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The TECRA® Unique ä Salmonella test uses the
principle of immunoenrichment to allow rapid de-
tection of Salmonellae in food. A collaborative
study was conducted to compare the TECRA Sal-
monella Unique test with the reference culture
method given in the U.S. Food and Drug Adminis-
tration’s Bacteriological Analytical Manual . Three
food types (milk powder, pepper, and soy flour)
were analyzed in Australia and 2 food types (milk
chocolate and dried egg) were analyzed in the
United States. Forty-one collaborators participated
in the study. For each of the 5 foods at each of the
3 levels, a comparison showed no significant dif-
ferences ( p ³ 0.05) in the proportion of positive test
samples for Unique and that for the reference
method using the Chi-square test for independ-
ence with continuity correction.

T
he TECRA® Unique™Salmonellatest provides conve-
nient and rapid detection ofSalmonellain food and
food-related test samples. Presumptive positive results

can be obtained in <22 h and are then confirmed by standard
cultural methods. The UniqueSalmonellatest provides the
user with all necessary reagents in a single-test module. An
antibody-coated dipstick performs both the immunoenrich-
ment and detection steps (seeFigure2000.07). Prior to the
collaborative study, inclusivity and exclusivity studies were
undertaken; a precollaborative study including 20 food types
was performed to validate the TECRA UniqueSalmonellatest
by comparison to the reference method in the U.S. Food and

Drug Administration (FDA)’s Bacteriological Analytical
Manual(BAM; 1).

Collaborative Study

The collaborative study was conducted in 2 parts. Milk pow-
der, ground black pepper, and soy flour were analyzed in Aus-
tralia and New Zealand, and chocolate and dried egg were ana-
lyzed in the United States. For the collaborative study all foods
were artificially contaminated, although some naturally con-
taminated foods were included in the precollaborative study.

To obtain the required number of collaborators in a small
country such as Australia, some modifications were included
in the collaborative study protocol. Two or more analysts
working at the same institution were regarded as separate col-
laborators, provided that they worked independently and used
separate media and reagents. In addition, a small number of
collaborators sent their isolates to the organizing laboratory
for confirmation.

Preparation of Inoculum

The cultures to be used as inocula were grown for 24 h at
35°C in brain heart infusion (BHI) broth. Cultures were centri-
fuged to pellet cells, and washed twice with 0.1M phosphate
buffer, pH 7. The cell pellets were then resuspended in sterile
nonfat milk and lyophilized at room temperature (20–25°C)
for 24 h. Freeze-dried inocula were ground to a fine powder
before use.

Inoculation of Test Samples

For dried products (milk powder, pepper, soy flour, dried
egg) a concentrated “seed” was made by adding freeze-dried
inoculum to 200–500 g test product. This seeded product was
mixed well and stored at room temperature (20–25°C) for
1–2 weeks to allow cell levels to stabilize, before estimation of
cell count by serial dilution and plating on xylose lysine
desoxycholate agar. According to the estimatedSalmonella
count, an appropriate amount of concentrated seed was added
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to the test product for a high level (10–50 cells/25 g) and a low
level (1–5 cells/25 g). A most probable number (MPN) deter-
mination was made before samples were shipped, and levels
of Salmonellawere adjusted by adding more seed or product if
necessary.

For milk chocolate the appropriate dilution of a broth culture
was mixed thoroughly into chocolate that had been tempered at
42°C in a plastic bag. The chocolate was allowed to set in a thin
layer; it was then pounded to produce small pieces and mixed
again by shaking vigorously. The chocolate was stored in the
refrigerator (2–8°C) for 1–2 weeks before shipment.

Test Sample Shipment

Dried foods and chocolate were shipped at ambient temper-
ature (20–25°C). Each collaborator received 15 test samples of
the food to be analyzed (5 high, 5 low, and 5 uninoculated). The
appropriate test samples were shipped to participating laborato-
ries in the week before analysis and stored at room temperature
(20–25°C) upon arrival at the laboratory.

Analysis

A different food product was scheduled for testing each
week. On the day test sample analysis was initiated by collab-
orators, an MPN determination was also performed by the or-
ganizing laboratory. A triplicate tube MPN was performed us-
ing 3 dilutions of the retained test samples for each level
according to methods described (3). The MPN test samples
were enriched according to the cultural reference method (1).
Each test sample was analyzed by the BAM method and the
Unique test, using the manufacturer’s recommended enrich-
ment. The immunoassay was confirmed by streaking from the
M broth culture in tube 3 of the module onto selective agar as
specified in the BAM reference culture method (1).

Data Analysis

Data from each food type were collated and the number
of positive test samples for each method was calculated.
Different enrichment broths and different subsamples of
the test food were analyzed with each method. To calculate
the performance parameters it was assumed that all inocu-
lated food (i.e., all the low and high level samples) con-
tainedSalmonella. The problems with statistical analysis of
this type of data were discussed in more detail by Gibson
et al. (2). Tables2000.07AandB show 50% end points of
each method as well as performance parameters as an indi-
cation of method performance. False negative and false
positive rates, sensitivity, specificity, and percentage
agreement were calculated according to the definitions in
Table2000.07A.

A false positive result was determined at the first assay
or decision point for the procedure, i.e., by reading the
color reaction on the paddle for the Unique test and at the
plate reading stage for the cultural method. Using cultur-
ally confirmed positive dipstick results, the proportion of
positive test samples for the Unique method was com-
pared with that for the reference method using the
Chi-square test for independence with continuity correc-

tion (p ≥ 0.05) to determine whether the methods were sig-
nificantly different.

8
2 = N (|AD – BC| – N/2)2 / (A + B) (C + D) (A + C) (B + D)

where A is the number of positive test samples using the test
method, B is the number of positive test samples using the ref-
erence method, C is the number of negative test samples using
the test method, and D is the number of negative test samples
using the reference method. N = A + B + C + D.

AOAC Official Method 2000.07
Salmonella in Foods

Rapid Colorimetric
Immunoenrichment-Based Screening Method

(TECRA Unique Salmonella Test)
First Action 2000

(Applicable to determine presence ofSalmonellain all
foods except raw flesh foods.)

See Tables 2000.07A and B for the results of the
interlaboratory study supporting acceptance of the method.

A. Principle

The UniqueSalmonellatest provides all necessary re-
agents in a single-test module. An antibody-coated dipstick
performs both the immunoenrichment and detection steps
(Figure2000.07).

The Unique test begins by adding a preenriched test
suspension to tube 1, together with the dipstick. Highly spe-
cific, purified antibodies on the surface of the dipstick selec-
tively capture anySalmonellapresent. After washing in
tube 2, the dipstick is transferred to tube 3 and incubated in an
enrichment broth. AnySalmonellacaptured on the dipstick
will then replicate to detectable levels. The dipstick is trans-
ferred to tube 4 which contains enzyme-linked antibodies
(conjugate) specific forSalmonella. This conjugate will bind
to anySalmonellaon the dipstick.

Excess conjugate is removed by washing the dipstick in
tube 5. The dipstick is transferred to tube 6 which contains
substrate for the enzyme. IfSalmonellaare present, a purple
color on the lower half of the dipstick is produced. The upper
half is the negative control and should remain white. If there
are noSalmonellain the suspension the dipstick should re-
main white except for the positive control, which appears as a
purple cross at the base of the dipstick. Determination of posi-
tive results is performed visually by aid of color comparator
card where a result is valid when positive and negative control
areas on the dipstick give the specified color reactions.

The method is a screening procedure for the presence of
Salmonellain all foods except raw flesh foods; it is not a con-
firmatory test because polyclonal antibodies used in the test
may cross-react with a small percentage of non-Salmonella
organisms. M broth cultures from test samples positive by the
Unique method must be streaked on selective media as in
AOAC 967.26B(see17.9.02), and typical or suspicious colo-
nies must be identified as in AOAC967.26C, 967.27(see
17.9.03), and967.28(see17.9.07).
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Table 2000.07A. Statistical analyses of collaborative study results for TECRA Unique assay compared to FDA BAM 8th Ed. method

Food
MPN,
cfu/ga

Method
agreement,

%b
Total

samples

Samples positive

χ2c

Incidence of false
negatives among

total positive
samples, %d Sensitivity rate, %d

Incidence of false
positives among total

negative samples,
%e Specificity rate, %e

Unique Culture

Unique Culture Unique Culture Unique Culture Unique CulturePres. Conf. Pres. Conf.

Nonfat dry milk <0.003 100 85 1 0 1 0 — — — — — 1.2 1.2 98.8 98.8

0.072 94.1f 85 81 81 84 84 0.824 4.8f 1.2f 95.2f 98.8f — — — —

0.748 100 85 85 85 85 85 — 0 0 100f 100 — — — —

Black pepper <0.003 100 85 0 0 0 0 — — — — — 0 0 100 100

0.036 68.2f 85 58 58 54 54 0.118 31.8f 35.3f 68.2f 64.7f — — — —

0.932 97.6f 85 84 84 85 85 0 2.4f 0 97.6f 100 — — — —

Soy flour <0.003 100 75 0 0 0 0 — — — — — 0 0 100 100

0.110 43.0f 75 36 36 40 40 0.240 52.0f 46.7f 48.0f 53.3f — — — —

0.430 100 75 75 75 75 75 — 0 0 100 100 — — — —

Milk chocolate <0.003 100 75 2 0 3 0 — — — — — 2.7 4.0 97.3 96.0

0.043 50.6f 75 35 35 42 40 0.427 53.3f 46.7f 46.7f 53.3f — — — —

0.240 98.6f 75 50 48 50 50 0.029 36.0f 33.3f 64.0f 66.7f — — — —

Dried whole egg <0.003 100 80 0 0 0 0 — — — — — 0 0 100 100

0.043 47.5f 80 28 28g 31 30 0.027 58.7f 62.5f 41.3f 37.5f — — — —

0.427 51.25f 80 51 51g 51 49 0.027 27.5f 38.8f 72.5f 61.3f — — — —

a Most probable number of colony forming units per gram of food.
b Percentage agreement is defined as 100 times the number of samples for which confirmed results were in agreement divided by total number of samples. Samples were not paired.
c A χ2 value >3.84 indicates significance at p ≥ 0.05.
d Incidence of false negatives is 100 – sensitivity rate. Sensitivity rate is defined as 100 times total number of confirmed positive test portions divided by total number of inoculated samples.
e Incidence of false positives is 100 – specificity rate. Specificity rate is defined as 100 times total number of presumptive negative test portions divided by number of uninoculated control samples at

uninoculated level.
f Different enrichment media and different subsamples were used for each method. To calculate performance parameters it was assumed that all inoculated samples contained salmonellae

(Table 2000.07B).
g For dried egg powder 5 dipstick negative samples were reported as culture positive when streaked from tube 3 of Unique module at the low level and simarly 7 samples at the high level. It was

difficult to determine whether this was due to powder contamination problems. Because negative dipstick results are not normally confirmed, the data presented here and used for calculations is for
positive dipsticks that confirmed positive by subculture only.
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B. Safety Precautions

Any positive dipsticks will carry liveSalmonella. There-
fore, standard laboratory safety practices should be fol-
lowed.SeeAppendix B, Safe Handling of Microorganisms.

C. Reagents

Items (a)–(d) are available as TECRA UniqueSalmonellatest
from TECRA International, 13 Rodborough Rd, French’s Forest,
NSW 2086, Australia and International BioProducts, Inc., PO
Box 0746,Bothell, WA 98041-0746. Substitutions must be pre-
tested for equivalency.

(a) Unique test modules.—(Supplied by TECRA, or equiv-
alent.) Containing:

Tube 1: Buffer (200µL).—pH 8.5 283.1 g Tris/L H2O.
Tube 2: Wash (3.5 mL).—Modified buffered peptone wa-

ter. Formulation is as follows: Peptone 10 g, NaCl 5 g, anhy-
drous Na2HPO4 7 g, KH2PO4 3 g. Suspend ingredients in 1 L
water. Mix well and dispense. Sterilize in autoclave 15 min at
121°C.

Tube 3: M Broth(1 mL).—Ingredients per L water: 5.0 g
yeast extract, 12.5 g tryptone, 2.0 gD-mannose, 5.0 g sodium
citrate⋅2H2O, 5.0 g NaCl, 5.0 g K2HPO4, 0.14 g MnCl2⋅4H2O,
0.8 g anhydrous MgSO4, 0.04 g FeSO4⋅7H2O, 0.75 g Tween 80.
Final pH should be 7.0± 0.2.

Tube 4: Conjugate (1 mL).—Contains anti-Salmonellaan-
tibodies (from sheep) conjugated to alkaline phosphatase in
stabilizer.

Tube 5: Wash (3.5 mL).—Contains 0.006 g Tris
[tris(hydroxymethyl) aminomethane], 0.044 g NaCl, 0.0025 g
Tween 20 and 0.005 g thimerosal in 3.5 mL H2O.

Tube 6: Substrate (1 mL).—5-bromo-4-chloro-3-indolyl-
phosphatep-nitro blue tetrazolium chloride (Moss, Inc.,
PO Box 189, Pasadena, MD 21122).

(b) Antibody-coated dipsticks in resealable pouch with re-
sealing strip.—(Supplied by TECRA, or equivalent.)

(c) Caps for resealing tubes.—(Supplied by TECRA, or
equivalent.)

(d) Color comparison card.—(Supplied by TECRA, or
equivalent.)

(e) Modified buffered peptone water.—Seeformulation
given inC(a), for tube 2 of Unique module.

D. Apparatus

(a) Incubators.—35–37°C and 41–43°C.
(b) Pipet.—Delivering 4 mL for Unique test.
(c) Absorbent paper.

E. General Instructions

Unique modules must be used within 2 months of opening
the pouch of dipsticks and before the use-by date on the out-
side label of the box. Write the date of opening the pouch (date
of first use) on the outside label of the box. Refrigerate all
components (2–8°C) when not in use. Do not freeze. Compo-
nents in the kit are intended for use as an integral unit. The
modules and antibody-coated dipsticks carrying the same
batch number are matched and should not be used with tests of
a different batch number. Bring all components to 20–25°C
before use.

F. Preparation of Test Sample

Sample preparation.—Refer to Unique package insert.
Pre-enrichment.—Refer to the manufacturer’s directions

to determine if product tested has any special requirements. If
product does not have special requirements, enrich product in
modified buffered peptone water,C(e), for formulation. Incu-
bate enrichment broth at 35–37°C for 16–20 h unless other-
wise specified.

G. Performing the Unique Assay

(a) Bring modules to 20–25°C before use.
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Table 2000.07B. 50 % Detection end points, cfu/g, and
95% confidence limits (Spearmann-Karber)

Food matrix (N)a Unique Culture

NFDM (85) 0.017 (0.015–0.019) 0.015 (0.014–0.016)

BP (85) 0.027 (0.021–0.034)b 0.030 (0.021–0.041)

SF (75) 0.066 (0.057–0.077) 0.058 (0.050–0.068)

MC (75) 0.075 (0.052–0.108)b 0.062 (0.043–0.088)b

DWE (80) 0.131 (0.093–0.185)b 0.130 (0.092–0.185)b

a NFDM = nonfat dry milk; BP = black pepper; SF = soy flour;
MC = milk chocolate; DWE = dried whole egg.

b The method needs data points for 100% recovery so when these
were not available it was assumed, conservatively, that 100%
recovery would have been attained at a level 10 times the highest
level tested. The lowest level tested was assumed to be
0.003 cfu/g in all cases rather than < 0.003 cfu/g.

Figure 2000.07—The module used in the Salmonella test.
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(b) One module is required for each test sample. Label end
of each module with test sample number ID.

(c) Step 1: Capture.—(1) Open pouch of dipsticks and re-
move one dipstick for each test sample. Replace unused dip-
sticks in foil pouch with silica gel and reseal with resealing
strip provided. (2) Open packet of caps and place a sufficient
number in a container. Six caps are required for each module.
(3) Remove foil from tube 1 (Figure2000.07). Mix enriched
test suspension well. Add enriched test suspension to 4 mL
mark on this tube in correspondingly labeled module. Remove
dipstick from storage tube and screw firmly into tube 1. Retain
empty dipstick storage tube for later use. Gently mix contents
by inversion of module. (4) Incubate module at 35–37°C for a
minimum of 20 min, but no longer than 40 min.

(d) Step 2: Wash.—(1) Remove foil from tube 2, transfer
dipstick to this tube and screw it down firmly. Tightly seal
tube 1 with cap. (2) Invert module twice to wash dipstick. En-
sure that trapped air bubble travels completely past dipstick
when inverting.

(e) Step 3: Replication.—(1) Remove foil from tube 3,
transfer dipstick to this tube and screw it down firmly. Tightly
seal tube 2 with cap. (2) Incubate module at 35–37°C for
4–5 h.

(f) Step 4: Conjugate binding.—(1) Remove foil from
tube 4; transfer dipstick to this tube and screw firmly down.
Tightly seal tube 3 with a cap. (2) Incubate module at
35–37°C for 30–40 min.

(g) Step 5: Wash.—(1) Remove foil from tube 5; transfer
dipstick to this tube and screw firmly down. Tightly seal tube
4 with cap. (2) Invert tube 5 twice to wash dipstick. Ensure
that trapped air bubble travels completely past dipstick when
inverting.

(h) Step 6: Color development.—(1) Remove foil from
tube 6, transfer dipstick to this tube and screw firmly down.
Tightly seal tube 5 with cap. (2) Incubate entire module at
20–25°C for 10 min, and then read result.

(i) Step 7: Reading the result.—(1) Place double layer of
absorbent paper onto piece of foil. Remove dipstick from tube
6, and press the end lightly onto absorbent paper to remove ex-
cess substrate. (2) Read the result visually using color card
provided. Seal tube 6 with cap. Leave dipstick to dry on absor-
bent paper. When it is dry return it to its original storage tube
for future reference if required. The foil and absorbent paper
can now be disposed of after autoclaving. (3) Using the color
card.—A test sample is considered positive when a purple
color covers the lower half of the dipstick and a white band
covers the upper half. If color appears weak or non-uniform,
the result should be considered positive. If the entire dipstick
is purple, the result cannot be used. A test sample is consid-
ered negative when the entire dipstick is white except for a
small purple cross on the base. This small cross is a positive
control. Its absence indicates a step may have been omitted,
and the result cannot be used.

H. Confirmation of Positive Unique Test Samples

A positive result on the Unique dipstick indicates thatSal-
monella may be present. However, since antibodies may

cross-react with a few other organisms, culture confirmations
must be performed by streaking hektoen enteric, xylose lysine
desoxycholate, and bismuth sulfite plates from the broth in
tube 3.

Refs.: (1) Official Methods of Analysis of AOAC INTER-
NATIONAL (2000), 17th Ed., AOAC INTERNATIONAL,
Gaithersburg, MD,967.26, 967.27, 967.28

(2) J. AOAC Int. 84, 417–420(2001)

Results and Discussion

Table 1 shows collaborator participation in the study by
product type for both Australia and the United States. In Aus-
tralia 18 collaborators participated in the study that included
nonfat dry milk, pepper, and soy flour. In the United States,
21 collaborators participated in the study that included milk
chocolate and dry egg. However, not all collaborators ana-
lyzed all foods, and data from some laboratories were ex-
cluded because of method deviations or because uninoculated
control test samples were reported as giving culturally con-
firmed positive results. Some collaborators also failed to set
up test samples or to return data.

Results for analysis of each food type at each inoculation
level are given in Tables 2–6. Table2000.07Bhas results of
50% end point analysis; results for other performance parame-
ters are given in Table2000.07A. In comparing the results for
the Unique test and the BAM method different subsamples
were examined by each method. Because the distribution of
inoculum, particularly at the low level, would not be com-
pletely homogeneous, the presence or absence of salmonellae
in particular subsamples would increase the variation in re-
sults between the 2 methods. To calculate the false negative
rates and sensitivity for the high and low level materials it was
assumed that all these “inoculated” test samples contained
Salmonella. However, the study design required that test sam-
ples be fractionally positive at the low level, i.e., it was not ac-
ceptable for all 20 replicates to be positive forSalmonella. For
this type of study, the calculated false negative rate may some-
times appear abnormally higher than that in studies where the
same subsample is examined by both methods. Similarly, the
sensitivity rate and the percentage agreement may be abnor-
mally low (Table2000.07A). For this reason, Table2000.07B
with 50% detection end points has also been included. Ta-
ble 2000.07Band the 95% confidence limits show that the
performance of the Unique test and the reference method cor-
related very closely for all foods tested.

Nonfat Dry Milk

Table 2 gives results for determination ofS. typhimurium
in nonfat dry milk by 17 collaborators. Of the 255 test samples
analyzed, 166 were confirmed positive for the Unique method
and 169 were confirmed positive for the cultural method. For
each inoculation level of nonfat dry milk, a comparison
showed no significant differences (p ≥ 0.05) in the proportion
of positive test samples for the Unique method and that for the
reference method using the Chi-square test for independence
with continuity correction (Table2000.07A).
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Table 2. Collaborative study results for determination of Salmonella typhimurium in milk powder using TECRA
Unique assay

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

TECRA assay (presumptive result)

1 – – – – – + + + + + + + + + +

2 – – – – – + + + + + + + + + +

3 + – – – – + + + + + + + + + +

4 – – – – – + + – + + + + + + +

5 – – – – – + + + + + + + + + +

6 – – – – – + + + + + + + + + +

7 – – – – – + + + + + – + + + +

8 – – – – – + + + + + + + + + +

9 – – – – – + + – + + + + + + +

10 – – – – – + + + + + + + + + +

11 – – – – – + + + + + + + + + +

13 – – – – – + + + + + + + + + +

Table 1. Collaborator participation in study by product type

Collaborator (Australia) Nonfat dry milk Black pepper Soy flour Collaborator (United States) Milk chocolate Dried egg

1 Ya Y Y 1 Y Y

2 Y Y Y 2 Y Y

3 Y Nb N 3 Yc Y

4 Y Y Y 4 Y Y

5 Y Y Y 5 Ye Ye

6 Y Y Y 6 Y Y

7 Y Y Y 7 Yc Yc

8 Y Y Y 8 Y Y

9 Y Y Y 9 Ye Ye

10 Y Y Y 10 Y Y

11 Y Y Y 11 Y Y

12 Yd Y Y 12 Y Y

13 Y Y Y 13 N Y

14 Y Y N 14 Y Yd

15 Y Y Y 15 Y Y

16 Y Y Y 16 Y Y

17 Y Y Y 17 Y Y

18 Y Y Yd 18 Yd Y

19 Y Y

20 Y Y

21 Y N

a Y = Participated in trial.
b N = Did not participate.
c Results not used in analysis because of method error.
d Results not used in analysis because one or more control samples tested positive for Salmonella.
e Received samples but did not set up or did not return data.
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Table 2. (continued )

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

14 – – – – – + – + + – + + + + +

15 – – – – – + + + + + + + + + +

16 – – – – – + + + + + + + + + +

17 – – – – – + + + + + + + + + +

18 – – – – – + + + + + + + + + +

TECRA assay (confirmed result)

1 – – – – – + + + + + + + + + +

2 – – – – – + – + + + + + + + +

3 – – – – – + + + + + + + + + –

4 – – – – – + + – + + + + + + +

5 – – – – – + + + + + + + + + +

6 – – – – – + + + + + + + + + +

7 – – – – – + + + + + + + + + +

8 – – – – – + + + + + + + + + +

9 – – – – – + + + + + + + + + +

10 – – – – – + + + + + + + + + +

11 – – – – – + + + + + + + + + +

13 – – – – – + + + + + + + + + +

14 – – – – – + – + + – + + + + +

15 – – – – – + + + + + + + + + +

16 – – – – – + + + + + + + + + +

17 – – – – – + + + + + + + + + +

18 – – – – – + + + + + + + + + +

FDA BAM

1 – – – – – + + + + + + + + + +

2 – – – – – + + + + + + + + + +

3 – – – – – + + + + + + + + + +

4 – – – – – + + + + + + + + + +

5 – – – – – + + + + + + + + + +

6 – – – – – + + + + + + + + + +

7 – – – – – + + + + + + + + + +

8 – – – – – + + + + + + + + + +

9 – –a – – – + + + + + + + + + +

10 – – – – – + + + + + + + + + +

11 – – – – – + + – + + + + + + +

13 – – – – – + + + + + + + + + +

14 – – – – – + + + + + + + + + +

15 – – – – – + + + + + + + + + +

16 – – – – – + + + + + + + + + +

17 – – – – – + + + + + + + + + +

18 – – – – – + + + + + + + + + +

a Suspect colonies on plate, i.e., presumptive positive result confirmed negative.
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Table 3. Collaborative study results for detection of Salmonella virchow in pepper using TECRA Unique assay

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

1 2 3 4 5 11 12 13 14 15 6 7 8 9 10

TECRA assay (presumptive result)

1 – – – – – + + – + – + + + + +

2 – – – – – + + – – + + + + + +

4 – – – – – + + + + + + + + + +

5 – – – – – – – + + – + + + – +

6 – – – – – – + – + + + + + + +

7 – – – – – + – – + + + + + + +

8 – – – – – + + + + + + + + + +

9 – – – – – + + + + – + + + + +

10 – – – – – – + + + – + + + + +

11 – – – – – + – + + – + + + + +

12 – – – – – + + + + + + + + + +

13 – – – – – + – – + – + + + + +

14 – – – – – – – + – + + + + + +

15 – – – – – + + + + + + + + + +

16 – – – – – + + – + + + + + + +

17 – – – – – – + + + + + + + + +

18 + – – – + + + + + +

TECRA assay (confirmed result)

1 – – – – – + + – + – + + + + +

2 – – – – – + + – – + + + + + +

4 – – – – – + + + + + + + + + +

5 – – – – – – – + + – + + + – +

6 – – – – – – + – + + + + + + +

7 – – – – – + – – + + + + + + +

8 – – – – – + + + + + + + + + +

9 – – – – – + + + + – + + + + +

10 – – – – – – + + + – + + + + +

11 – – – – – + – + + – + + + + +

12 – – – – – + + + + + + + + + +

13 – – – – – + – – + – + + + + +

14 – – – – – – – + – + + + + + +

15 – – – – – + + + + + + + + + +

16 – – – – – + + – + + + + + + +

17 – – – – – – + + + + + + + + +

18 – – – – – + – – – + + + + + +

FDA BAM

1 – – – – – – – – – – + + + + +

2 – – – – – + + – – + + + + + +

4 – – – – – – + + – + + + + + +

5 – – – – – – + + + – + + + + +
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Table 3. (continued )

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

1 2 3 4 5 11 12 13 14 15 6 7 8 9 10

6 – – – – – – + – – + + + + + +

7 – – – – – + + + + + + + + + +

8 – – – – – + + + + + + + + + +

9 – – – – – + + + + + + + + + +

10 – – – – – + – + – + + + + + +

11 – – – – – – + – + + + + + + +

12 – – – – – – – – + + + + + + +

13 – – – – – – – + + – + + + + +

14 – – – – – – + + + – + + + + +

15 – – – – – + + + + + + + + + +

16 – – – – – + + – + + + + + + +

17 – – – – – – + – – – + + + + +

18 – – – – – + + + + + + + + + +

a Suspect colonies on plates.

Table 4. Collaborative study results for detection of Salmonella mississippi in soy flour using TECRA Unique assay

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

TECRA assay (presumptive result)

1 – – – – – – – + + – + + + + +

2 – – – – – – – – – – + + + + +

4 – – – – – – – – – – + + + + +

5 – – – – – – + + – + + + + + +

6 – – – – – – + + – + + + + + +

7 – – – – – + – – + – + + + + +

8 – – – – – + – – – + + + + + +

9 – – – – – + + + + + + + + + +

10 – – – – – – + + – – + + + + +

11 – – – – – + + – + – + + + + +

12 – – – – – – + + + + + + + + +

13 – – – – – + + – – + + + + + +

15 – – – – – – – + – + + + + + +

16 – – – – – – + + – + + + + + +

17 – – – – – – + – + – + + + + +

TECRA assay (confirmed result)

1 – – – – – – – + + – + + + + +

2 – – – – – – – – – – + + + + +

4 – – – – – – – – – – + + + + +

5 – – – – – – + + – + + + + + +
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Ground Black Pepper

Table 3 gives the results for determination ofS. virchowin
ground black pepper by 17 collaborators. Of the 255 test sam-
ples analyzed, 142 were confirmed positive using the Unique
method, and 139 were confirmed positives using the BAM
method. For each inoculation level of pepper, a comparison
showed no significant differences (p ≥ 0.05) in the proportion
of positive test samples for the Unique method and that for the
reference method using the Chi-square test for independence
with continuity correction (Table2000.07A).

Soy Flour

Table 4 shows the results for determination ofS.
mississippiin soy flour by 15 collaborators. Of the 225 test
samples analyzed, 111 were confirmed positive with the
Unique method, and 115 were confirmed positive with the

BAM method. For each inoculation level of soy flour, a com-
parison showed no significant differences (p ≥ 0.05) in
positive test samples for the Unique method with that for the
reference method using the Chi-square test for independence
with continuity correction (Table2000.07A).

Milk Chocolate

Table 5 shows the results for determination ofS. anatumin
milk chocolate by 15 collaborators. For the 225 test samples
analyzed, 83 were confirmed positive using the Unique
method, and 90 were confirmed positive using the BAM
method. For each inoculation level of milk chocolate, a com-
parison showed no significant differences (p ≥ 0.05) in the
proportion of positive test samples for the Unique method and
that for the reference method using the Chi-square test for in-
dependence with continuity correction (Table2000.07A).
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Table 4. (continued )

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

6 – – – – – – + + – + + + + + +

7 – – – – – + – – + – + + + + +

8 – – – – – + – – – + + + + + +

9 – – – – – + + + + + + + + + +

10 – – – – – – + + – – + + + + +

11 – – – – – + + – + – + + + + +

12 – – – – – – + + + + + + + + +

13 – – – – – + + – – + + + + + +

15 – – – – – – – + – + + + + + +

16 – – – – – – + + – + + + + + +

17 – – – – – – + – + – + + + + +

FDA BAM

1 – – – – – – – – – + + + + + +

2 – – – – – + – – + + + + + + +

4 – – – – – + – – + – + + + + +

5 – – – – – + + – + – + + + + +

6 – – – – – + + + – – + + + + +

7 – – – – – – – + – + + + + + +

8 – – – – – – + + – – + + + + +

9 – – – – – + – – + – + + + + +

10 – – – – – + – – + – + + + + +

11 – – – – – + + – + + + + + + +

12 – – – – – + + + + + + + + + +

13 – – – – – – + + + – + + + + +

15 – – – – – + + + + + + + + + +

16 – – – – – + + – – – + + + + +

17 – – – – – – + – – – + + + + +

a Suspect colonies on plates.
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Table 5. Collaborative study results for detection of Salmonella anatum in milk chocolate using TECRA Unique
assay

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

2 3 7 9 14 5 11 10 12 15 1 4 6 8 13

TECRA assay (presumptive result)

1 – – – – – + + – + – – + + + +

2 – – – – – – + – – + + + – – +

4 – – – – – + + + + + – + + + +

6 – – – – – – – – – – + – – – –

8 – – – – – – – – + – + + – + +

10 – – – – – + – + + – + + + – +

11 – – – – – – – + + + + + + + +

12 – – – – – – – – – – – – – + +

14 – + – – – – – + – – + + – + –

15 – – – – – – + + + + – + + – +

16 – – – – – – + + + – + + – – +

17 – – – – – + – – + – + + + – –

19 – + – – – + – + + – + – + + +

20 – – – – – – + + – – + + + – +

21 – – – – – – – + + + + – + + –

TECRA assay (confirmed result)

1 – – – – – + + – + – – + + + +

2 – – – – – – + – – +a + + – + +

4 – – – – – + + + + + – + + + +

6 – – – – – – – – – – + – – – –

8 – – – – – – – – + – + + – + +

10 – – – – – + – + + – + + + – +

11 – – – – – – – + + + + + + + +

12 – – – – – – – – – – – – – + +

14 – – – – – – – + – – – – – + –

15 – – – – – – + + + + – + + – +

16 – – – – – – + + + – + + – – +

17 – – – – – + – – + – + + + – –

19 – – – – – + – + + – + – + + –

20 – – – – – + – + – – + + + – +

21 – – – – – – – + + + + – + + –

FDA BAM

1 – – – – – – + + + – + – – + –

2 – – – – – – – – – + + + + – +

4 –b – – – – + + – – – + + – + +

6 – – – – – – + – – – + + + + +

8 – – – – – + + + – + – + – + +

10 – – – –b – + + + + + + + + + +

11 – – – –b – + –b – + –b + + + + –

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/84/2/416/5656756 by guest on 10 D

ecem
ber 2021



HUGHES ET AL.: JOURNAL OF AOAC INTERNATIONAL V OL. 84, NO. 2, 2001 427

Table 5. (continued )

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

2 3 7 9 14 5 11 10 12 15 1 4 6 8 13

12 – – – – – + + – – – – – – + –

14 – – – – – + – + – – – + + + +

15 – – – – – + + + + – – – + + +

16 – – – – – + – – + + – + – + +

17 – – – – – – – + + + – – – + +

19 – – – – – – – + + + + + + + –

20 – – – – – + – – + – + – – + –

21 – – – – – – + + + – – + + + +

a Confirmed by antisera, not by API 20E.
b Suspect colonies on plates.

Table 6. Collaborative study results for detection of Salmonella enteritidis in dried egg using TECRA Unique assay

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

6 7 10 11 15 3 4 9 12 14 2 1 5 8 13

TECRA assay (presumptive result)

1 – – – – – + + + – + – + + – +

2 – – – – – + – – + + + + – + +

3 – – – – – – + – – + + + + – +

4 – – – – – – + – – + + + + + –

6 – – – – – + – – – – + – + – +

8 – – – – – – + – + – + – – + –

10 – – – – – – – – – + + – + + –

11 – – – – – – – – – + – + – + –

12 – – – – – – – – – + + – – + +

13 – – – – – + – + – – + – + + +

15 – – – – – + – – – – + + + – –

16 – – – – – – – + + – + + + – +

17 – – – – – – + + – + + + + + +

18 – – – – – – – – – + + – + – –

19 – – – – – – – – – – + + – – –

20 – – – – – + – – – + + – + + –

TECRA assay (confirmed result)

1 – – – – – + + + – + – + + – +

2 – – – – – + – – + + + + – + +

3 – – – – – – + – – + + + + – +

4 – – – – – – + – – + + + + + –

6 – – – – – + – – – – + – + – +

8 – – – – – – + + + – + – – + –

10 – – – – – – + – – + + + + + –

11 – – – – – – – – – + – + – + +
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Dried Whole Egg

Table 6 shows results from 16 collaborators for determina-
tion of S. enteritidisin dry egg. For the 240 test samples ana-
lyzed, 79 were confirmed positive using the Unique method,
79 were confirmed positive with the BAM method. At the low
level, 5 of 80 test samples were reported as negative on the
Unique dipstick and positive when subcultured from tube 3 of
the Unique module, and 7 of 80 test samples at the high level
for which this was reported. It was difficult to determine
whether this abnormality was caused by powder contamina-
tion problems.

Using Unique results which were both dipstick positive
and culturally confirmed, for each inoculation level of dried
whole egg, a comparison showed no significant differences
(p ≥ 0.05) in the proportion of positive test samples for the

Unique method and that for the reference method using the
Chi-square test for independence with continuity correction
(Table2000.07A).

Recommendation

No significant differences (p ≥ 0.05) were observed for any
of the 5 foods at any inoculation level, in a comparison of the
proportion of positive test samples for the Unique method and
that for the reference method. A sixth food, raw poultry, was
originally intended to be included in the study; however, the
collaborative study for raw poultry has been delayed. We
therefore recommend that the Unique method be adopted Of-
ficial First Action with applicability to all foods except raw
flesh foods.
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Table 6. (continued )

Collaborator

Uninoculated samples Low inoculum samples High inoculum samples

6 7 10 11 15 3 4 9 12 14 2 1 5 8 13

12 – – – – – – – – – + + – – + +

13 – – – – – + – + + – + + + + +

15 – – – – – + – – – – + + + + +

16 – – – – – – – + + – + + + – +

17 – – – – – – + + – + + + + + +

18 – – – – – – – – – + + – – – –

19 – – – – – + – – + – + + – + +

20 – – – – – + – – + – + + + + –

FDA BAM

1 – – – – – – – – – + – – + – +

2 – – – – – – – + – + – – + + +

3 – – – – – + + – + – + + + + +

4 – – – – – + + – + – + + – – +

6 – – – – – + – + + – + + + + +

8 – – – – – + – – – + + + + – –

10 – – – – – + – – + – + + + – +

11 – – – – – + + + – + + + + – +

12 – – – – – + – – – + + + – + +

13 – – – – – – + – + – + – + – –

15 – – – – – – –a – – + –a –a + – –

16 – – – – – – – – + – + – + + –

17 – – – – – – – – – – + + – + +

18 – – – – – – – – – – + + – – –

19 – – – – – – – + – + + – – + –

20 – – – – – + + – – – + – – – +

a Suspect colonies on plates.
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