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DEVELOPMENT OF AN INSTRUMENTAL TEST OF
APPLE SAUCE 'GRAININESS'

Peter W. Voisey, and Willard P. Mohr,. .
Engineering Research Service, Smithfield Experiment Station,
Research Branch, Agriculture Canada, Trenton, Ontario, K8V 5RS5.

Ottawa, Ontario, K1A 0C6.

1.0 Introduction
A textural characteristic of apple sauce commoniy referred to as

“grain" is an inportant quality characteristic which affects_sensory
reaction. Apple sauce quality has been studied by a number of workers
(e.g. Wiley and Toldby, 1960; Toldby and W11ey, 1962) and textural
characteristics established by sensory ana1y51s Recent work by Mohr
(1973) has shown that grain differences_in canned apple sauce from different
apple varieties can be attributed to the distribntion:of particle.siZes
in the prodoct. He also concluded_that a distinction should be made
between the terms "coarse" and "grainy" (commonly used synonomously in the
literature) when describing de51rab1e sauce texture. Large-sized partlcles
were found to predominate in very "coarse" sauces, medium-sired barticles
in rery‘"grainy" sauces, and small-sited particies inlvery "smooth" sauces.
On eating, itvwas thought that in addition to the perceptibie differences
in particle size, the particles comprising "coarse" sauces felt relatively.
soft between the teeth whereas the particles comprising "grainy” sauces
felt crisper. The mouthfeel property of 'smooth" sauces-can be described
as "smootn”, "very fine", "salvy", or "mushy'. .Sauces made from individual
Varieties_possessed these characteristics to. varying degreesvand in varying
combinations. "Grainy' sauces which did not have an excessive amount of the
"coarse" componentv(i.e. intermediate particle sizes predominating) were
considered by this author to have the most desirable apple sauce tekture.

"Smooth" sauces were considered the least desirable.



SUMMARY
Instrumental techniques for measuring the textural properties>
of apple sauce were examined inctuding the universal cell of the Texture
Test System, a newly designed oriface extrusion.cell, an electronic
reéording'viscometer and the-back extrusion cell of the Ottawa Texture
Measuring System. It was concluded that extruding apple sauce through an
oriface i§ not practical to measure graininess of the sauce. The optimum

test was the back extrusion cell using a 0.25 mm wide extrusion annulus.

Results from the back extrusion test are presented together with sensory
evaluations, distribution of particle size and microscopic analysis for
several apple sauce samples. Results from each test are in general

agreement.
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There is a need to measure apple sauce texture instruméntally to
study expérimental treatments and control quality in prodﬁction; A method
Qas reported by Lanza and Kramer (1967) using the Kramer Shear Preés (Kramer
et al., 1951; Kramer, 1961)'that«is manufactured, together with a series of
texture test cells By Food Technology Corp. (123000 Parklawn Drive,
Rockville, Maryland 20852). The '"Universal Cell" (Cat. No. CEl) was used.
A cyiindricai container 5.7 cm inside diaﬁeter and 7.6 cm high'was ciosed
af the bottom by.inserting a circular disc with a 4.76 mm diaméter holé in
the center.._The container was filled with apple sauce (blocking”the holé
during the process) and a-clqsé fitting pistoﬁxforced into the containef;at
31.75 cm minfl. The hole in the:bottom was ungo?ered:éndvthe piston then
extrﬁdéd the product thfoygh the hole. This is a common téchﬁique for
measuriné rheological properties (e.g. Vasic and deMén,.1967). -Thé force
on thé pistoﬂ Was recdrded during thé extrusion broceés‘aﬁd was.shown to'
fluctuate about aﬁ approkiméteiy constant'average force.( The‘aifférence
betﬁeén.thé maximum and minimum force during éxfrﬁsion ti.g.sin effect under
steady‘étaée cénditions) waé used as a féxtural index and found to correlafe
(r = 0.8 and 0.9) with éensofy assessmentvof graininess. Because our pfe-‘
liminary tests could not duplicafe this result, other methods were éxamined.‘

The particle size disfribution, suspendedlin the liquid fraction,
must affect fhe viscosity of the sauée. The.use of én electronic récording
consistometer, based on a Hobart mixer (Voisey and_deMan, 1970) to measure
sauce viscosity was,vtherefore, inveétigated. |

| The 'back extrusion' principle was a1so considered beéauéé this

involves extrusiqn aﬁd shear. The method consisfs of filling a sample

container and recording the force required to force a loose fitting plunger
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into the container to extrude the sample through the gap between the container
- wall and plunger. This procedu?e was described by Hartman et al. (1963).
Alcylindrical back extrusidn cell was developed for the Kramer‘Shear Press
to test gels (Kramer and Hawbecker, 1966) and is now sold as an accessory
integral with the univérsal cell (Cat. No. CEl, Food Technology Corp.) by
providing a loose fitting plﬁnger. Cylindrical back‘extrusioﬁ cells of
different sizes have been used to test fresh peas (Bourne and Moyer, 1968;
Voisey and Noﬁnecke, 1972), canned beet root (Shannon and Bourne, 1971), a
range of canned foods (Voisey, 1970) and reconstituted instant potatoes
(Voisey and'Deah, 1971j. This type of texture test cell is now available
o as a stand;rd accessory for the Kramer Shear Preés (ndQ ;alled.the_Tgxture~
TestvSystem, Food. Technology Corp.), the Instron Testing Mgéhine’(Instron
Corp., 2500 Waﬁhington St;, Canton, Massachusetts 02021) and the Ottawa
Texture Measuriﬁg System (Cahners Machinéry Ltd., Simcoe, Ontarid)(Voisey,
1971B; Vbiseylet 81. 1972); :Different siéés ére.used (e.g.'Vbisey, 197iA)
and vériations of the.désign such as éxtrusion‘holeé in the‘pluﬁger'(Spaté
'et al., 1973) have beeﬂlreportgd. The pfiﬁciple-has the a&?antage that
because there is a clearance between the plunger and samplé container, the
moving and_sfationary components-'of the texture test cell do not contact
éach other to introduce frictional errors in the force readings (Bourne, 1972).
There ié, however, still the effect of friction between the.sample'and teét
cell surfaces (Voisey 5nd Reid, 1974).

The purpose of thé work reported here:Was td comparé the.péfformanpe
of the Texture Test Syétem universal cell (Cat. No. CEl, Food Technology Corp.) .
with the back extrusion céll of the Ottawa Texture Measuring System and a
measurement of_tonsistency to develop an instrumental ﬁeasureﬁenﬁ of apple

sauce texture.
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2.0 Experimental Samples
Three samples of apple sauce were processed frdm_different apple

varieties at the Smithfield Experiment station and packaged in 19 oz cans.

The samples were each rated for texture by an "expert" as follows:

Sample-Variety - | Rating
Northern Spy , ‘Grainy
T-412 . “Smooth
Richared Delicious _ - Coarse

In addition, a commercial sample (purchased at rétail) was -tested.
3.0. Sensory Tests N | |
Thg fopr samples Cunidentifiga) were evaluatéa by,trainea sensory
jﬁdges to obtainva general opinion 6f theif quality. »Thé.results wefe as
follows: _ | | |
3.1 Norfhern Spy |
Thislsamplé considered ''grainy' by aﬁ expert was found: -
Very yellow in colour'(yellowest of grdup)
Sticks £o spoon - very adhesive |
Coats the mouth - glﬁey sensatibn - does not disappear from mouth
Small granule size
Consistency - too thick
Sugar lével satisfactory
Not as tart as commercial sample
.32 T—412.
This saﬁple considered 'smooth' by ah gxpert,was foundfl
Not as white as commercial éample

Mushy like.baby food
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Small granules resulting from fine sieve or blender too fine
Not enough Sugar_
Tangy taste
Liquid separates out . v )
Thinner consistency than RichanaiDeliéious and Northern Spy
Mouth feel is good
3.3 Richared Delicious
Golden in colour
Larger granules
Thicker consistency than commercial sample, but thinner than
Northern Spy“
Slightly adhesive
Lesé gluey sensation in mduth‘than Northern Spy, but has more
i.than commefciall | |
VVeryvsweet.‘
Distiﬁétivé flavour
3.4 Commercial Sample
Palest in colour (whitest of group)
Small bits included
Pours off spoon - sits up on spoon
Thinner than Northern Spy and RicharedDelicious
Smooth texture
Can sense cell rupture when chewing
3.5 Summary
The sensory aﬁamysis indicated that the samples had different

characteristics including texture and that the experts and trained judges

tended to agree.
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4.0 Determinations of Particle Size Distribution

A controlled washing'technique was used to determinebthe distri-
bution of particle sizee in each of the 4 sauce samples (Figure 1). The
reSults'proved that large-si;ed particles predominate ih coarse sauce (A),
medium-sized particles in grainy sauce (B), and small-sized particles in
smooth sauce (C). This was anticipated frem previous work (Moht; 1973)
since samples A - C represent sauce types of decreasing coerseness as
judged'subjectiVely. 'Particle size distribution of the commercial sample
(D) resembled somewhat that of the_A«sample, with large and medium-sized
particles predominating; Its total dry weight of washed puip, heweVer,'was
much lower than that of the othef 3 samples. This Qould aecodnt forithe
thin con51stency noted by the taste panelists One possible explanation of
this lower pulp content could be the use of large 51zed fruits (largely a
variety characterlstlc) and assoc1ated large ce11 size, resulting in a h1gh
moisture content relatlve to cell walls. |
5.0 Mlcroscoplc Examlnatlons o

Light microscopic observatlon of the saucevsahples corroboiated the
particle size distribution results. Although each sauce type was made up
of pafticles of all 5 size groups, certain size groups tended to predomlnate
and characterize each sauce type. Particles of the most commonly seen sizes
are shown in Figure 2. Note that large-sized partlcles typify a coarse sauce
(A, also D), medium sized partlcles a grainy sauce (B), and small-sized
'particles a smooth sauce (C). Also note that each large-sized (>1;OO mm)
particle is a cluster of many cells, each medium-sized (0.26-0.50 mh) parti-
~cle is a clustér of several cells, and each small-sized (O.lO—O.iS mm)

particle is an individual cell or cluster of only a few cells. Cell size
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was similar regardless of oarticle size; it was also simrlar for the
varieties studied, one possible exception being that the‘cells comprising
particles of the cohmercial sauce (D) appeared slightly lerger than those"
of A, B, or C. |
6.0 Exploratory Instrument Tests
6.1 Electronic Recording Viscometer

A 19 oz. can of sauce was poured into the 4 1 bowl of the electronic
viscometer (Voisey and deMan, 19%0). The Samole was stirred at speed number
2 (i.e spindle speed 90 - 95 rpm; paddle speed 300 ->317 rpm) and the torque
recorded on e.strip chart recorder with a pen capable of responding to 30 Hz
full-scale signals. Typicdi results (Figure 3) show how rhe‘torque.to mix
the sauce builds up quickly and then fluctuates with a 1arge amplitﬁde about
a constant mean torque. The mean torque.and amplitude was a minimum for
the grainy-semple,vincreased for the coarse and Was a maximum for the smooth
sample. Thos it appeared that the v1sc051ty of the three samples (1 €. mean
torque) was dlfferent and anreased with decreas1ng part1c1e size. As the
part1c1e size decreased, the amplltude_also increased. It was conc}udedv
that the instrument was capable of discriminating textural differences but
primarily on the basis of viscosity, a property related:to particle,size in
the sauce.
6 2 Universal Cell of the Texture Test System

A unlversal cell (Cat No. CE1l, Food Technology Corp ) was 1nsta11ed
in the Ottawa Texture Measur1ng System (Voisey, 1971B; Voisey et al., 1972).
The plston was drlven into the cell at a constant speed of 20 cm min -1 and
the force requ1red recorded to examlne the procedure used by Lanza and Kramer

(1967). Force was recorded on a fast response recorder (30 Hz). Tests were
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performed using 2.38 and 3.18 mm diameter extrusion orifaces. It was found
impossible to reduce the orlface diameter further because it plugged T&pi-
cal records (Figure 4) show how the force on the plunger built up rapldly
until extrusion through the oriface commenced (E). The force then reached
a plateau and remalned virtually.constant apart from minor fluctuations about
the mean. Reducing the oriface d1ameter increased the force requ1red but
d1fferences between samples were not 1nd1cated with the- two or1face‘51zes
tested. The large fluctuations about the mean that were affected by sample
texture observed hy Lanza and Kramer were not apparent. This was attri-
butedbto‘several facts.
it lhe experimental samples may have had a smaller part1c1e size

| than those tested by Lanza and Kramer and were more homogeneous and

therefore, d1d not produce similar force fluctuatlons

(3]
.

‘The plunger u%ed by Lanza and Kramer (1967) f1tted the ce11 ”snugly"v'
and friction betwecn the plunger and cell walls may have affected |
their result. The dlfference in dlameter of the cell and plunger
used in the experlment was 0. 25 mm prOV1d1ng a 0 13 mm clearance '
which eliminated the p0551b111ty_of friction between the plunger and
“cell walle. It is likely that the fluctuations observed by Lanza

and Kramer were caused by part1c1es trapped (or extruded) between the
plunger and cell wall.

3. If the'4.76‘mm diameter extrusion oriface used hy Lanza and Kramer
was uSed, it was found that no fluctuations in extrueion force occur-.

red with the experimental sanples.
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4. The recofder of the Kramer Shear Press used by Lanza and Kramer hé& a
full scale pen response time of 1.0 sec (Anon, Undated). That is, the
Shear Press recérder had a slow response.that tended to damp out ﬁﬁe
signals (compared to the 30 Hz type used in the experiment) and the'
recorded force fluctuations may. not have been precise. The fluctuations
reported were possibly average or major fluetuations (ife. integrated)
about the mean.

5.. The force transducer used in the Shear Press by Lanza and Kramer had a
capacity of 100 1b. The rigidity of this ring type transducer is not

great. It deflects considerably under applied force, thus storing
strain energy. Thus, any reductioﬂ in force resisting passage of the
piunger allows a release of strain energy causing the fiﬂg to sprihg
back to its original éhape. .This "bouﬁcing" effecf may aiso have;
affected the amplitudé of the fofce fluctuationé recérded; Tﬁé tfané; |
ducer had a low natural frequency éﬂd may have Qibratéd at gfééte¥  |
amplitﬁde than the normal static amplitude caused by the test forces:
| For tﬁe above reasons it appeared that the proéedufé.using.thé
universal cell was open to question. An improved extrusion cell design was,
therefore, fabficated to further examine this poiné.i
6.3 E.R.S., Extrusion Cell
A cylindrical cell (B,.Figure 5) was made with a loose fittiﬂg plunger

(P) to compress the.sauce into the cell. ""0" rings on the plunger sealed

the cléarance Between'the plunger and cell wall and preveﬂted leakagé dﬁring

compression. A hole in the plunger (A) was provided to bieed off any trapped
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vair and then closed by a.stopcock. An extrusion oriface insert (E) was

_ inserted in the bottom of the cell at the center. This was a free sliding p
fit in the cell body. The orifacehinsert was held in place by a 500 Kg

force transducer (T), mounted on the cell body, via a tube (C).,iThe force
transducer was very rigid (1.13 x 10° 1b/in) and had a high natural,vibration
‘frequency and could thus sense rapid-force fluctuations precisely. The

force generated by extruding'sauce through'the,oriface was reacted by the.
transducer and could thus be recorded. Expelled sauce was allowed to pass
freeiy out of a large hole (H) in the tube (C). This arrangement eliminated
the effect of friction between.the piunger‘and cell walls from the measure_
ment. | | ‘

Tests were conducted with this cell u51ng 2.38 and 3.18 mm d1ameter
extru51on or1faces and a constant plunger speed of 13 4 cm m1n 1. As before
the force was recorded on a 30 Hz recorder. Detalls of the method are 111us-
trated in Flgures 8 to 11 : | : |

Typical results 1nd1cated that textural d1fferences were not shoun
when u51ng the 3.18 mm diameter extrusion orlface (Flgure 6 A to D) The
'average force increased when the oriface dlameter was reduced to 2.38 mm
(Figure 6E to H) and the amplitude of the force flucturations increased for
the experimental apple sauce samples. There was a dramatic‘indrease in the'
case of the commercial sample (Figure 6D cf..6H) ItAwas obvious that the
textural difference between the commercial sample and the 3 experlmental
samples was 1arge The differences between the 3 experlmental samples were
small both in average force and amplitude of the fluctuations. Thus, it

appeared that the oriface extrusion method could not discriminate between
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coarse, grainy and smooth apple sauce._-It was also obvious that the”orif;ce
size was critical. As noted previously, smaller orifaées plugged. It was
assuméd'that as the oriface size was reduced, the effect éf the particles on
the flow through the oriface was increased. Because of the practicalvlimi-
tations it was not possible’to reduce the oriface sufficiently to show dif-
ferences between the three experimental samples. The oriface extrusion test
procedure was, therefore, discarded.

The force during extrusion fluctuated at frequencies ranging from
4 to 10 Hz pointing out the need for high frequency response sensing'and
recording systems to record these rapidly changing maximum and minimum fqrces
(i.c. amplitude) with any degree of precision. The frequency of flucﬁuaﬁions
mighf provide an additional means 6f quantifying the textural charqétéristics.
6.4 Back Extrusion Cell | |

The 60 ﬁm diameter back extrusion cell of thé Ottawa Textu:é Meésuring»
System was used (Voisey, 1971B; Voiséy et ai;, 1972) and'installed-in thelbeS
which forced the plunger iﬁto the‘cell at a constant speed of 20 cm min-l.

Thetre are several plungef parameters that can be varied to chanée the
performance of the back extrusion cell. The product>is extfuded‘through the
annulus between the cell and plunger. Thus, the amount and rate of shear
imposed on the sample in the extrusion passage depends on thé widtﬁ ('1.e.~
clearance) and length (i.e. piston thickness) of the passage. E#ploratory
tests were, tﬁerefore, done ﬁsing plungers with a) paréllel sides; b) tapered‘
sides; c¢) thicknesses ranging from 9.5 to 25.5 mm thick; d) clearances ranging.
down from 2 mm (Figure 12). The discrimination of texturél differeﬁces was

optimized by a) minimizing the clearance and b) reduciﬁg the plunger thickness.
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It mas aésumed that this was because as the extrusion gap was reduced,athe
-effect of bafticies flowing into and through the extrusion ﬁassage‘on the
force needed to move the plunger was maximized. - That is, the effect of parti-
cle size on shearing force increased disproportionately with respect to the
viscous effects of the liquid fraction.
- The optimum combination found~5y trial and error was:

Test cell: 60 mm diameter

Plunger: 59.49 mm diameter and 9.5 mm thick

Plunger speed: 21 cm min_1 (maximum press speed)

Full scale chart reading: 46 Kg
There was evidence that at the‘small clearance used (0.25 mm):the ﬁlungem_
oécasionally touched the cell wall. This did not appear to affect the fdrce
prabably because the area of contact was small and the sammie broVided lubri-
cation (Voisey amd Reid, 1974);
7.0 Comparison of Samplaé

Thirteen replicates af each of the 3 experimental and one éommercial.-
sampla were tésted. | From.tme'records thé maximum, minimum and mean force
during extrusion were estimated. A textural index: |

Maximum - Minimum x 100%
Mean

was calculated for each samble.

Typical results (Figure 7) showed that there were differences in
both.the average force and amplitude of the forcevfluctuafions during extrusion.
The curves were similar in appearance to those;obtained‘with the extrusion
oriface, but the amplitudé differences were.accentuated.' This was becausé.the
sauce was forced'through a narrow gap (0.25 mm cf 2.38 mm diameter) that did
not plug because ahe length of the gap (i.e. annulus) was 189 mm. The force

fluctuations again occurred at frequencies up to 10 Hz.
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‘A summary of the results (Table 1) showed that the coarse and grainy
samples were similar to each other in texture but quite different from the
smooth sample. The commércial sample was different from the experimental
samples. It appeared that the calculated index provided better discrimination
between textural characteristics than maximum, minimum or mean force. Vari-
ation of reading for each sample and for the 4 samples was similar.

8.0 Conclusions |

The meagurement of apple sauce grain, a textpral property, is dif-
ficult because it depends on theAparticle size within the test sample.‘ Separating
the effects of this from the over-all effect of différeﬁces in sample vi;cqgity
in an instrumental test is a problem. It appears that the fluctuations of
force during extrusion provides a means of doing this but the dimensions ofl
‘the extrusion space ére critical. As the dimension through wﬁiéh theléauce is
extruded 1is reduced;.the effect of pariicles flowing oﬁ the fdicé:required’to
maintéin flow increases. The Texfﬁre Test Sygteh universal cell does not
- appear suitable because the extrusion hole cannot be made small enough to
accentuate the effect. The back extrusioﬁ_cell appeais suitable when é 0.25 mm
wide extrusion annulus is used. Because the fluctﬁations in force éaused by
the particles are rapid, a means of recording fhese rapid éhanges accurétely
must be used. |

| Further work is needed to confirm that the back exfrusion;reading
(0.25 mm-gap) correlétes.with sensory and microscopic evaluation of apple sauce
grain over a greater‘range'of samples. The data obtained shows that(smoéth |

sauce can be easily distinguished from grainy and coarse products.
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Table 1.  Summary of results giving mean realings for 13 replicate tests
on each sample for the Back Extrusion test. Force in'Kg and

C.V. in %

Richared~ Northern

Sample . Delicious Spy. =~ T-412 Commercial
Texture rating Coarse Grainy Smooth -
Maximum force 31 35 15 31
C.V. 12 10 12 11
Minimum force - 16 18 11 12
C.V. : 10 17 14 9
Average force 23 25 12 | 20
C.V. , - 11 .16 14 1
Index” % 66 67 34 92
C.vV. - 16 ‘ 16 16 - : 12

3Maximum - Minimum x 100%
Mean
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SIZE DISTRIBUTION

OF CANNED APPLESAUCE PARTICLES
(mm

0.51 0.26 0.16 0.10
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i} 104
. | FIG. 1 .

PARTICLE SIZE DISTRIBUTION AS DETERMINED BY A CONTROLLED
WASHING TECHNIQUES.



Figure 2.

Typical applesauce particles as seen in the light microscope. A. Richared
Delicious (coarse); B. Northern Spy (grainy); C. T-L12 (smooth); D. comm-
ercial.

These particles are clusters of cells. A and D show only the edges' of
large-sized particles which are clusters of many cells. B shows a medium=-

sized particle which is a cluster of several cells, C shows small-sized
particles which are mostly individual cells,

(all at magnif. X 75)
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Figure 3. Typical records obtained with electronic recording viscometer
showing only the envelope containing the maximum and minimum

torque ‘during mixing. The sensitivity of the torque sensor is
1000 cm g in zone X and 2500 cm g in zone Y. A. RicharélDelicious

(coarse); B. Northern Spy (grainy); C. T-412 _fsmooth) .



FORCE Kg

TIME SEC.

Figure 4. Typical records obtained with universal cell of the Texture Test

System at 20 cm min_l. A and B. 3.18 mn diameter extrusion oriface.
A. Richar#d Delicious (coarse); B. Northern Spy (grainy). C and D. 2.38 mm
diameter extrusion oriface. C. Northern Spy (grainy); D. T-412

(smooth); E. Point at which extrusion through oriface started.
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Figure 5- E.R.S. extrusion cell. A. air vent closed by stopcock; B. cell
body; C. tube supporting oriface insert on force transducer;
E. oriface insert; H. hole in tube for sample exit; 0. "0" rings

sealing plunger; P. plunger; T. fOrce.tranéduCer capacity 500 Kg.
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Figure 6. Typical results from E.R.S. extrusion cell showing the envelope
enclosed by the maximum and minimum force during extrusion. A to

D. 3.18 mm diameter oriface; E to H. 2.38 mm diameter oriface.
A and E. RicharedDelicious (coarse); B and F. Northern Spy (grainy);

C and G. T-412 (smooth); D-and H. commercial sample.
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T ‘ COARSE
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Figure 7. Typical results for back extrusion test. A. RicharedDelicious (coarse)
B. Northern Spy (grainy); C. T-412 (smooth); D. commercial. Only
the envelope enclosed by the maximum and minimum force during

extrusion is shown. An inset on each curve shows a portion of the
actual record.
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Figure 8. E.R.S. extrusion cell installed in a horizontal constant speed

Gcrew drive) press.




Figure 9. The E.R.S. extrusion cell disassembled showing the various orifaces

(and mesh screens) evaluated.




Figure 10. The transducer used to measure the force on the oriface of

the E.R.S. extrusion cell.




Figure 11.

g T

Method of calibrating the force transduccr.
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Figure 12. Some of the back extrusion pistons evaluated.







