
www.pharmtech.com

DATA AND REVIEW

142 Pharmaceutical Technology APRIL 2005

Pramote Cholayudth is the managing
director of the Professional Conference
Center in Bangkok, Thailand, and a
validation consultant to Biolab Co., Ltd,
625 Lane 7A, Bangpoo Industrial Estate,
Samutprakarn, 10280 Thailand,
cpramote2000@yahoo.com.

Establishing Target Fills 
for Semisolid and Liquid 
Dosage Forms
Pramote Cholayudth

C
O

M
S

T
O

C
K

To meet the requirements of the USP ^755&
Minimum Fill and ^698& Deliverable Volume
tests, target fill levels greater than 100%
must be established. This article proposes a
criterion for establishing an appropriate
target fill level such that a sample will have
a 95% probability of passing these USP tests
at 95% confidence.

eeting the USP requirements for minimum fill and
deliverable volume is a serious concern in pharma-
ceutical production. Filling operations must be con-
trolled throughout the filling cycle to ensure that the

sampled filled products will meet quality control specifications
based on the USP ^755& Minimum Fill or ^698& Deliverable Vol-
ume tests. The common acceptance criterion of the two USP
tests is that the average content of all samples tested must not
be less than 100% of the labeled amount. Such a requirement
will lead to a filling volume target greater than 100% of the la-
beled amount. This article proposes a criterion for establishing
an appropriate target fill such that a sample will have a 95%
probability of passing these USP tests at 95% confidence, i.e.,
that the established target fill will guarantee with 95% confi-
dence that 95 out of 100 samples will pass the USP tests.

The USP ^755& Minimum Fill test
The USP ^755& Minimum Fill test applies to liquids, semisolids,
and solids such as creams, gels, jellies, lotions, ointments, pastes,
powders, and aerosols, including pressurized and nonpressur-
ized topical sprays that are packaged in containers in which the
labeled amount is not more than 150 g or 150 mL (1).

According to the test, the acceptance criteria for units with a
labeled amount <60 g or mL/unit are as follows:
Stage 1. For a test of 10 units:
• The average content of 10 units must not be less than 100%

of the labeled amount.
• None of the units tested may contain less than 90% of the

labeled amount.
If the average content is less than 100% of the labeled amount

or if not more than 1 unit contains less than 90% of the labeled
amount, proceed to stage 2. Fail if the average content is less
than 100% of the labeled amount or if more than 1 unit con-
tains less than 90% of the labeled amount.
Stage 2. Following a test of 20 additional units:
• The average of 30 units must not be less than 100% of the

labeled amount.
• Not more than 1 unit may contain less than 90% of the la-

beled amount.
Otherwise, fail.

The acceptance criteria for units with a labeled amount .60

M
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and <150 g or mL per unit are
as follows:
Stage 1. For a test of 10 units:
• The average content of 10

units must not be less than
100% of the labeled amount.

• No unit may contain less than
95% of the labeled amount.
If the average content is less

than 100% of the labeled amount
or if not more than 1 unit con-
tains less than 95% of the labeled
amount, proceed to stage 2. Fail
if the average content is less than
100% of the labeled amount or
if more than 1 unit contain less
than 95% of the labeled amount.
Stage 2. Following a test of 20
more units:
• The average content of 30

units must not be less than
100% of the labeled amount.

• Not more than 1 unit may
contain less than 95% of the
labeled amount.

Otherwise, fail.

The USP ^698& Deliverable 
Volume test
The USP ^698& Deliverable Vol-
ume test establishes the volume
requirement for oral liquids. The
test is designed to ensure that
oral solutions and suspensions
will, when transferred from their
original containers, deliver the
labeled volume of the product.
The test applies to products la-
beled to contain <250 mL,
whether supplied as liquid
preparations or as liquid prepa-
rations that are constituted from
solids upon the addition of a des-
ignated volume of a specific diluent.

The acceptance criteria for the deliverable volume test are as
follows:
Stage 1. For a test of 10 units:
• The average content of 10 units must not be less than 100%

of the labeled amount.
• No unit may contain less than 95% of the labeled amount.
• For single-unit containers, no unit may contain more than

110% of the labeled amount.
If the average content is less than 100% of the labeled amount

or if not more than 1 unit contains less than 95% of the labeled
amount, proceed to stage 2. Fail if the average content is less
than 100% or if more than 1 unit contain less than 95% of the
labeled amount.

Stage 2. Following a test of 20 additional units:
• The average content of 30 units must not be less than 100%

of the labeled amount.
• Not more than 1 unit may contain less than 95% and no unit

may contain less than 90% of the labeled amount.
• For single-unit containers, not more than 1 unit may con-

tain more than 110% but more than 115% of the labeled
amount.

Otherwise, fail.

Sample size
Some firms establish release specifications for minimum fill
and deliverable volume using sample sizes different from those
established in the USP tests. A common sample size is 20 units.
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Figure 1: Operating characteristic curves for a USP Minimum Fill sampling plan (<60 g or mL per unit).
LA 5 labeled amount.
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Figure 2: Operating characteristic curves for USP Minimum Fill sampling plan (.60 and <150 g or mL
per unit). LA 5 labeled amount.
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Figure 3: Operating characteristic curves for the USP Deliverable Volume sampling plan (<250 mL per
unit). LA 5 labeled amount.
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Even if the sample size is larger than what is stated in the USP,
however, the acceptance criteria do not change. For example,
the average content of 20 units tested must not be less than
100% the labeled amount, and so on.

Sampling plan views of the two tests
Any quality parameter is subject to its variability, i.e., its stan-
dard deviation (SD). Therefore, it may be useful to illustrate a
sampling plan curve, known as the operating characteristic (OC)
curve, for the sampling plans for the minimum fill and deliver-
able volume tests (see Figures 1, 2, and 3).

In Figures 1, 2, and 3, it can be seen that the probability of
acceptance (pa) is based on the likelihood that the sample av-
erages (from stages 1 or 2 of the test) will be not less
than 100% of the labeled amount at varying lot SD
or sigma (s) values. The pa also is based on the lot av-
erage (mean), i.e., a higher lot mean will have a higher
probability of acceptance than will a lower lot mean.
For example, for a lot SD of <4%, a lot mean of 102%
of the labeled amount has a much higher probability
of acceptance (pa 5 100%) than a lot mean of 100%
does (pa 5 50%).

Establishing the target fill for products required
to pass the USP Minimum Fill test
A target fill value should be established that will guar-
antee with 95% confidence that 95 out of 100 sam-
ples will pass the USP Minimum Fill test. Because the
common acceptance criterion of the Minimum Fill and Deliv-
erable Volume tests is that the average is not less than 100% the
labeled amount, the distribution of the sample mean will be
used to determine the target fill level. For example, let us sup-
pose that s for the minimum fill test data is known. By statis-
tical rule, s for distribution of the sample mean or standard
error of the mean is equal to , in which n is the sam-
ple size (10 or 30). Figure 4 shows the distributions for individ-
ual and average (sample mean) values for a sample size of 10.
The distribution curve for the averages is reillustrated in Fig-
ure 5, in which the mean is the target fill. This target is greater
than 100% of the labeled amount. The next key step is to de-
termine the location of the target fill level.

It can be seen in Figure 5 that the average values below 100%
of the labeled amount are classified as defects. Thus, the per-
centage area below 100% of the labeled amount is determined
to be the defect rate. This area can be calculated in Microsoft
Excel by a trial and error method using the following equations:

Conf. 5 1 2 BINOMDIST(5,100,0.10225,TRUE) 5 95.00%

Z 5 NORMSINV(0.10225) 5 21.26884

Using these equations, this area is determined to be 0.10225
or 10.225%, such that 95 of 100 samples will have an average
not less than 100% of the labeled amount at 95% confidence.
Because the defect rate is 10.225%, if we test many sets of sam-
ples, in which each set comprises 100 samples of 10 units, the
numbers of failed tests, ranging from 2 through 20, will have
the binomial distribution shown in Figures 6 and 7.

The location of the sample mean at 100% of the labeled

amount shown in Figure 5 may be transformed (normalized)
into a Z score using the following equation in Microsoft Excel:

Z 5 NORMSDIST(0.10225) 5 21.26884.

This implies that if

(L 2 T)/ 5 21.26884 

then

T 5 L 1 1.26884 [1]

T 5 L 1 1.26884  [2]

T 5 L 1 0.4s (for QC sample size n 5 10) [3]

T 5 L1 0.28s (for QC sample size n 520) [4]

in which T is the target fill value in g or mL, L is the labeled
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Figure 4: Distribution curves for individuals and averages (n 5 10). 

14.0% 

12.0% 

10.0% 

8.0%

6.0% 

4.0% 

2.0% 

0.0%

Pr
ob

ab
ili

ty

T23Sigma (AV)

Fill weight mean (g/unit)

T22Sigma (AV)

T2Sigma (AV)

Target (T)

T1Sigma (AV)

T12Sigma (AV)

SDAV 5 s/100.5

T13Sigma (AV)

P 5 0.10225

100% LA or Z 5  
21.26884

Target fill 5  
100% LA 10.4 s 

Figure 5: Distribution curve for averages (n 5 10). LA 5 labeled amount.

15.0% 

12.5% 

10.0% 

7.5% 

5.0% 

2.5% 

0.0%

%
 D

is
tr

ib
ut

io
n

Number of failed tests

0   1    2    3    4    5    6    7    8    9    10  11  12  13 14  15  16  17 18  19  20 21  22  23  24 25

3.0%

1.4%
0.5%

0.1%

5

There is a 95%  
(5 100 2 [0.1 1 0.5 1 1.4 1 3.0]) 
confidence that 95%  
(5100 2 5) of the samples 
will pass the acceptance criteria.

Figure 6: Binomial distribution curve. 

 



www.pharmtech.com

DATA AND REVIEW

148 Pharmaceutical Technology APRIL 2005

amount (i.e., 100% of the labeled amount) in g or mL, is the
lot sigma for mean distribution (standard error of the mean),
and s is the lot sigma.

Equations 1 and 2 are the general equations for target fill.
Equations 3 and 4 are used for sample sizes of 10 and 20 units,
respectively.

How to obtain the lot sigma
Samples of 10 or 20 units may be randomly taken throughout
the filling cycle to form a large composite sample of at least 200
units. The computed SD is estimated to be the lot sigma. A case
study was conducted to establish the target fill for a cream prod-
uct in a 5-g tube. Fourteen samples of 20 filled tubes were taken
randomly throughout the filling cycle to form a composite sam-
ple of 280 tubes. The computed SD (i.e., the lot sigma) was 0.068
g. The average tare weight of an empty tube was 2.37 g and the
sample size was 20. The check-weighing for in-process control
was done on individual gross weights (net plus tare weight)
from samples of 20 units taken every 30 min (in advanced fa-
cilities, automatic check-weighers often are used). To calculate
the target fill value (T), the following equations were used:

T 5 L 1 0.28s

T 5 (5 1 2.37) 1 (0.28 3 0.068) 5 7.39 g/tube

The control limits for in-process control charts were deter-
mined on the basis of the actual distribution of the available
data, as follows:

upper action limit 5 T 1 2.5s = 7.56 g/tube 

upper warning limit5 T 1 1.5s = 7.49 g/tube

lower warning limit5 T 2 1.5s = 7.29 g/tube

lower action limit 5 T 2 2.5s = 7.22 g/tube.

Data determination results 
The results of the application of the equations are seen in Table
I. In all cases, the probability between 6Z = 1.0 was computed
in Microsoft Excel using the following equation:

P 5 NORMSDIST(1) 2 NORMSDIST(21)

= 0.6827 5 68% (rounded).

The data distribution was determined by tabulating the data
(280 values) from minimum to maximum. For example, to cal-
culate the ±1.0s distribution, the number of values between the
upper and lower limits (average 6 1.0s) were counted and com-
puted to be ;71%. We used 61.5 and 62.5s to tighten the
warning and action limits, respectively. However, conventional
control chart limits (i.e., 62 and 63s) can be used as well.

Because the lot sigma is known (by estimation), one can find
the probability that one tube will be below 90% of the labeled
amount (in this case, the Z score), by making the following cal-
culations:

Z 5 (90 2 100) 3 5 / (100 3 0.068) 5 27.35

The probability at Z27.35 is 0.00. Therefore, the probability that
the contents of one tube will be below 90% of the labeled
amount is 0.00%.

The target fill and control chart limits for thes gross weights
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Figure 7: Cumulative binomial distribution.

Table I: Data distribution using the equations.
Actual distribution Normal distribution

Range 
(mean 7Zs)

Distribution
(%)

Range
(7Z)

Distribution
(%)

Mean 71.0s ;71 71.0 ;68

Mean 71.5s ;90 71.5 ;87

Mean 72.0s ;96 72.0 ;95

Mean 72.5s ;99 72.5 ;99

T 1 2.5s

T 1 1.5s

T

T 2 1.5s 

T 2 2.5s

UAL 

UWL 

CL 

LWL 

LAL

T 5 (100% LA 1 Av Tare) 1 0.28s

s 5 the lot sigma for gross weight. 

UAL & LAL 5 Upper & lower action limits. 

UWL & LWL 5 Upper & lower warning limits. 

CL 5 Center line.
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T 1 1.5s

T
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T 2 2.5s

UAL 
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CL 

LWL 

LAL

T 5 100% LA 1 0.28s

s 5 the lot sigma for net weight. 
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UWL & LWL 5 Upper & lower warning limits. 

CL 5 Center line.
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Figures 8(a) and (b): Schematic in-process control chart for a cream’s individual weight. LA 5 labeled amount.
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are practical for use with tubes with good tare-weight unifor-
mity. For tubes with poor tare-weight uniformity, the target fill
and the control chart limits for net weight may be used and es-
tablished in the same way, as follows:

T 5 L 1 0.28s

T 5 5 1 0.28 3 0.068 5 5.02 g/tube

The net weights may be obtained by preweighing and temporar-
ily marking the tubes before feeding the filling machine. Once
those tubes are filled, the net weights are obtained.

Establishing the target fill for products required to meet
the USP Deliverable Volume test
The overall procedure and acceptance criteria for establishing
the target fill levels to meet the USP Deliverable Volume test are
the same as those for meeting the USP Minimum Fill test. Be-
cause the acceptance criteria for the sample average are the same
as the criteria for the sample average for the Minimum Fill test
(i.e., not less than 100% of the labeled amount), the target fill
of labeled volume plus 0.28s (L 1 0.28s) also is applied to a
quality control sample of 20 units (see Figures 9 and 10).

The lot sigma for deliverable volume may be estimated from
the SD of sample data of individually measured volumes of at
least 30 units. The lot sigma is then estimated using c4, which
is the control chart or statistical process control factor used to
convert the sample SD to lot sigma by dividing the sample SD
by c4, as follows (see Table II):

Lot s 5 SD/c4.

In practice, it may not be accurate enough to measure vol-
umes in calibrated cylinders. An alternative method is to weigh
them on a balance and convert the weight to volume using the
correct density value.

With either of these two methods of checking the individual
weights and volumes (individual chart), it may take a long time
to record the results. Another approach is to use the average (X-
bar) and range (R) charts, in which the sample averages and
ranges are recorded.

To construct the X-bar chart, the center line (i.e., the target fill
level) is established using equations 1 or 2, described previously:

T 5 L 1 1.26884 [1]

T 5 L 1 1.26884 [2]

In theory, the two equations should be interchangeable if only
one of or is known. A study of a 30-g cream product
was conducted to compare the values of and . In the
study, 54 samples of 20 tubes were taken throughout the fill-
ing cycle. Each sample data (gross weight) was computed for
average and SD. All the averages were calculated for SD
for sample means and directly estimated to

because of the large number (54) of
samples. The SDs of all sample were averaged 
and estimated to the lot sigma using c4 (s 5 /c4 5 0.066 /
0.9869 5 0.067 g, then 5 0.067 / 5 0.015 g).

According to Nash, “…what is possible in other industries is
not always achievable in pharmaceutical processes.” This state-

ment is confirmed by our study results. We have seen that the
of 0.109 g and the of 0.015 g are greatly different.

Therefore, it was determined that the equation “L 1 1.26884 ”
should be used to calculate the target fill. Using this equation,
the actual standard error of the mean, 0.109 g, is used.

Summary
Both the USP ^755& Minimum Fill and ^698& Deliverable Volume
tests require that the average content of quality control samples
be not less than 100% of the labeled amount. To meet these re-
quirements, overfilling is necessary to meet target fill levels 
requirements.

During regular operations, the filling process is regularly con-
trolled to keep the lot average content close to the target fill
amount. By using the proposed equations, the lot average will
provide a 95% probability of passing the quality control spec-

√20
SD

SD 5 0.066 g
xSD  5    5 0.109 g

xSD
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T 5 100% LA 1 0.28s

s 5 the lot sigma for deliverable volume. 

UAL & LAL 5 Upper & lower action limits. 

UWL & LWL 5 Upper & lower warning limits. 

CL 5 Center line.

Figure 9: Schematic in-process control chart for an oral liquid’s
individual volume. LA 5 labeled amount.
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CL 5 Center line.

Figure 10: Schematic in-process control chart for a sample average.

Table II. Statistical process control factors.
n c4 d2 d3 D1 D2 D3 D4

5 0.9401 2.326 0.8641 0 4.9183 0 2.1145

10 0.9727 3.078 0.7971 0.6867 5.4693 0.2231 1.7769

15 0.9823 3.472 0.7562 1.2034 5.7406 0.3466 1.6534

20 0.9869 3.735 0.7287 1.5489 5.9211 0.4147 1.5853

25 0.9896 3.931 0.7084 1.8058 6.0562 0.4594 1.5406

30 0.9914 4.086 0.6926 2.0082 6.1638 0.4915 1.5085
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ifications (i.e., that the average content is
not less than 100% of the labeled amount)
at 95% confidence. Using these equations
to establish an appropriate target fill level
will help prevent excessive overfill and im-
prove product yield.

The probability that the samples will
not meet the other specifications of these
USP tests (i.e., that no unit may contain
less than 90% of the labeled amount) can

also be computed using these equations
and should be very low. In the case study
in which these equations were applied, this
probability was zero.

The equation “L 1 1.27 ” (rounded),
is probably the most practical and thus is
recommended for use. In this expression,
L represents the net content in weight or
volume, or an equivalent such as gross
weight. Standard values for lot sigma and

the actual standard error of the mean for
a product may be obtained from the av-
erages of at least three production lots.

To calculate in-process controls using
an individual (X) chart, the following def-
initions may be used:

Target fill (T) or center line (CL):
L 1 1.27 

Warning limits: T 6 1.5 s

Action limits: T 6 2.5 s

To calculate in-process controls using
X-bar and R charts, the following equa-
tions may be used:

X-bar chart:

Target fill (T) or center line (CL):
L 1 1.27 

Warning limits: T 6 1.5 

Action limits: T 6 2.5 

R chart:

Upper control limit 5 D4

Center line 5

Lower control limit 5 D3
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