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ABSTRACT 

The size, shape. and hardness of particles in 
suspension can influence the oral sensory perception 
and palatability. This information can be used in the 
design of a suspension dosage form or to define optimal 
parameters for a reconstitutible oral delivery 
system. The report summarizes the effect of garnet, 
polyethylene and mica suspension on texture, taste and 
consistency. Significant differences in sensory 
perception exist between different samples based on the 
size, shape or hardness of the particles. 
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INTRODUCTION 

TYLE ET AL. 

The literature contains few citations directly 
discussing size, shape and hardness of particles in 
suspension and their influences upon oral sensory 
perception and acceptability. Most of the literature 
concerning particulates and their characteristics are 
concerned with dentifrices(1-3). Another body of 
literature focuses on the oral cavity and the sensation 
or perception of t a s t e  ( 4 - 7 ) .  

The oral cavity can be considered lined by a 

specialized extension of the skin. There are four 
different types of sensory receptors known; 
mechanoreceptors, chemoreceptors, thermoreceptors and 
receptors for electromagnetic radiation ( 8 ) .  Only the 
f i r s t  three receptors are present in the oral cavity. 
The mechanoreceptors are the most involved with 
particle size, shape and hardness perception. 
Mechanoreceptors respond to physical stimuli that cause 
mechanical displacement of one or more tissues. Touch 
and pressure sensitive mechanoreceptors include 
Merkel's corpuscles (in the submucosa of the tongue and 
mouth), Meissner's corpuscles (beneath the surface of 
the skin), pacinian corpuscles (deep in the skin), free 
nerve endings (present in all tissues of the body) and 
other specialized mechanoreceptors ( 8 , 9 ) .  

The influence of the size, shape and hardness of 
particles on specific receptors in an individual's oral 
cavity has not been precisely defined. The 
confectionery literature views the minimum particle 
size which can be apprehended by the palate to 
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EFFECT OF S I Z E ,  SHAPE AND HARDNESS OF PARTICLES 1341 

somewhere around 25 p (10). If the particles of a 
chocolate and all, or nearly all, are reduced below 
this size, the chocolate texture is considered to have 
reached optimum smoothness (11). Literature on 
particle size distribution indicates that a small 
proportion of particles up to 65 p gives better texture 
for milk chocolate whereas some good eating dark 
chocolate requires a maximum of 35 p (11). The 
chocolate particles are irregular and without sharp 
edges (11). While an individual's opinion is 
necessarily involved, it can be generally stated that 
smaller particle size enhances and "rounds out" 
flavor. The point of diminishing return is reached at 
sizes of about 10 p to 15 p (12). In the preparation 
of toothpaste, an average particle size of 5 to 20 p of 
alumina trihydrate is desirable because large particles 
can scratch the enamel surface and produce a gritty 
sensation in the mouth (13). The mouthfeel of the 
paste can be modified by using coarser or finer grades 
of alumina trihydrate. 

In pharmaceutics, such information is useful in 
the design of oral dosage forms, especially the 
identification of size, shape and hardness of 
particulates that would maximize the acceptability of a 
suspension by the minimization of any unpleasant 
sensation or to define the optimal microencapsule size 
range for oral drug delivery systems. The purpose of 
this investigation was to examine the influence of 
size, shape and hardness of particles in a suspension 
on oral sensory perception and palatability. 
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TYLE ET AL. 1342 

MATERIALS AND METHODS 

Mate r i a1 s 

Four different particle sizes for each of the 
three types of particulate matter: garnet, micronized 
polyethylene and mica particles coated with titanium 
dioxide, were examined. The shape was similar for each 
type of particulate matter. The particles were 
suspended in flavored syrup bases. Two different types 
of flavors, grape flavor and raspberry/cherry flavor 
were used in syrup bases, The particles were suspended 
in flavored syrup bases to give a concentration of 
60 mg of test material/S ml. 

Methods 

Particle shape for each specimen was documented by 
Scanning Electron Microscopy (SEM) and particle size 
was determined by a laser diffraction (Malvern 
Instruments Series 2600C droplet and particle sizer). 

For SEM, a sample from each test material was 
affixed to aluminum stubs using silver paint (Type: 
Silver Streaker", Structure Probe, Inc.). Unsecured 
particles were blown free of the stub with compressed 
air. Specimens were sputter coated with gold-palladium 
(Hummer VI, Anatech Ltd.) and examined under the 
Scanning Electron Microscope (Model: JEOL JSM-T220A, 
200-75OX) (14). 

Twenty-four or twenty-five adult volunteers 
participated in a single blind taste test for four 
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EFFECT OF S I Z E ,  SHAPE AND HARDNESS OF PARTICLES 1343 

sensory evaluation tests (garnet/grape flavor, garnet/ 
raspberry-cherry flavor, micronized polyethylene/ 
raspberry-cherry flavor and mica/raspberry-cherry 
flavor ) . In each test, a total of five different 
samples were evaluated. Four different particle size 
distributions were evaluated against a placebo in each 
test. Each volunteer tested and expectorated three 
samples and a placebo. Samples in opaque bottles were 
well shaken immediately prior to dispensing a 
teaspoonful to each volunteer. Sample order was 
rotated to minimize order bias. Participants had 
unsalted crackers and water between samples to clear 
their palate. Respondents rated each sample on (a) 
texture, (b) taste and (c) consistency on a scale of 1 
to 5. For a particular test, the flavor vehicle was 
the same for all samples but taste was included to 
determine the particle granule size may influence on 
taste perception. After rating each sample, volunteers 
were asked for their first choice except in the case of 
garnet particles suspended in grape flavored base where 
volunteers chose top two candidates. 

Statistical analysis was performed by Statpad 
Software program utilizing ANOVA (analysis of variance) 
and Chi-square Test (15). 

RESULTS AND DISCUSSION 

The particle size for particulate matter studied 
are summarized in Table 1 and the SEM micrographs are 
presented in Figures 1-3. Garnet particles are 
generally hard and angular in shape. Micronized 
polyethylene is relatively soft and rounded in shape. 
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1348 TYLE ET AL.  

Mica platlets coated with titanium dioxide are 
relatively hard and flat in shape. On the Mohs' scale 
of relative hardness, garnet has a hardness of 6.5-7, 
mica is 2.8 and micronized polyethylene is <2,  as 
compared to talc's hardness of 1.0 and diamond being 
10 (16). 

The first test conducted examined garnet 
particulates in a grape flavored base. Table 2 
summarizes the ratings for texture, taste and 
consistency. Table 3 shows an overall preference 
rating of the five samples tested. Granule size 
appears to be a factor in acceptance. As expected, the 
placebo (E) has the highest rating for texture. This 
is statistically significant over all other samples at 
the 95% confidence level. Sample A, with the second 
highest rating, is not statistically significant over 
any of the other samples at the 95% confidence level. 
It is, however, statistically significant over Sample C 
at the 93% confidence level and over D at the 8 4 %  

confidence level. Using a scale of 1 to 5 where 1 
means very unpleasant and 5 means very pleasant each 
sample was rated for taste. Sample E (placebo) has the 
highest rating, 4.1, but it is not statistically 
significant at the 95% confidence level over any of the 
other samples (Table 2 ) .  All samples are perceived to 
be about the right consistency. Any difference in 
consistency rating is not statistically significant at 
the 95% confidence level 

After respondents rated the samples they were 
asked for their first and second choice (Table 3 ) .  As 

expected, the placebo was chosen most often. Using a 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TA
BL
E 

2 

Sa
mp
le
 

RA
TI

NG
S 
OF

 T
EX

TU
RE
, 
TA
ST
E 
AN
D 
CO
NS
IS
TE
NC
Y 
FO
R 
GA
RN
ET
 P
AR

TI
CL

ES
 

SU
SP
EN
DE
D 
IN
 G
RA
PE
 F
LA
VO
RE
D 
BA
SE
 

Av
er
ag
e 
Te
xt
ur
e 
Ra

ti
ng

b 

Av
er
ag
e 
Ta
st
e 
Ra
ti
ng
C 

Av
er
ag
e 
Co
ns
is
te
nc
y 
Ra
ti
ng
 d 

Ke
y 
: 

A -
 

N=
18
 

B 

N=
19
 

C
 
-
 

N=
20

 

D -
 

N=
18

 

m
 

m
 

-4
 

crl
 

n
 

r3
 

0
 

crl
 

vl
 

H
 

N
 

m
 

" rA
 
2
 

P
 

a
 

Ea
 

m
 

N=
25

 
2:
 

U
 

X
 >
 

z
 

rA
 

3.
7k
1.
1 

3.
5f
1.
2 

2.
7f
1.
3 

2.
9f
1.
4 

4.
4f
0.
7 

g' m
 

3.
4k
0.
9 

3.
2f
1.
2 

3.
7f
1.
2 

3.
4f
1.
2 

4.
1f
0.
9 

rn
 

0
 

cr
l 

P
 

w
 

r3
 

H
 

n
 

v
)
 

3.
2k
1.
0 

3.
1f
0.
6 

3.
1f
1.
0 

3.
4f
1.
0 

3.
1f
0.
8 

a
 

r
 

m
 

Al
l 

va
lu
es
 a
re

 m
ea

n 
f
 s
ta
nd
ar
d 
de
vi
at
io
n.
 

as
am
pl
e 
E 
is
 p
la
ce
bo
. 

bS
ca
le
: 

'S
ca
le
: 

dS
ca
le
: 

1 
to
 5

 
wh

er
e 
1
 m
ea
ns
 g
ri
tt
y 
an
d 

5 
me
an
s 

sm
oo
th
. 

1
 t
o 

5 
wh
er
e 
1
 m
ea
ns
 v
er
y 
un
pl
ea
sa
nt
 a
nd
 

5 
me
an
s 
ve
ry
 p
le
as
an
t.
 

1 
to
 
5 
wh

er
e 
1
 m
ea
ns
 
to
o 
th
in
 a
nd
 
5 
me
an
s 
to
o 
th
ic
k.
 

P
 

w
 

f
. 

9
 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



13 50 

TABLE 3 

TYLE ET AL. 

FIRST AND SECOND CHOICES COMBINED FOR 

GARNET PARTICLES SUSPENDED IN GRAPE FLAVORED BASE 

N=24" 

Times % Time 
Chosen # Times Chosen 

1st or 2nd Tasted 1st or 2ndb 

Sample A 9 18 50.0% 

B 7 19 36.8% 

C 8 20 40.0% 

D 6 18 33.3% 

E (Placebo) - 18 25 72.0% 

Total 48 

aOne subject did not respond to this question. 
bRatio of number of times chosen first or second to 
number of time tasted. 
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EFFECT OF S I Z E ,  SHAPE AND HARDNESS OF PARTICLES 1351 

ratio of the number of times chosen first or second to 
the number of times tasted, Sample E was chosen 7 2 . 0 %  

of the time that it was tasted, Sample A 50%; Sample C 
40%; Sample B 36.8%, and Sample D 3 3 . 3 % .  The percents 
do not add to 100% because each sample is pezcented on 
a different base, i.e., the number of times it was 
tasted. The difference in preference is not 
statistically significant at the 95% confidence 
level. 

The second test examined garnet but in a 
raspberry-cherry flavor primarily to determine the 
influence of change in flavor on the overall acceptance 
of particles. Table 4 shows ratings for texture, 
taste, and consistency. Table 5 tabulates choice for 
first preference. 

Taste test participants seem to be able to detect 
the difference in particle size in these garnet 
samples. As Table 4 indicates, Samples A and B, which 
contain the smaller particles, have higher texture 
ratings than Samples C and D. As expected, the placebo 
(Sample E) has a very high rating of 4.5. Sample E is 
statistically significant at 95% confidence level over 
Samples B, C and D; Sample A is statistically 
significant over Samples C and D; and Sample B is 
statistically significant over Sample D at 95% 
confidence level. The best size for this test material 
appears to be between Samples B and C particle sizes 
(mean particle size = 11.0 to 22.0 microns). Each 
sample was rated on taste, the difference in the 
ratings is not statistically significant at the 95% 
confidence level. Most consistency ratings were about 
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TABLE 5 

1353 

PREFERENCE FOR THE GARNET PARTICLES SUSPENDED 
IN RASPBERRY-CHERRY FLAVORED BASE 

N=24 

Sample 

A 

B 

C 

D 

E (Placebo) 

No Preference 

# Times # Times % Time* 
Chosen Tasted Chosen 

3 18 16'. 7% 

3 18 16.7% 

3 18 16.7% 

2 18 11.1% 

12 24 50.0% 

1 

24 

- 

*Ratio of number of times chosen to number of times 
tasted. 

mid-point of 3.0. Although participants detect 
differences in particle size, average particle size 
does not appear to have much influence on consistency 
rating. 

The only clear winner to emerge on overall 
preference was the placebo solution (Sample E). Twelve 
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4. I 

L SAMPLE A 5 

3.7 3.6 

H - 
0 33 

GRAPE 0 RASPBERRY CHERRY 

FIGURE 4 

Comparison of Taste Acceptance of Grape Flavor vs. Raspberry Cherry 
Flavor Using Garnet Particles. The histograms are on a scale of 1 to 
5 where 1 is very unpleasant and 5 is very pleasant. 

of the 2 4  participants who tasted Sample E chose it as 
their preference, showing preference of solution over 
suspensions. The difference in preference is not 
significant at the 95% confidence level. 

Figure 4 is a graph of taste acceptance of grape 
flavor vs. raspberry-cherry flavor, each with garnet. 
The flavor, grape or raspberry-cherry, seems to have 
little or no influence upon oral perception and 
acceptability of garnet texture, taste, consistency or 
preference. The upper acceptable particle size 
threshold is in the range between 11.0 microns and 
2 2 . 0  microns (mean particle size diameter). This is 
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EFFECT OF SIZE, SHAPE AND HARDNESS OF PARTICLES 1355 

consistent with the range of abrasive powder (5 microns 
to 20 microns) used in dentifrices and the limiting 
size used in confectionery (10,13). 

The third perception test examined micronized 
polyethylene in the raspberry-cherry flavored syrup 
base. Table 6 lists ratings for texture, taste, and 
consistency and Table 7 shows the choice of first 
preference. 

The difference in particle size of polyethylene is 
apparently not detected by test participants. Texture 
ratings are not statistically significant at the 95% 
confidence level. Even though all samples were 
prepared with the same raspberry-cherry flavor, there 
are differences in taste perceptions. Sample E is 
statistically significant over Samples A and B at the 
95% confidence level. When the placebo (E) is removed 
from the data set, the only statistical significance is 
Sample D over Sample A at the 95% confidence level. 
Some respondents commented on the plastic taste, 
especially those tasting samples A, B or C. The 
comments by volunteers include "of f-f lavor" and "very 
bitter after taste". It appears that each of the four 
average particle sizes (which arrived in four discrete 
samples) has an inherent contribution to the overall 
taste. Consistency ratings for all 5 samples were 
similar. 

As shown in Table 7, the sample E was chosen most 
often as the first preference. The difference in 
preference.is not statistically significant at the 95% 
confidence level. There does not appear to be an upper 
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TABLE 7 

PREFERENCE FOR MICRONIZED POLYETHYLENE PARTICLES 
SUSPENDED IN RASPBERRY-CHERRY FLAVORED BASE 

N=24 

Sample 

A 

B 

C 

D 

E (Placebo) 

# Times 
Chosen 

3 

4 

1 

6 

10 

24 

- 

# Times % Timea 
Tasted Chosen 

18 16.7% 

18 22.2% 

18 5.6% 

18 3 3 . 3 %  

24 41.7% 

aRatio of number of times chosen to number of times 
tasted. 

threshold of particle size acceptability in the range 
of particle sizes of polyethylene studied. The mean 
particle diameter studied ranged from 7.2 microns to 
68.9 microns. 

The fourth test examined mica platlets coated with 
titanium dioxide in the raspberry-cherry flavored syrup 
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base. Table 8 shows ratings for texture, taste and 
consistency and Table 9 shows choice for first 
preference. 

Under SEM, mica platlets coated with titanium 
dioxide are relatively angular and flat. As indicated 
in Table 8 ,  all sizes of mica particles are well 
accepted on texture rating. The trend appears to show 
a decrease in rating with increase of average particle 
size, however, the difference is not statistically 
significant at the 9 5 %  confidence level. All samples 
have good ratings on taste. The difference in ratings 
is not statistically significant at the 95% confidence 
level. Consistency ratings for all samples are 
similar. The diEference in ratings is not 
statistically significant at the 95% confidence level. 

As expected, the placebo (Sample E) is chosen most 
often as overall preference. The difference in 
preference is not statistically significant at the 95% 

confidence level. With mica coated with titanium 
dioxide, the upper threshold of particule size 
acceptability was not detected in the range studied. 

Figure 5 depicts the texture acceptability of 
garnet, micronized polyethylene, and mica using a 
raspberry-cherry flavored base. Micronized 
polyethylene and mica texture are more accepted over 
garnet when the materials were used in raspberry-cherry 
flavored bases. The ratings for the placebo sample in 
each of the test is similar showing that the 
variability between the tests is negligible. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TA
BL

E 
8 

RA
TI
NG
S 
OF
 T

EX
TU

RE
, 
TA
ST
E 
AN
D 
CO
NS
IS
TE
NC
Y 
FO
R 
MI
CA
 P
LA
TL
ET
S 
CO
AT
ED
 

WI
TH
 T
IT
AN
IU
M 
DI

OX
ID
E 
SU
SP
EN
DE
D 
IN
 R
AS
PB
ER
RY
-C
HE
RR
Y 
FL
AV
OR
ED
 B
AS
E 

Sa
mp
le
 

A 

N=
18
 

Av
er
ag
e 
Te
xt
ur
e 
Ra
ti
ng
b 

4.
0f
1.
0 

Av
er
ag
e 
Ta
st
e 
Ra
ti
ng
' 

3.
7f
1 

.O
 

Av
er
ag
e 
Co
ns
is
te
nc
y 
Ra
ti
ng
 

3.
6f
0.
8 

B 
C 

D 

N=
18
 

N=
18

 
N=
18
 

B 
C 

D 

N=
18
 

N=
18

 
N=
18
 

4.
1f
1.
0 

3.
8r
t1
.2
 

3.
6f
0.
9 

3.
8+
1.
0 

3.
5+
1.
2 

3.
3k
1.
0 

3.
4f
0.
8 

3.
3f
0.
8 

3.
2k
0.
7 

Ke
y:
 

Al
l 
va
lu
es
 a
re
 m
ea
n 
f
 s
ta
nd
ar
d 
de
vi
at
io
n.
 

as
am
pl
e 
E 
is
 p
la
ce
bo
. 

bS
ca
le
: 

'S
ca
le
: 

dS
ca
le
: 

1
 t
o 

5 
wh
er
e 
1
 m
ea
ns
 g
ri
tt
y 
an
d 

5 
me
an
s 
sm
oo
th
. 

1
 t
o 

5 
wh
er
e 
1
 m
ea
ns
 v
er
y 
un
pl
ea
sa
nt
 a
nd
 

5 
me
an
s 
ve
ry
 p
le
as
an
t 

1
 t
o 

5 
wh
er
e 
1
 m
ea
ns
 t
oo
 t
hi
n 
an
d 

5 
me
an
s 
to
o 

th
ic
k 

Ea
 

N=
24

 

4.
4f
0.
7 

3,
72
1.
1 

3.
2f
0.
6 

m cr
l w
 

m
 

n
 

c3
 
0
 

cr
l 

v
, 

H
 

N
 

m
 

" 0
)
 

X
 

m
 

P
 

z tl
 

X
 

P
 

P
 

tl
 z v
)
 

v
)
 

0
 

crl
 

w
 * w
 

c3
 

H
 

c,
 

H
 

v,
 % m
 

r
 

Y
 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1360 TYLE ET AL. 

TABLE 9 

Sample 

PREFERENCE FOR MICA PLATLETS COATED WITH 
TITANIUM DIOXIDE SUSPENDED IN 
RASPBERRY-CHERRY FLAVORED BASE 

N=24 

A 

B 

C 

D 

E (Placebo) 

# Times 
Chosen 

5 

5 

2 

3 

9 

24 

- 

# Times % Timea 
Tasted Chosen 

18 27.8% 

18 27.8% 

18 11.1% 

18 16.7% 

24 37.5% 

aRatio of number of times chosen to number of times 
tasted. 

With hard garnet and mica particulates the data 
show that as the particulate size increases, the 
texture rating decreases. The trend seems reversed for 
relatively soft polyethylene particulates. 

Figure 6 portrays the taste acceptability of 
garnet, micronized polyethylene and mica using the 
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1.2 
1 4.0 4.1 4.1 

SAMPLE A SAMPLE B SAMPI.F c 

4.1 

PLACEBO 
SAMPLE E 

1361 

FIGURE 5 

Comparison of Texture Acceptance of Garnet, Micronized Polyethylene 
and Mica is Raspberry Cherry Flavor. The mean particles size is shown 
below each histogram. The ratings are on a scale of 1 to 5 where 1 is 
gritty and 5 is smooth. 

3.8 3.7 
3.5 3.5 .- 

' ll.O/A 11.811 z9.e.' 
SAMPLE B 

OGARNR- ~ P O L Y E T H Y & N E   MICA 

FIGURE 6 

PLACEBO 
SAMPLE E 

Comparison Taste Acceptance of Raspberry Cherry Flavor with Garnet 
Micronized Polyethylene and Mica Suspension. The mean particle size 
is shown below each histogram. The ratings are on a scale of 1 to 5 
where 1 is very unpleasant and 5 is very pleasant. 
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raspberry-cherry flavored base. When micronized 
polyethylene was compared to garnet and mica in taste 
acceptability, garnet and mica were favored. It is 
speculated that this occurred because of an inherent 
taste effect that micronized polyethylene can render. 
The effect is greatest in sample suspensions with 
largest number of particulates. 

The results obtained show that changes in flavor 
of the base with the sample particles do not effect the 
oral perception and that the oral perception of texture 
is influenced by particle size, shape and hardness. 
The particles which are generally soft and rounded or 
are relatively hard and flat are not perceived as 
gritty. On the other hand, with hard and angular 
particles, like garnet, grittiness is evident above a 
certain particle size range. The perception of the 
suspension should be the same within a set of samples 
if the particles do not effect the taste in any 
manner. This was true in case of garnet and mica 
suspension. However, micronized polyethylene seem to 
influence the taste of the samples over placebo. There 
was no effect observed on the consistency of the 
product after particulates were suspended in the 
flavored base. 

ACKNOWLEDGEMENT 

The authors are grateful to Ms. Sue Kendrick for 
typing the manuscript. 

REFERENCES 

1. J. B. Wilkinson and A .  R. Pugh, J. SOC. Cosmetic 
Chem., 21, 595-605 (1970). - 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



EFFECT OF S I Z E ,  SHAPE AND HARDNESS OF PARTICLES 1363 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

W. B. Davis and D. A. Rees, J. SOC. Cosmetic 
Chem., 26, 217-225 (1975). 

C. F. Rivas, E. Bermejo, L. Mosquern, J. G. 
Carrero, Cienc. Ind. Farm., A, 380-385 (1982). 

S.  S.  Schiffman, G. Musante, J. Conger, 
Physiology and Behavior, 21 (3), 417-422 (1978). 

S. S. Schiffman, R. P. Erickson, Neuroscience 
and Behavioral Reviews, 4, 109-117 (1980). 

A. A.  Williams, in Proc. of 6th Int. Symp. on 
Olfaction Taste, J. Le Magnen, P. Mac Lead, 
(eds.), Inf. Retr. Ltd., London, 1977, p. 401- 
408. 

L. Bartoshuk, Psychology Today, 14, 48-63 
(1980). 

A. C. Guyton, "Textbook of Medical Physiology, 'I 

W. B. Saunders, Philadelphia, London, 1971, 
Chapter 48, p. 557-564 and Chapter 49,  p. 565- 
576. 

"Dorland's Illustrated Medical Dictionary, 26th 
ed., W. B. Saunders, Philadelphia, 1981, p. 309. 

C. J. Hinton In Twenty Years of Confectionery 
and Chocolate Progress (C. D. Pratt, E. de 
Vadetzsky, K. E. Langwill, K. E. McCloskey and 
H. W. Schuemann, Editors) Avi Publishing Co., 
Inc., Westport, Connecticut, 1970, Chapter 13, 
p. 111. 

Bernard W. Minifie, Chocolate, Cocoa and 
Confectionery: Science and Technology, Avi 
Publishing Co., Westport, Connecticut, 1980, 
p. 117 and 649. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1364 TYLE ET AL. 

12. L. Russell Cook, Chocolate Production and Use, 
Book for Industry, Inc., New York, NY 1972, 
Chapter 10, p. 210. 

13. K. Wills, T. Emery, I. Thompson, R. Giles 
Manufacturing Chemist, - 10, 41-45 (1988). 

14. J. I. Goldstein, D. E. Newbury, P. Echlin, D. C. 
Joy, C. Fiori and E. Lifshin, "Scanning Electron 
Microscopy and X-Ray Microanalysis", Plenum 
Press, New York, 1984, Chapter 9, p. 447-459 and 
Chapter 10, p. 461-494. 

15. G. W. Snedecor and W. G. Cochran "Statistical 
Methods", 7th ed., Iowa State University Press, 
Ames, Iowa, 1980, Chapter 5, p. 64-82 and 
Chapter 12, p. 215-237. 

16. R. C. Weast and M. J. Astle "CRC Handbook of 
Chemistry and Physics", 61st Edition, CRC Press, 
Inc., Boca Raton, Florida, 1981, p. F-24. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




