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Abstract

Reference materials are an important tool in ensuring the validity of the test results
efficiently and economically. National Institute for Food Control has implemented several
studies, characterization of microbiology chemistry for food and feeding stuffs certified
reference materials (CRM) in order to support laboratories in control and maintaining test
results quality. CRM for Escherichia coli (E. coli) in food is our study’s first interest, because
E. coli indicates unfavorable hygienic conditions and fecal contamination in foods. Milk and
dairy products are used for any stage of human life from infancy to elder. CRM for E. coli
in milk-based products were characterized by using a network of competency laboratories
leading to certified values in accordance with 1ISO 17034:2016 requirements. These certified
reference materials produced are accredited conforming to 1ISO 17034:2016 by the America
Association of Laboratories Association.
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1. INTRODUCTION

Certified reference material (CRM) is defined as “Material characterized by a
metrologically valid procedure for one or more specified properties, accompanied by a
reference material certificate that provides the value of the specified property, its associated
uncertainty, and a statement of metrological traceability” [1]. Reference material (RM) and
CRM play a critical role in ensuring the validity of the test results. CRM is especially useful
for method validation, internal and external quality control of test methods, performance
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testing of culture media, calibration of equipment, training of employees, and proficiency
testing. CRM in food matrix could be for microbiology or chemistry analysis.

Microbiology may be contaminated at any stage in the food chain production and it is
the main cause of food-borne diseases. Escherichia coli (E. coli) are major bacteria species,
that can normally live in the intestines of people and animals. Most E. coli strains do not
cause disease, some can cause serious food poisoning if people eat contaminated food. The
presence of E. coli in food indicates unfavorable hygienic conditions and fecal
contamination. Therefore, CRM for E. coli in food is our study’s first interest.

Among food product used for any stage of human life from infancy to adulthood, milk
and dairy products shall be the first to be mentioned, as those products are rich sources of
nutrients and it is a good culture medium for microorganism growth, including that of E.
coli. Therefore, milk-based products are one of the good matrices for CRM production.

In Vietnam, the maximum contaminant level of E. coli in food must comply with the
National technical regulation of Microbiological contaminants in food, QCVN 8-
3:2012/BYT. Requirements of E. coli contamination are not detected in natural mineral
waters, drinking waters, edible ice, crustacea and heat treatment Mollusca, raw eating
vegetables and instant fruit; for other food, E. Coli permission limit depends on the food
categories. Generally, the maximum permission limit of E. Coli in food is 5x10% CFU/g (for
meat and its products required heat treatment before use) [2]. Therefore, the assigned value
of the CRM production target is less than 5x10% CFU/qg.

Production technic is one of the important factors for product quality and long-lasting.
Freeze drying is one of the technics used in microbiology sample production. “Freeze-drying
has been widely used in microbiology for many decades to stabilize and store cultures™ [3].
Freeze drying of microorganisms is a multistep process that involves culturing the microbes,
suspending them in a lyophilization medium/buffer, subjecting them to the freeze-drying
process, and then subsequently storing them properly. Solid reference materials are prepared
by freeze drying, one sample can contain many microorganisms, and is used for control of
multiple microorganisms at the same time.

The availability of microorganisms RM and CRM are important to laboratories in
quality control since they demonstrate that methods used are fit for purpose. RM and CRM
from oversea suppliers requires excessive time and cost, hence, decreasing the efficiency
and lowering working progress. To deal with those difficulties, the National Institute for
Food Control (NIFC) carried out many studies and produced RM and CRM for microbiology
and chemicals in food and feeding stuff. Those RM and CRM products are accredited
conforming to 1SO 17034:2016 requirements [4-5]. The accredited microbiology CRM
including those for milk-based, cereal based products, vegetable and animal feeding stuff.

Milk-based products are diversified with many kinds of food including dairy, infant
formular, food supplements, health supplements, etc. Therefore, milk-based matrix is useful
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for certified reference materials use. In this article, we report results of E. coli in milk-based
certified reference materials study.

2. MATERIALS AND METHOD

2.1. Materials

All prepared materials are provided by suppliers following/under the Purchasing and
supplies services procedure of NIFC, including:

Strain: Escherichia coli ATCC 25922.

Culture medium prepared with: Tryptic Soy Agar (TSA, Merck - Germany, Code:
1054580500, Lot: VM916758012); Brain Heart Infusion broth (BHI, Merck - Germany,
Code: 1104930500, Lot: VM854193845); Tryptone Bile X-glucuronide agar (TBX, Oxoid
- Bristish, Code: CM0945B, Lot: 3194947) and Buffered Peptone Water (BD - American,
Code: 218105, Lot: 0174039).

Stabilizer solution was prepared with Myo-Inositol (2g), Glucose (2g); Lactose (5g)
and water (100mL).

Matrix: Milk powder prepared for the matrix are tested before use to ensure it is not
contaminated with microbiology (E. coli, total bacteria, total yeasts and molds), which may
affect on spiked targets and background flora.

Packaging materials including: Glass vial 10 mL with rubber cap and aluminum foil
cover; PVC bag size 16x25 cm for vacuum packaging 4 vials/bag; Shockproof nylon cover
sheet and Dry ice.

Main facilities used including: Freeze drying machine Model: MODULYOD-230;
Vial crimper; Vacuum sealing machine, Ultra-Low Temperature Freezer Model: MDF-
U700V X-PB, Sanyo Incubator Model: MIR10201567, Cabinet Mode: SafeFAST Elite 215D
and Other laboratory facilities.

2.2. Methods

The stock strains were cultured on non-selective agar dishes.

Enrich BHI culture from one colony and check for biochemical properties. The culture
of organisms is prepared using method McFarland 0.5 and checked by plate count method if
necessary.

Let dilute suspension of bacterial culture reach desired concentration and
subsequently, transfer it into stabilized solution. Mix well by using magnetic mixer. The
stabilized solution contains bacteria called solution A.

Mix matrix solution: Mix milk-based product in PBS buffer with ratio of 1:2 (by mass),
this is called solution B.

Production planning designed with 100 glass vials produced in production protocol:
Transfer 2 mL of solution B into a glass vial and add 0.5 mL of solution A into the vial that
was filled with solution B. Loose the rubber stoppers, put the sample into liquid nitrogen,
stored at - 80°C refrigerator in 12 hours, after that freeze drying at - 45°C in 24 hours. Test

m Vietnam Journal of Food Control - vol. 5,no. 4,2022




LeThiPhuongThao, DangThiOanh, DangHuuCuong, ... Le Thi Hong Hao

the target microbiological concentration before, after stored at - 80°C, and after freeze-
drying.

Test method used: Microbiological concentration test by Microbiology laboratory of
NIFC with accredited test method - enumeration by colony count technique [6-7].
2.2.1. Assessment of homogeneity

Ten vials random sampling to be tested in duplicate [8, 9]. The one-way analysis of
variance is used to test for a significant between-unit difference [9], using R software for
homogeneity evaluation. The between-unit difference was not statistically significant at the
95% level of confidence, using the F test. Between-unit deviation (syn?) shall be less than
¢ = F1(0.3 op)? + Fo$,2. Where Frand Fzis drawn from ISO 13528 [10], optis proficiency
testing standard deviation, s.2 is the within-unitdeviation.
2.2.2. Assessment and monitoring of stability

Assessment and monitoring of stability by Long-term stability study is done by 3 vials
random sampling each 1; 2 or 3 months until 12 months. Samples are stored at 2 - 8°C. Use
Student t-test to test for statistically significant change to evaluate stability.
2.2.3. Characterization

Characterization measurand of CRM is performed by a network of competent
laboratories [9], use results of 07 accredited laboratories participated in proficiency testing
schemes organized by NIFC with the same test method and proficiency test results of |z-
score| < 1.

Assigned values are the mean of the p data set while mean [y is applied as the assigned
value [eeee [9] in formula (1):

>
Uo00 = o000 _ i (1)
O
Assigned uncertainty of the CRM is expressed as:
= 3 + UuU® + U° 2
Uogo=Qu®  +u® “Hu® (2)
In which:

+ [ oo 1S uncertainty associated with reference materials characteristics calculated as
the standard deviation of the mean of the p data set mean [Jj:

(0 Lo > (Vi Youn)?

_= p-1
oo

+ UgeelS Uncertainty associated with homogeneity is omitted due to heterogeneity is
not permitted for production batch.

+ Uy IS uncertainty associated with predicted change given by standard error for the
estimated slope, s(b1); the time interval between value assignment and the initial stability
monitoring point (tm1); and the period of validity of a certificate issued during that time (tcert):

e = U(H1) (Cew+ Coonn) (4)
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Certified value is the sum of assigned value ([ ¢é) and expanded uncertainty ([ ¢ee =
oo oot 2l eee-

Where k is a coverage factor, k = 2, we assumed the distribution is approximately
normal and the coverage probability is 95 %.
2.2.4. Data statistical analysis

In this study, we used R software for homogeneity evaluation and stability assessment;
Excell software used for confirmation of R software statistic analysis, and shelf life
calculation.

3. RESULTS AND DISCUSSION

3.1. Homogeneity assessment
Ten random vials were tested for E. coli colony forming unit with 2 replicates. The
initial test (To) results are presented as in Table 1.

Table 1. E. coli test results for homogeneity evaluation

_ Results
No. or\éle?IiZg CRU/mL L0guo
number Repllicate Repl;cate Repllicate Replzicate Mean E/i\?ts) S(lér)n W2
1 23 3.0x10° 2.8x10® 3477 3447 346 0.030 6.924 0.0009
2 52 26x10° 3.0x10° 3.415 3.477 345 -0.062 6.892 0.0039
3 39 3.0x10% 2.7x10® 3477 3431 345 0.046 6.908 0.0021
4 22 28x10° 2.6x10° 3.447 3.415 343 0032 6.862 0.0010
5 9 25x10° 3.0x10° 3.398 3.477 344 -0.079 6.875 0.0063
6 2 26x10% 2.7x10® 3.415 3431 342 -0.016 6.846 0.0003
7 25 24x10° 29x10° 3.380 3.462 342 -0.082 6.843 0.0068
8 47 3.1x10° 2.8x10° 3.491 3.447 347 0.044 6.939 0.0020
9 44 27x10° 3.0x10° 3431 3477 345 -0.046 6.908 0.0021
10 15 27x10° 26x10° 3431 3.415 342 0016 6.846 0.0003
Total = 34.36 34.48 3442 -0.117 68.844 0.0255
Mean = 3.44 3.45 344 -0.012 6.8844 0.0025
Variance (Var) = 0.001218
Within-unit deviation (sw?) = 0.001275
Deviation of sample averages (s,%) = 0.000609
Between-unit deviation (Sx?) = 0.000000
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From the results of Table 1, use R software for one-way ANOVA analysis. As the
results, P-value = 0.859 > 0.05, hence, the different between unit was not significant at 95%
confident level.

Use the F test to confirm the homogeneity. Factors F1 = 1.88 and F2 = 1.01 as shown
in table B.1in I1SO 13528 [10]; opt = 0.25, and ¢ = 0.01186. The result that g, < ¢ is evidence
of the fact that the batch of the product was sufficiently homogeneous.

3.2. Stability assessment and monitoring

Homogeneity assessment (To) was initially tested results for stability assessment.
Following test caried out at T1, T2, Ts, T4, Tsand Teafter 79, 122, 158, 210, 268 and 355
days from the production date. The average logio results are presented in Table 2.

Table 2. The Logzio results of E. coli test in sample at different time

Test time

Sample No: i T2 T3 Te Te Te
1 3.414 3.388 3.406 3.299 3.259 3.159
2 3.415 3.406 3.415 3.239 3.230 3.239
3 3.406 3.406 3.404 3.296 3.311 3.241
4 3.438
5 3.429

The initial test (TO) results were compared with the 355 days (12" month — T6) test
results in Table 2, using t-test two group samples for variances. As the results, p-value =
0.21>0.05. The difference between the two group variances is not significant. Therefore, the
samples are stable until studied time (355 days ~ 12 months from production date).

3.3. Characterization
3.3.1. Assigned value

Seven accredited laboratories participated in the proficiency testing schemes organized
by NIFC with the same test method and proficiency test results of |z-score| <1. The test
results are shown in Table 3.

Table 3. E. coli proficiency testing results of competent laboratories

Lab No. restt Test method z-score
CFU/mL Logio

1 1.6 x 10° 3.204 TCVN 7924-2:2008 - 0.645
2 4.7 x 10° 3.672 TCVN 7924-2:2008 0.692
3 1.4 x 108 3.146 TCVN 7924-2:2008 -0.811
4 0.17 x 10* 3.230 TCVN 7924:2008 -0.570
5 4.6 x 103 3.663 TCVN 7924-2:2008 0.665
6 1.5 x 103 3.176 TCVN 7924-2:2008 -0.725
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7 50 x 10° 3.301 ISO 16649-2:22.(;(32([);8TCVN 7924- - 0368

The Assigned value is calculated in accordance with formula (1) by data in Table 3,
leee= 3.342, equivalent with 2.2 x 10® CFU/g. The assigned value of CRM is less than the
maximum permission limit (5 x 10® CFU/g) in food. Therefore, this CRM reaches the
designed production target.

3.3.2. Uncertainty

Uncertainty of certified value Logzo calculated as formular (2) is: ucrm = 0.233.

Extended uncertainty (k = 2): Ucrm = 0.466.

The upper limit (Lyp) is 3.807 equivalence 6.4 x 10° CFU/qg.

The lower limit (Liow) is 2.876 equivalence 7.5 x 102 CFU/g.

3.3.3. Shelf life

Simple linear regression analysis by R software shows the relationship between E. coli

count in the sample and storage time (days) as shown in Figure 1.
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Figure 1. The relationship of E. coli count and time
The graph displays the change in E. coli numerical and its Logio according to time
(Day) as a few colonies are incapable of surviving or activated after a long time of storage.
The linear regression E. coli count and time are shown in Figure 2.
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Figure 2. The Logio of E. coli count following time (day)

Figure 2 shows that the Logzoof E. coli count in the samples changes according to time
(p = 3.313e < 0.05) linearly with the regression coefficient R? = 0.86. The linear regression
equation is:

Y =0.0007 x Days + 3.472 (5)

The predicted expiration date is a min of shelf life calculated by formula (5) according
to Lupand Liow. As a results, the predicted shelf life is 454 days from the productiondate.

The certified reference material of E. coli produced by NIFC was accredited by the
A2LA [4-5]. The CRM contributes source of resources not only for internal quality control,
but also for external quality control, especially for second or third parties using in laboratory
assessment.

4. CONCLUSION

The certified reference material of E. coli produced by NIFC was accredited by the
American Association of Laboratory Accreditation. 100 vials are produced with

characterization: Sample are evaluated homogenized; Assigned value: T¢ee= 3.342,
equivalence with 2.2 x 10° CFU/g; Uncertainty: ucrm = 0.233. Extended uncertainty (k = 2):

Ucrm = 0.466; Sample stable until 12 months study from production date; Shelf life
estimated as: 454 days from the production date. Domestically produced certified reference
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materials are more convenient not only for internal quality control, but also for external
quality control, especially for second or third parties using in laboratory assessment.
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San xuatmauchuan chimgnhan Escherichiacolitrongsanphamtirsita

Lé Thi Phuwong Thiao'", Ping Thi Oanh!, Ping Hiru Cuong’, Nguyén Thi Minh Hoal,
Tran Thanh Son!, Nguyén Thi Hang!, Vii Thi Hai Ha2 Lé Thi Hong Hao®

1 ; . . ..
Khoa Dam bao chat luong, Vién Kiém nghiém an toan vé sinh thuc pham quoc gia
2Khoa Vi sinh va GMO, Vién Kiém nghiém an toan vé sinh thire pham quéc gia

3Vién Kiém nghiém an toan vé sinh thuc phcfm quéc gia, Ha Ngi, Viét Nam

Tom tit

Mau chuén 12 cdng cu quan trong trong dam bao gié trj sir dung cuia két qua thir nghiém
mot cach kinh té va hiéu qua. Vién Kiém nghiém an toan vé sinh thuc pham qubc gia da thyc
hién mot s6 nghién ctru, dua ra cac dic tinh ciia mau chuan chimg nhan cho thyc pham va
thirc an chan nudi nham hd tro cac phong thi nghiém trong viéc duy tri chit luong cua két
qué thir nghiém. CRM E. coli trong thuc pham duoc chling ti quan tam nghién ctru dau tién,
Vi E. coli chi thi diéu kién vé sinh khong phii hop va sy nhiém phan trong thuc pham. Sira
VA C4C san pham tir sita dugc sir dung cho bat ky giai doan nao ciia cudc doi con ngudi tir tré
so sinh dén ngudi 16n tudi. Escherichia coli trong cic san pham tir sita duoc xac dinh cac
dic tinh do ludng bang mang 1udi cac phong thi nghiém c6 ning luc va dua ra gia tri ching
nhan phu hop theo yéu cau ciia ISO 17034:2016. Cac mau chuan chiing nhin nay da dugc
cong nhan phi hop theo yéu cau cia ISO 17034:2016 bai Hiép hoi cong nhan phong thi
nghiém cua Hoa ky.

Tir khoa: Reference material, NIFC, food testing, ensuring validity of the test, E. coli.
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