following re-

lationship for the particles velocity:

v = [5]

3
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Physics of floatation

As shown in figure 2 there are 3 forces acting

on the particle: Buoyancy FB, frictional (drag)

force FD and weight force FW. Both, buoyancy

FB and frictional (drag) force FD are acting up-

w a rds. Buoyancy tends to float the particles and

drag force resists the acceleration of gravity.

The weight force FW is the only force acting

downwards and results from the gravitational

force (Shearer, Hudson, 2008).

buoyancy FB (F, V)

Stokes’ law

frictional (drag)
force FD

(, 0, s, v)

weight force W (P, V)

An even distribution of the particles in the fluid

is a function of its immobility and results if the

described forces are able to counterbalance each

other. We obtain:

FW – FB = FD [1]

FW = weight force [N]

FB = buoyancy [N] 

FD = frictional (drag) force [N]

Acting on the assumption that the particles

have a spherical shape and FD describes the

Figure 2: Forces acting on a particle in a fluid

1
6

d2 · (P – F) · g
18
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the recipe, differing values to prevent reliably

floatation of the fruits or fruit pieces. Not until

the critical yield stress 0 , c r i t . is reached in the

production of the fruit preparation, the fruit

pieces are immobilized. The critical yield stress

depends on the shape of the fruit pieces as

well as the soluble solids content of the fruit

preparation. 

If the density of the particle is higher than the

fluids density (P > F) the velocity direction is

downwards, in contrary if (P < F) the velocity

direction is upwards. 

Only in the case that both densities are equal

(P = F) the particles velocity becomes zero

and the particles are immobilized.

Measure Benefits/Result Possible Disadvantages

maximize heat viscosity inrease of  will destroy fruit pieces

reduce filling temperature inrease of  pre-gelation,
microbiological problems

adapt density of particles to
density of fluid, e.g. increase
cooking time

reduction of     o ff-taste caused by long cooking-
time, long production time

reduce size of fruit pieces reduction of buoyancy B fruit pieces too small

maximize agitation even distribution of fruit
pieces

will destroy fruit pieces

Table 1: How to minimize floatation

Regarding equation [5] the goal of the proces-

sor of fruit preparations is to get a velocity as

low as possible in order to minimize floata-

tion. Table 1 shows that for this purpose there

are different approaches resulting in benefits

but also in possible disadvantages:

Regarding equation [5] in the face of viscosity,

the particles’ velocity can be considered as zero ,

if the viscosity tends to infinite. This special

case occurs if a yield stress 0 exists. The yield

stress which is needed to prevent floatation is

called the critical yield stress 0 , c r i t ..

Table 2 shows that in practice the necessary

critical yield stress must have, depending on

Tendency to Floatation at Filling Temperature

Fruit Piece Size < 40°Bx 40°Bx > 40°Bx

raspberry broken

lower

low

higher

peach 6mm dices medium
cherry whole fruit medium

strawberry 16mm dices high

10mm dices high

whole fruit very high

Table 2: Critical yield stress
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tent of the recipe pectins with suitable calcium

reactivity were used for the tests. 

In order to reach the requested critical yield

stress either the calcium dosage or the calcium

reactivity of the pectin used can be increased

in the given recipe and filling temperature.

In order to reach a yield stress in the re s p e c t i v e

fruit preparations in our tests, the calcium do-

sage in each recipe was varied. By rheological

determination of the yield stress and simulta-

neous visually observing of the floating be-

haviour the necessary critical yield stress t0,crit.

could be determined for the given filling tem-

perature. Depending on the soluble solids con-

Pectin Type Calcium-
reactivity

Setting Rate Typical Degree
of

Esterification

Typical Degree
of Amidation

Apple Pectin Citrus Pectin

Amid AF 005 Amid CF 005 low slow 35% 15%

Amid AF 010 Amid CF 010 medium medium 32% 18%

Amid AF 020 Amid CF 020 high rapid 30% 20%

Table 3: Reactivity of low methylester, amidated pectins

LMA pectin with
medium reactivity

LMA pectin with
high reactivity Pectin Amid AF 020

LMA pectin with low
reactivity

increasing calcium concentration

Figure 3: Reactivity of low methylester, amidated pectins      
(20% TSS, pH 3.2)

For fruit preparations mainly low methylester,

amidated pectins are used. Low methylester,

amidated pectins gel with calcium ions accord-

ing to the egg-box model. Depending on TSS

diverse calcium reactivities are necessary.

To find the right pectin for the different TSS

ranges in our investigations it is useful to

know that low methylester, amidated pectins

have different reactivities. The reactivity is a

result of different degrees of amidation and

esterification. 

On the basis of previous tests the pectin with

the calcium reactivity suitable for the different

soluble solids contents was selected. The most

suitable pectins are those which are, due to

their reactivity, able to form homogeneously

firm set gels covering a wide range and being

independent from the calcium dosage. 

Figure 3 shows that the most suitable pectin

for a very low soluble solids content of e.g. 20%

and pH approx. 3.2 is the low methylester, ami-

dated Pectin Amid AF 020 with high calcium

reactivity.

Reactivity of low methylester, amidated pectins
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Pectin Amid AF 010 with medium calcium reac-

tivity.

As seen in figure 4, the best pectin for a low

soluble solids content as e.g. 40% and pH

approx. 3.2 is the low methylester, amidated

LMA pectin with
medium reactivity

LMA pectin with 
low reactivity

Pectin Amid AF 010

LMA pectin with
high reactivity

increasing calcium concentration

Figure 4: Reactivity of low methylester, amidated pectins (40% TSS, pH 3.2)

dated Pectin Amid AF 005 with low calcium

reactivity can be used (see figure 5).

For a high soluble solids content as e.g. 60%

and pH approx. 3.2 the low methylester, ami-

LMA pectin with
medium reactivity

LMA pectin with
low reactivity Pectin Amid AF 005

LMA pectin with 
high reactivity

increasing calcium concentration

Figure 5: Reactivity of low methylester, amidated pectins (60% TSS, pH 3.2)

a calcium dosage with which for the first time

t h e re was no floatation of the fruits, is defined

as critical yield stress.

The determination of yield stress and viscosity

at a specified filling temperature of 70°C was

e ffected using the Rheometer Physica MCR 301.

To determine the yield stress the shear stress

was reduced logarithmically over time. The

assessment can be done e.g. using the tangent

method in the log gamma/log tau diagram.

Determination of the critical yield stress and

viscosity

The determination of the critical yield stress

and viscosity at 70°C was done in a cherry fruit

p reparation which was produced in dependence

from the calcium dosage with different soluble

solids contents. Prior to determining the yield

stress and the viscosity using the rheometer,

the fruit preparation was sieved in order to

avoid measuring errors caused by fibers and

fruit pieces. The yield stress being observed at
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Evaluation of floatation

If the fruit preparation was floating at the spe-

cified filling temperature has been assessed

sensorily (visually) by a sensory research team.

Determination of the setting temperature

For determination of the setting temperature

the oscillating rheometer Bohlin CS 10 was

used. For the measurement the preparation was

placed in the test chamber and then cooled

under defined conditions. 

For determining the viscosity the shear rate

was increased over the time. The viscosity was

determined at a defined shear rate.

Measuring
System:

Z3 DIN

shear stress 0.05Pa – 50Pa
log ramp, down

time 120s

temperature 70°C

Measuring
System:

Z3 DIN

shear stress 0 – 120s-1

linear ramp, up

time 120s

temperature 70°C

Measurement
System:

PP 40 (plate-plate,      

frequency 1Hz

shear stress 0.06Pa, linear ramp

s t a rt temperature 95°C

end-temperature 20°C

cooling rate 2°C/min.

gap 1mm

The setting temperature of the formula was

taken as the temperature when, due to the be-

ginning gel formation, the elastic shares in-

crease very strongly resulting in an immensely

i n c reased storage modulus G’ (tangent method). 

Determination of breaking strength

As, due to the fruit pieces contained, it is not

possible to determine the breaking strength of

cherry fruit preparations, the same products

were produced using strawberry pulp. The de-

termination of breaking strength (20°C) was

done with the Herbstreith Pektinometer Mark

IV.

Table 4 illustrates again the recipe parameters

used as well as the methods.

4 0 m m )

Material Methods

production of cherry fruit preparations with
maintained cherries
• increase of Ca2+ dosage
• variation of TSS (30 – 60%)
• Tfill = 70°C

• sensory evaluation of floatation at Tfill and 
texture of the final product

sensory research team

• rheological determination of yield stress and 
viscosity at Tfill ( 7 0 ° C )

• rheological determination of setting tem-
perature

production of strawberry fruit preparations
with strawberry pulp
• increase of Ca2+ dosage
• variation of TSS (30 – 6 0 % )
• Tfill = 70°C

• rheological determination of yield stress and
viscosity at Tf i l l ( 7 0 ° C )

• rheological determination of breaking 
strength (20°C)

Table 4: Material and Methods
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Results

For each tested soluble solids content (30 – 60%)

it could be seen that the typical curve flow of

yield stress and viscosity recur in dependence

from calcium dosage.

Fig. 6 shows such a typical curve flow. Regar-

ding the yield stress curve in dependence from

calcium dosage, three ranges with different in-

crease can be seen. If a tangent is applied to

the curve in each range, two intersections re s u l t

(A and B). A yield stress is formed as soon as a

gel net in the gel preparation is formed. The

more calcium ions available, the more bonding

points and the higher the yield stress deter-

mined (range 1). 

Starting at a defined calcium dosage (point A)

the gel formation starts already at a tempera-

ture above the measuring temperature. This

can be shown with the strawberry fruit prepa-

ration as the breaking strength curve has its

maximum exactly in point A (see figure 8). If

the maximum breaking strength exceeds due

to a higher calcium dosage, the setting tem-

perature is above the filling temperature and

the gels become again weaker due to pre-gela-

tion. Pre-gelation means that an over-reaction

between the pectin molecules and the calcium

ions occurs. Fine gel particles are formed, the

gel arrangement looses its elastic character and

the texture becomes pasty resulting in a reduc-

tion of gel strength. At mechanical treatment

the gel looses water, syneresis occurs.

The velocity of gel formation gets higher the

more calcium ions are available (decrease of

setting time). By overlapping with this gelling

process the yield stress in range 2 between A

and B increases intensely.

yield stress by
weak gel net

% Ca-citrate

Figure 6: Critical yield stress at 70°C

gelling temperature
higher than

filling temperature

strong 
pregelation, 

loss of elasticity
syneresis

range 1 range 2 range 3

yield stress
viscosity
0,crit.
(sensorical)

0,crit.
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If the calcium dosage will be still increased, the

p roducts with calcium dosages above B are pre -

gelled to an extent that the gel looses water

already when reaching the measuring temper-

ature (70°C). This results in a strong decrease

of both viscosity and also the elastic shares of

the fruit preparation. Thus the yield stress is no

longer able to inrease intensely.

In all tests the critical yield point (yield point,

at which for the first time there was no float-

ing) was reached at higher calcium dosages

than in point A and often in the range of maxi-

mum viscosity.

It is conspicuous that the critical yield stress de-

termined lies in the range of calcium dosages

above A and often in the range of maximum

viscosity. In practice this means that with the

addition of calcium ions the critical yield stress

can be reached, the texture of the resulting

fruit preparation, however, is pre-gelled with

high tendency to syneresis.

Figure 7 shows viscosity and yield stress of the

sieved cherry fruit preparations in dependence

from the calcium dosage.

The curve of the yield stress shows a typical s-

shaped flow in dependence from the calcium

dosage and the viscosity of the tested fruit pre -

parations increases up to reaching a maximum

and then decreases again having reached a

defined calcium concentration. By means of

sensory assessment of the floatation behav-

iour a critical yield stress of 0.53Pa could be

determined which is in the range of the viscos-

ity maximum when calcium is added. 

Figure 8 shows breaking strength and yield

stress of the fruit preparations produced with

strawberry pulp in dependence from the calci-

um dosage. In dependence from calcium dosage,

the curve of yield stress displays a flow compa-

rable to that of the cherry fruit preparations.

The breaking strength increases up to reaching

a defined calcium dosage and then decreases

again. The texture of the fruit preparation is

spreadable and gets a slightly elastic-viscous

character with increasing calcium dosage. With

calcium dosages above the maximum value of

the breaking strength the products become sof-

ter and show an increasingly pre-gelled texture .

% Ca-citrate

Figure 7: Yield stress and viscosity of cherry fruit preparations (70°C), 
30% TSS, pH 3.2, Pectin Amid AF 020 
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Figure 8: Yield stress (70°C) and breaking strength (20°C) of strawberry
fruit preparations, 30% TSS, pH 3.2, Pectin Amid AF 020 
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Figures 9, 11 and 13 illustrate the viscosity and

yield stress of cherry fruit preparations in de-

pendence from calcium dosage at 40, 50 and

60% TSS. The fruit preparations have been

manufactured using the pectin appropriate for

this TSS range. All TSS ranges investigated show

comparable curve flows of yield stress and also

viscosity. The higher the critical yield stress de-

termined, the higher the soluble solids content

of the fruit preparation. With increasing soluble

solids content the viscosity of the fruit prepa-

ration increases implicating the necessary criti-

cal yield stress moving closer to A.

% Ca-citrate

Figure 9: Yield stress and viscosity of cherry fruit preparations (70°C),
40% TSS, pH 3.2, Pectin Amid AF 010

yield stress
viscosity
0,crit.
(sensorical)
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Figure 11: Yield stress and viscosity at 70°C of cherry fruit preparations,
50% TSS, pH 3.2, Pectin Amid AF 005
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Figure 13: Yield stress and viscosity of cherry fruit preparations (70°C),
60% TSS, pH 3.2, Pectin Amid AF 005
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Figures 10, 12 and 14 show yield stress and

breaking strength of strawberry fruit prepara-

tions in dependence from calcium dosage at 40,

50 and 60% TSS. For the TSS range the appro-

priate pectin was used.

The maximum bre a k i n g s t rength of all investi-

gated fruit preparations is reached in A, at

higher calcium dosages pre-gelation occurs re-

sulting in a loss of gel strength.

% Ca-citrate

Figure 10: Yield stress (70°C) and breaking strength (20°C) of strawberry
fruit preparations, 40% TSS, pH 3.2, Pectin Amid AF 010
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Figure 12: Yield stress (70°C) and breaking strength (20°) of strawberry
fruit preparations, 50% TSS, pH 3.2, Pectin Amid AF 005
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Figure 14: Yield stress (70°C) and breaking strength (20°C) of strawberry
fruit preparations, 60% TSS, pH 3.2, Pectin Amid AF 005
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As a summary, figure 15 illustrates the yield

s t ress of cherry fruit preparations with diff e re n t

soluble solids contents in dependence from the

calcium dosage, also the sensorily determined

critical yield stress for each soluble solids con-

tent is shown.

% Ca-citrate

Figure 15: Yield stress and viscosity of cherry fruit preparations (70°C), 
30 – 60% TSS, pH 3.2
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Figure 16 shows the critical yield stress in de-

pendence from soluble solids content for the

tested cherry fruit preparations (filling temper-

ature 70°C). It becomes obvious that with in-

creasing soluble solids content the necessary

critical yield stress has to be higher to prevent

the fruits from floating. It has to be considered

that these values cannot be seen as absolute

values, they are valid only for the present con-

ditions.

% TSS

Figure 16: Critical yield stress of cherry fruit preparations (70°C), 30 – 60% TSS
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Special pectins to prevent floatation

Floatation can only be surely prevented by pre -

sence of a yield stress which can be reached by

altering the recipe parameters (in this case the

calcium dosage), the resulting products, how-

ever, do not meet the requirements of produc-

ers of fruit preparations regarding texture.

H&F has developed special pectins which are,

due to their manufacturing process, able to form

a yield stress lying above the critical yield stre s s

already without separate calcium addition. 

Furthermore the products are characterized by

a spreadable up to elastic-viscous texture. 

Figure 17 shows yield stress and breaking

strength of strawberry fruit preparations with

a soluble solids content of 40% manufactured

with pectins A and B. The critical yield stress

determined with pectin A (Pectin Amid AF 010)

in this system is approx. 0.75Pa and lies in B.

The fruit preparation being manufactured with

the special pectin B shows, already without any

addition of calcium, a yield stress which lies

with 1.1Pa clearly above the necessary critical

yield stress. The maximum of the breaking

strength curve of the fruit preparations manu-

factured with Pectin B is reached at a calcium

dosage of approx. 0.05%. At calcium dosages

below this maximum the resulting products

have an elastic-viscous and spreadable texture

without pre-gelation. 

% Ca-citrate

Figure 17: Yield stress (70°C) and breaking strength (20°C) of strawberry
fruit preparations, 40% TSS, pH 3.2
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Thus with the special pectins of H&F fruit pre-

parations can be produced for which floatation

of the fruits is surely prevented over a wide

soluble solids range and at the same time –

depending on the recipe – spreadable-viscous

up to elastic-viscous texture without pre-gela-

tion and syneresis are formed. 

yield stress pectin B
breaking strength pectin A
breaking strength pectin B

Special Pectin B
0 > 0,crit.
even withour the addition of Ca2+
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Figure 18 illustrates the critical yield stress and

the yield stress, which is reached with H&F

special pectins without a separate calcium ad-

dition, in dependence from soluble solids con-

tent. The values apply for the tested cherry

fruit preparation and a filling temperature of

70°C. It is obvious that H&F special pectins al-

ways reach a yield stress which is higher than

the critical yield stress thus preventing floata-

tion reliably.

With determining the elastic and viscous share s

it can be shown that H&F special pectins for

floatation prevention have mainly elastic share s

already at very high temperatures, but the ge-

lation process did not start yet. Measuring con-

ditions correspond to the determination of the

setting temperature of a jelly fruit mass using

the Rheometer Bohlin CS 10 (oscillating meas-

urement: temperature gradient at constant fre-

quency and amplitude). Measuring curve G’

and G’’ resp. the phase shift angle  p ro v i d e

information on the ratio of elastic and viscous

s h a res. If the elastic shares of a gel pre p a r a t i o n

overbalance, then a yield stress is available.

Figure 19 shows that H&F special pectins are

able to form a yield stress over a wide temper-

ature range and already at very high tempera-

tures without the gelling process having star-

ted yet.

Due to the yield stress, fruit preparations man-

ufactured with Pectin B have more elastic

shares (G’ > G’’) already at high temperatures,

the phase shift angle is  < 45°. Fruit prepara-

tions without yield stress have more viscous

shares (G’’ > G’), the phase shift angle  is

higher than 45°.

The real gelation, however, does not start until

reaching the temperature at which the elastic

shares increase disproportionately high. After

assessing the G’ curve using the tangent

method, for both pectins A and B 65°C are

determined. 

% TSS

Figure 18: Critical yield stress and yield stress of fruit preparations made 
with special pectins in dependence from TSS (cherry fruit pre-
paration pH 3.2, 70°C)
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Figure 19: Determination of setting temperature
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Conclusions

For the prevention of floatation fruit prepara-

tions have to have a defined yield stress (criti-

cal yield stress t0,crit.) when reaching the filling

temperature. If this yield stress is reached by

altering the recipe parameters, e.g. by increas-

ing the calcium dosage, indeed products with

even fruit distribution are obtained, however

the texture is pre-gelled and the product tends

to syneresis. 

With specially developed pectins from H&F it is

possible to manufacture fruit preparations

which form a yield stress already during the

heating process and without separate addition

of calcium.

With that the floating of fruits and fruit pieces

in fruit preparations is reliably prevented. The

products are characterized by their attractive

texture and are also excellently suited for in-

dustrial processing.

Further i n f o rmation on the anti-floating pectins

of H&F you can find in our new technical appli-

cation information “ Pectins with Anti-Floating

Effect”.
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