
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 A THESIS FOR THE DEGREE OF MASTER OF SCIENCE 

 

 

Evaluation of spindle system for effective detachment 

of microorganisms in food 

 

핀들 시  한 식  에  미생물 탈리 과 연  

 

 

 

 

 

August, 2016 

 

 

 

Department of Agricultural Biotechnology 

Seoul National University 

Do-Kyun Kim 

 

사학위논문 



Evaluation of spindle system for effective detachment of 

microorganisms in food 

핀들 시  한 식  에  미생물 탈리 과 연  

 

지도   강동  

 문  사학  문  함 

2016  8 월 

울 학  학원 생 공학  

  도  균 

도균  사 학 문  함 

2016  8 월 

원         상   ( ) 

원      강 동   ( ) 

원          판 식  ( )



III 

 

ABSTRACT 

This study was undertaken to compare the effect of the improved spindle 

systems and stomacher for detaching microorganisms from various food 

samples. The spindle is an apparatus for detaching microorganisms from 

food surfaces which was developed in my laboratory. When processed with 

the spindle, food samples were barely disrupted, original shape was 

maintained, and the diluent was clear, facilitating further detection analysis 

more easily than with stomacher treatment. The portable spindle is weight-

reduced device from the first generation spindle and 4-section spindle 

consists of 4 sample bag containers (A, B, C, and D) to economize time and 

effort by simultaneously processing 4 samples. The aerobic plate counts 

(APC) of food samples were measured following spindle and stomacher 

treatment. Correlations between the two methods for the spindle and 

stomacher were very high (R2 > 0.97). One-tenth ml of foodborne pathogens 

suspensions were inoculated onto surfaces of food samples and ratios of 

spindle-to-stomacher enumerations were close to 1 between the spindle and 

stomacher. One of the greatest features of the spindle is that it can treat 

large-size samples which exceed 200 g. Uncut whole apples, carrots, green 

peppers, potatoes, and tomatoes were processed by the spindle and by hand 

massaging by 2 min. Large-size samples were also assayed for APC and 
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recovery of the 3 foodborne pathogens, and the difference between each 

section of the spindle and hand massaging was not significant (P > 0.05). 

The suspension generated by the spindle showed lower turbidity and total 

protein concentration. Also, significantly different threshold cycles were 

observed in Real-time PCR analysis using suspensions generated by both 

methods. 

This study demonstrated that the spindle apparatus can be an alternative 

device for detaching microorganisms from various types of samples, yielding 

a higher quality of suspensions which may be better suited for further 

molecular microbiological analysis and for field application.  

 

Keywords: spindle, stomacher, detachment, foodborne pathogens, fresh 

produce, meat, sample preparation 

Student Number: 2014-22924 
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I. INTRODUCTION 

  

 Foodborne illnesses traced to fresh products have increased dramatically 

recently. Because fresh products are often consumed raw, it is inevitable for 

foodborne illness outbreaks to occur when produce contaminated with 

pathogenic microorganisms is subjected to inadequate cooking or minimally 

processed. Only in 2014, 3 outbreaks associated with sprouts, including bean 

sprouts and raw clover sprouts, occurred in the USA, resulting in over 130 

illnesses, and 2 deaths (1). Meanwhile, meat products are usually consumed 

after cooking, but meats purchased in their raw state or precooked are not 

free from illness-causing pathogens. Raw meat can be contaminated with 

various bacteria, including pathogens, throughout the process from 

slaughtering to consumption, and especially slaughtering offers high 

potential for contamination of meat. Generally, the interior of carcasses is 

recognized as sterile, but numerous bacteria attached to the surface of 

carcasses from hair or hide dust and fecal material may contaminate the 

interior of meat (2). From 2011 to 2014, outbreaks of Salmonella traced to 

contaminated chicken meat resulted in 143 infected persons, 31 percent of 

them requiring hospitalization. Eighty-eight persons who consumed ground 
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beef were infected with Salmonella and 19 persons were hospitalized in a 

multistate outbreak in the United States (3). 

 Interventions to reduce foodborne pathogens in minimally processed 

vegetables and meat product have been investigated and some effective 

methods have been established to improve pathogen reduction as well as 

lower quality loss of samples. To evaluate the efficacy of any inactivation 

methods, it is critically important to completely, or nearly completely, detach 

microorganisms from food products in order to perform accurate 

enumerations. If target bacteria remain on food surfaces after the initial 

preprocessing step, subsequent analysis will be severely affected (4). Several 

methods such as the stomacher method (5), pulsifier (6, 7), blender (8), and 

swab (9) have been introduced and applied to detach foodborne pathogens 

from food samples. The stomacher is the principal apparatus used in 

laboratories world-wide for recovering foodborne pathogens from food 

samples and homogenizing samples by crushing plastic bag contents with 2 

pedals which alternately pummel the sample bag. Due to crushing of 

contents, the sample bag treated with the stomacher contains much debris 

and turbid suspensions. This may interfere with further experimentation, for 

example, petrifilm plating, ATP bioluminescence, and DNA assays (7). The 

pulsifier method somewhat resolves problems associated with stomaching 
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(6), but still has a major limitation in that it cannot be applied to large-size 

samples such as apples or potatoes without cutting the samples into smaller 

sizes. So, large samples have to either be cut into small pieces or processed 

by hand massaging (10, 11, 12). However, the major weakness with the hand 

massaging method is poor reproducibility as well as being a labor-intensive 

method. Furthermore, microorganisms attached to meat surfaces tend not to 

be easily detached because bacterial attachment depends on properties of 

respective bacterial species and meat surfaces (2). Bacteria attached to meats 

have affinity for collagen and elastin of meat due to physicochemical forces, 

so detaching microorganisms from meat is more difficult than from fresh 

vegetables (4).  

In order to provide an improved device which can be substituted for 

traditional sample preparation methods, the first generation spindle apparatus 

(13) was developed which enables foodborne pathogens to be recovered 

more effectively while also allowing processing of intact samples without the 

need for any pre-preparation steps. Because this first-generation spindle, like 

other preparation methods, is limited to being heavy to be a portable system 

in field application and processing only 1 sample at a time, in this study, I 

improved the spindle apparatus by reducing weight or incorporating a 4-
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comparted container so that 4 samples can be processed simultaneously in 

one operation.  

In this research, I examined the efficacy of a portable spindle and 4-section 

spindle device for recovering and enumerating foodborne pathogens 

including Escherichia coli O157:H7, Salmonella Typhimurium, and Listeria 

monocytogenes from the surfaces of various food samples including fresh 

produce and raw meats and compared the results with two existing sample 

preparation methods, stomaching or hand-massaging.
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II. MATERIALS AND METHODS 

 

2.1. Bacterial strains and culture preparation 

 Three strains each of Escherichia coli O157:H7 (ATCC 35150, ATCC 

43889, and ATCC 43890), Salmonella Typhimurium (ATCC 19585, ATCC 

43971, and DT 104) and Listeria monocytogenes (ATCC 19111, ATCC 

19115, and ATCC 15313) were obtained from the Food Science and Human 

Nutrition culture collection at Seoul National University (Seoul, Korea). 

Stock cultures were kept frozen at –80 °C in 0.7 ml of Tryptic Soy Broth 

(TSB; Difco, Becton Dickinson, Sparks, MD, USA) and 0.3 ml of 50 % 

glycerol. Working cultures were streaked onto Tryptic Soy Agar (TSA; 

Difco), incubated at 37 °C for 24 h and stored at 4 °C. Each strain of E. coli 

O157:H7, S. Typhimurium and L. monocytogenes was cultured in 5 ml of 

TSB at 37 °C for 24 h, harvested by centrifugation (4,000 × g for 20 min at 

4 °C) and washed three times with 0.2 % peptone water (PW; Difco). The 

final pellets were resuspended in 0.2 % PW, corresponding to approximately 

108–109 CFU/ml. Subsequently, the mixed culture cocktails were prepared 

by blending equal volumes together of each test strain. 
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2.2. Spindle system 

The portable spindle (PSp) system (Fig. 1) consisted of an electric motor, 

time controller, 1 sample bag container. In previous research implemented 

with the first type spindle, the optimum rpm was determined in order to 

detach microorganisms from various food samples. Therefore, the portable 

spindle had fixed rotation speed 1,700 rpm.  

 The first generation spindle (13) was ameliorated that four containers 

were applied to it, so that multiple sample treatment became possible (Fig.2). 

Each small container of the 4-section spindle is connected to the same rotary 

motor that the same rotary power is applied to each section. 
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Figure 1. Depiction of the portable model spindle to detach microorganisms 

from food samples. 
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(a) 

 

(b)             

 

 

 

 

 

 

 

Figure 2. Depiction of the 4-section spindle apparatus (a) and the four 

sample bag containers of the spindle (b). 
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2.3. Detaching microorganisms by portable spindle 

 

2.3.1. Sample preparation and inoculation 

Various food samples were purchased from a local grocery store (Seoul, 

Korea), and all samples were stored at 4 °C and processed within 1 day. For 

Aerobic Plate Count (APC) examination by PSp or stomacher, samples (beef, 

broccoli, carrot, celery, lettuce, mushroom, pork, shrimp, spinach, strawberry) 

were aseptically weighed into 25 g. APC for large-sized foods which treated 

by hand-massaging were implemented with whole carrots, potatoes, and 

tomatoes. 

For foodborne pathogens recovery, each 25 g or large-sized sample was 

placed on a sterile aluminum foil in a laminar flow hood. One-tenth ml of the 

pathogen cocktail was applied to the surface of samples by spot inoculation 

which plating 10-15 droplets with micropipette. The inoculated samples were 

placed in the hood for 1 h with laminar flow fan running. Each sample was 

delivered into sterile stomacher bag, and 225 ml of 0.2 % PW was added to 

the bag in order to make decimal diluted sample.  

Large-sized food sample was also placed into a stomacher bag, with 300 

ml of 0.2 % PW. The stomacher bags were immediately processed by PSp or 

hand-massaging. 
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2.3.2. Microorganism detaching treatment  

Stomacher bags containing twenty-five g or large-sized samples with PW 

were treated by the portable spindle (PSp) for 2 min. The optimum treatment 

time (2 min) and rotation speed (7,000 × g) in previous research were pre-

input. Precut or large-sized samples with PW in each sterile bag were 

processed with the PSp for 2 min. Operating the motor causes the sample bag 

containers which are attached to the motor by a proprietary linkage (14) to 

vibrate very rapidly and violently. This allowed effective transmission of 

impulse waves to the sample. Microorganisms on food sample surfaces were 

very effectively detached and suspended in the sample diluents by means of 

robust pulsation and vibration without pummeling or fracturing the samples. 

For comparison, one sterile bag of each food sample and PW was treated 

with a stomacher (EASY MIX, AES Chemunex, Rennes, France) for 2 min. 

Sterile sample bags containing large-size samples and PW were shaken and 

hand-massaged for 2 min. Hand-massaging was performed by the same 

researcher to ensure consistent results. 

 

2.3.3. Enumeration of Bacteria 
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Following treatments, microorganisms were enumerated as follows: 1 ml 

sample aliquots were pipetted into test tubes containing 9 ml of 0.2 % PW. 

Samples were tenfold serially diluted in additional 9 ml PW blanks and 0.1 

ml of appropriate dilutions were spread-plated onto TSA or selective media 

(E. coli O157:H7: Sorbitol MacConkey Agar (SMAC, Difco); S. 

Typhimurium: Xylose Lysine Desoxycholate Agar (XLD, Difco); and 

Aerobic Plate Count (APC): TSA). All plates were incubated at 37 °C for 

24–48 h before counting. 

 

2.4. Detaching microorganisms by multiple treatment spindle system 

 

2.4.1. Sample preparation and inoculation 

Food samples were purchased from a local grocery store (Seoul, Korea). 

All samples were stored at 4 °C and processed within 1 day. The foods were 

classified into 3 groups. One group was designated precut vegetables (< 200 

g) for Aerobic Plate Count (APC) determination by stomaching: 25 g 

aseptically weighed samples of bean sprouts, bell peppers, broccoli, button 

mushrooms, cabbage, celery, cherry tomatoes, chicory, crown daisies, 

cucumbers, eggplant, grapes, green hot peppers, iceberg lettuce, leaf lettuce, 

leeks, mung bean sprouts, Pak Choi, paprika, radishes, sesame leaves, shallot, 
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spinach, winter mushrooms, and zucchini. Another group was designated 

large-size foods (> 200 g) for APC determination by hand massaging: whole 

apples, green peppers, potatoes, and tomatoes. The other group was 

designated meat samples for APC by stomaching: 25 g samples of beef 

(brisket, loin, rib), chicken (breast, leg, wing), and pork (belly, loin, rib) were 

aseptically weighed and processed. 

For fresh produce inoculation, each 25 g or large-size weighed sample was 

placed on a piece of sterile aluminum foil in a laminar flow biosafety hood. 

The final cell concentration was 108 to 109 CFU/ml and one-tenth ml of the 

pathogen cocktail was applied to the surface of food samples by depositing 

10-15 droplets with a micropipetter. Samples were dried in the hood for 1 h 

with the fan running. Twenty-five g of each inoculated precut food sample 

was placed into each of five sterile plastic bags. One was for stomacher 

processing, the others were for the spindle. Two-hundred twenty-five ml of 

0.2 % PW was added to each bag to make a 1:9 (10-fold) diluted sample. 

Each kind of large-size food sample was also placed into each of five 

sterile plastic bags; 300 ml of 0.2 % PW was added to each bag and 

immediately processed. 

For meat samples inoculation, each 25 g sample was placed on a piece of 

sterile aluminum foil. The resuspended bacterial cocktail was diluted 10-fold 
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with PW and 1 ml of the cell suspension was applied to samples. A spoon 

inoculation method (15, 16) was used to allow foodborne pathogens to attach 

to meat tissue, and the samples were stored at 4 °C overnight. In order to 

avoid excessive aridity of the meat surface, sample trays were covered with 

sterile plastic bags. Twenty-five g of each inoculated meat sample was 

placed into each of five sterile stomacher bags; one was for the stomaching 

treatment, and the others were for spindle treatment. Two hundred twenty-

five ml of 0.2 % PW was poured into each bag which constituted a 10-fold 

diluted sample. 

 

2.4.2. Microorganism detaching treatment 

The 4-section spindle apparatus (17) and stomacher were used for the 

detaching and homogenizing treatment. Four sterile bags containing meat 

samples and 0.2 % PW were placed into each spindle container (spindle 

compartment A to D; Sp A, Sp B, Sp C, and Sp D). A whirlpool effect 

generated by vigorous movement of the containers was applied to the meat 

samples in stomacher bags, which facilitated detachment of mesophilic 

bacteria and pathogens. A stomacher (Easy Mix; AES Chemunex, Rennes, 

France) was also used for detaching microorganisms by crushing and 

pummeling samples with 2 paddles. Seven types of meat samples (beef 
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brisket, beef loin, beef rib, chicken breast, pork belly, pork loin, and pork rib) 

were treated by stomaching. Conversely, chicken legs and chicken wings 

were subjected to hand–massaging as a detaching treatment because these 

samples had bones that were not amenable to stomacher treatment. Each 

method was performed for 2 minutes.  

   

2.4.3. Enumeration of bacteria  

After treatment, tenfold serial dilutions were performed by diluting 1 ml 

sample aliquots into 9 ml 0.2 % PW blanks and 0.1 ml of appropriate 

dilutions were spread-plated onto TSA or selective media (APC: TSA; E. 

coli O157:H7: SMAC; S. Typhimurium: XLD; L. monocytogenes: OAB). 

All media were incubated at 37 °C for 24-48 h before counting. Every 

colony was counted on TSA for APC and appropriate colonies (E. coli 

O157:H7: cream-colored colonies on SMAC; S. Typhimurium, L. 

monocytogenes: black colonies on XLD or OAB) were enumerated on 

selective media for the detached pathogen study. 

 

2.4.4. Turbidity measurement 

Turbidities of spindle or stomacher treated samples were measured using a 

turbidity meter (TU-2016; Lutron Electronic, Taipei, Taiwan). Twenty-five g 
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of non-inoculated samples were weighed aseptically and placed into sterile 

stomacher strainer bags with 225 ml of 0.2 % PW and processed. The 

strainer bags were used in order to remove large particulates. Ten ml of 

treated suspensions was pipetted into a sterile container which was included 

in the turbidity meter kit and turbidities were measured. This determination 

was replicated three times. 

 

2.4.5. Total protein assay in meat sample suspensions 

Total protein concentration was measured by the bicinchoninic acid (BCA) 

protein assay method (PierceTM BCA Protein Assay kit; Rockford, IL, USA) 

in 3 samples including beef rib, chicken breast, and pork belly. Beef rib and 

pork rib were selected because they showed the largest differences of sample 

suspension turbidities between the spindle and stomacher treatment, and 

chicken breast (boneless) was used because it was the only type of chicken 

that could be treated by stomaching. Twenty-five μl of sample suspensions 

from spindle and stomacher treatments were pipetted and transferred to a 96-

microplate well. Two hundred μl of BCA working reagent (consisting of a 

50:1 ratio of BCA reagent A [sodium carbonate, sodium bicarbonate, 

bicinchoninic acid and sodium tartrate in 0.1 M sodium hydroxide] and B [4 % 

cupric sulfate]) was added to wells containing sample aliquots and the 
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microplate was incubated at 37 °C for 30 minutes. After incubation, the plate 

was cooled to room temperature and the absorbance of each sample was 

measured at 562 nm with a spectrophotometer (SpectraMax M2e; Molecular 

Devices, Sunnyvale, CA, USA). 

 

2.4.6. Real-time PCR analysis of pathogens from meat samples 

Three types of inoculated meat samples (beef loin, chicken breast, and pork 

belly) were placed in stomacher bags containing 225 ml of modified-TSB 

(mTSB) for a pre-enrichment procedure. The sample bags were stomached 

or spindle-treated for 2 min and incubated at 37 °C for 16 h. After 16 h, the 

sample bags were stomached or spindle-treated again and 1 ml aliquots were 

withdrawn and transferred to 9 ml blanks of 37 °C mTSB for another 

enrichment step at 37 °C for 4 h. The enrichment broth was used for DNA 

isolation and plated onto each selective medium (SMAC, XLD, and OAB) 

with appropriate 10-fold serial dilutions in order to enumerate each pathogen. 

The initial concentration of enriched inoculum was approximately 107 to 108 

CFU/ml. One ml of pathogen-enriched suspensions were transferred to 

sterile micro centrifuge test tubes and centrifuged at 12,000 × g for 1 min. 

The supernatant was discarded and 500 μl of tertiary DW (TDW) was added, 

followed by centrifuging at 12,000 × g for 1 min again. This washing step 
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was performed three times in succession. The final pelleted cells were 

resuspended with 150 μl of TDW and 95 °C heat treatment was applied to 

the suspensions for 5 min to extract DNA. After the heating step, the tubes 

were centrifuged at 12,000 ×  g for 5 min and the supernatants were 

withdrawn for PCR templates. Real-time PCR reaction mixture 

(PowerChekTM Real-time PCR Kit ; Kogenebiotech, Seoul, Korea) 

composition consisted of 4 μl of primer/probe mixture of each pathogen, 10 

μl of 2x Real-time PCR Master mix, 1 μl of sterile TDW, and 5 μl of 

template DNA (total mixture volume; 20 μl). Real-time PCR thermocycler 

(ExicyclerTM 96 Real-Time Quantitative Thermal Block; Bioneer, Daejeon, 

Korea) conditions specified in the manufacturer’s instructions was 

programmed for 50 °C for 2 min, 95 °C for 10 min followed by 50 cycles of 

95 °C for 15 sec and 60 °C for 1 min. Also, absorbances at 260 nm and 280 

nm of the template DNAs were measured in order to determine DNA purity. 

 

2.5. Statistical analysis 

All experiments were performed in triplicate. Correlation coefficients and 

linear regression trend lines for APC for 50 fresh produce or meat samples 

were calculated and plotted using Microsoft Excel 2013 (Microsoft 

Corporation, Redmond, WA, USA). Foodborne pathogen data were analyzed 



18 

 

by ANOVA using the Statistical Analysis System (SAS Institute, Cary, NC, 

USA) and Duncan’s multiple range test to determine whether there were 

significant differences (P < 0.05) in mean values of pathogen populations of 

food samples treated by the 2 detaching methods. Foodborne pathogen 

populations of fresh produce and meat samples were analyzed by the 

comparison method used by other research publications (6, 7, 13, 17).  
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III. RESULTS 

 

3.1. Efficacy of detaching microorganisms from food samples by portable 

system 

 

3.1.1. Clarity of treated sample bags 

 

 The portable spindle treatment yielded sample suspensions of much 

greater clarity than those that were stomached (data not shown). Each fresh 

produce, seafood, and meat sample suspensions treated with the spindle for 2 

min contained very little debris and suspensions were clear. On the other 

hand, samples stomached for 2 min were homogenized into a suspension of 

very small debris. 

 

3.1.2. Aerobic Plate Count of food samples 

 

The regression lines of APC from 47 samples of various food samples 

treated by the portable spindle apparatus or stomacher for 2 min are 

presented in Figure 3. The logarithmic data showed linearity and high 

correlation coefficients indicating that the APC of samples treated by the 
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portable spindle had detaching efficacy quite equivalent to those treated by 

the stomacher. The R2 value of spindle and stomacher was 0.9723. 
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Figure 3. Comparative efficacy of the portable spindle and stomacher for 

detaching mesophilic flora from 47 various food samples including fresh 

produce, seafood, and meat. 
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3.1.3. Foodborne pathogen detachment from various samples 

 

Food samples inoculated with E. coli O157:H7 and S. Typhimurium were 

processed by the portable spindle and stomacher, and populations of the 

foodborne pathogens are shown in Tables 1 (a). Foodborne pathogen 

populations recovered by both treatments ranged from 5 to 7 log CFU/g.  

The spindle treatment yielded colony counts very similar to that of 

stomaching treatment and no significant differences were observed (P > 

0.05). Also, numbers of foodborne pathogens detached from hand-massaged 

samples (potatoes, carrots, and tomatoes) were not significantly different 

from spindle treatment (P > 0.05) (Table 1 (b)). The average ratios of the 

portable spindle and stomacher or hand-massaging were approximately 1.00, 

so that the effect of detaching foodborne pathogens was nearly identical 

between spindle and other treatments.
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Table 1. Comparison of foodborne pathogens colony count ratios between the portable spindle and stomacher (a) or 

hand-massaging (b) for various samples 

 (a) 

 

  
Escherichia coli O157:H7 

 
Salmonella Typhimurium 

  
Log

 
CFU/g 

 
Log

 
CFU/g 

No. Sample Sp
a
 St Sp-St Sp/St ratio 

 
Sp St Sp-St Sp/St ratio 

1 Beef 6.60b 6.73 -0.13 0.98 
 

7.15 6.95 0.19 1.03 

2 Broccoli 6.95 7.18 -0.22 0.97 
 

6.60 6.48 0.12 1.02 

3 Carrot 6.60 6.31 0.29 1.05 
 

5.96 6.78 -0.81 0.88 

4 Celery 6.60 6.47 0.13 1.02 
 

6.23 6.74 -0.51 0.92 

5 Lettuce 6.85 6.79 0.06 1.01 
 

6.70 6.30 0.40 1.06 

6 Mushrooms 6.18 6.12 0.06 1.01 
 

5.28 6.95 -1.68 0.76 

7 Pork 7.04 6.85 0.20 1.03 
 

6.70 7.00 -0.30 0.96 

8 Shrimp 6.56 6.70 -0.14 0.98 
 

6.78 6.49 0.29 1.04 

9 Spinach 7.00 6.24 0.76 1.12 
 

6.60 6.90 -0.30 0.96 

10 Strawberry 6.48 5.36 1.12 1.21 
 

6.28 6.60 -0.32 0.95 

 
average 

  
0.21 1.04 

   
-0.29 0.96 
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 (b) 

 

 

 

 

 

a Sp, Portable spindle; St, Stomacher; H, Hand massaging. 

b Data represent means of three measurements after treatment.  
 

  

  
Escherichia coli O157:H7 

 
Salmonella Typhimurium 

  
Log

 
CFU/g 

 
Log

 
CFU/g 

No. Sample Sp
a
 H Sp-H Sp/H ratio 

 
Sp H Sp-H Sp/H ratio 

1 Potatoes 5.30b 5.15 0.15 1.03 
 

5.23 5.21 0.02 1.00 

2 Carrots 6.46 6.54 -0.08 0.99 
 

6.56 6.43 0.12 1.02 

3 Tomatoes 6.71 6.66 0.04 1.01 
 

6.32 6.63 -0.31 0.95 

 
average 

  
0.04 1.01 

   
-0.06 0.99 
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3.2 Efficacy of detaching microorganisms from food sample by 4-section 

spindle system 

 

3.2.1. Clarity of treated sample bags 

 

Compared to stomacher treatment, sample bags treated by the 4-section 

spindle contained much clearer suspensions because rotational force resulted 

in much milder sample destruction. On the other hand, samples stomached 

for 2 min were homogenized by crushing and pummeling which yielded 

much debris (Figure 4).  
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Figure 4. Comparison of the appearance of (a) cherry tomatoes and (b) 

cucumbers after processing in PW with the spindle (left) and stomacher 

(right) for 2 min.  
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3.2.2. Aerobic Plate Count from fresh produce and meat samples 

 

Figure 5 and Figure 6 show the regression lines of APC from 50 fresh 

produce samples (bean sprouts, bell peppers, broccoli, button mushrooms, 

cabbage, celery, cherry tomatoes, chicory, crown daisies, cucumbers, 

eggplant, grapes, green hot peppers, iceberg lettuce, leaf lettuce, leeks, mung 

bean sprouts, Pak Choi, paprika, radishes, sesame leaves, shallot, spinach, 

winter mushrooms, and zucchini) and 9 types of meat samples (beef - brisket, 

loin, rib; chicken - breast, leg, wing; pork - belly, loin, rib) treated by the 

spindle (sections A, B, C, and D) at 7,000 × g for 2 min or stomacher for 2 

min. Regression lines of the logarithmically converted data showed linearity 

and high correlation coefficients. The APC of samples processed by the 4 

spindle sections showed high similarity to those processed by stomaching. R2 

values of each spindle section and stomacher were 0.9828 (Spindle 

compartment A; Sp A), 0.9855 (Sp B), 0.9848 (Sp C), and 0.9851 (Sp D) in 

fresh produce, and 0.9808 (Sp A), 0.9812 (Sp B), 0.9837 (Sp C), and 0.9838 

(Sp D) in meat samples, respectively.  

  



28 

 

 

Figure 5. Comparative efficacy of each section of the spindle and stomacher 

for detaching mesophilic flora from 50 fresh vegetable samples. A, B, C, and 

D indicate correlation coefficients between spindle sections A, B, C, and D 

with the stomacher, respectively.
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Figure 6. Comparison of spindle and stomacher efficacy of detaching 

mesophilic microorganisms from 50 meat samples. A-D indicate correlation 

coefficients between spindle section A-D with the stomacher, respectively.

A B 

C D 
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3.2.3. Pathogen recovery from fresh produce and meat samples 

 

All kinds of 25 g fresh produce and meat samples inoculated with E. coli 

O157:H7, S. Typhimurium, and L. monocytogenes showed the same trend 

observed for APC. That is, there were no remarkable differences in 

populations of foodborne pathogens recovered by the different spindle 

sections and between each section of the spindle and stomacher (or hand-

massaging in meat samples) (Table 2-5). Bacterial counts of each pathogen 

were 5-7 log CFU/g in fresh produce and 4-6 log CFU/g in meat samples, 

respectively. The average ratios of spindle-to-stomacher pathogen recovery 

numbers for E. coli O157:H7, S. Typhimurium, and L. monocytogenes were 

1.03, 0.99, and 0.98 log CFU/g in Sp A and B; 1.00, 1.00, and 0.98 log 

CFU/g in Sp C; and 1.02, 1.00, and 0.98 log CFU/g in Sp D, respectively 

(Table 2). Among all the spindle-to-stomacher ratios, the maximum ratio was 

1.15 for leaf lettuce and the minimum ratio was 0.86 for spinach. The 

average differences of bacterial counts between spindle and stomacher were 

0.17, 0.05, and 0.11 log CFU/g in Sp A; 0.13, 0.04, and 0.09 log CFU/g in Sp 

B; 0.03, 0.03, and 0.12 log CFU/g in Sp C; and 0.08, 0.02, and 0.13 log 

CFU/g in Sp D, respectively, for E. coli O157:H7, S. Typhimurium, and L. 
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monocytogenes (data not shown) in fresh produce. 

Table 3-5 showed that all spindle sections yielded colony counts very 

similar to that of stomaching treatment and no significant differences were 

observed (P > 0.05). Also, numbers of foodborne pathogens detached from 

hand-massaged samples (chicken leg and wing) were not significantly 

different from spindle treatment (P > 0.05). 
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Table 2. Comparison of colony count ratios between each section of the spindle and stomacher for 12 samples 

 
E. coli O157:H7 

 
S. Typhimurium 

 
L. monocytogenes 

No. Sample 
Sp A 
/Sta 

Sp B 
/St 

Sp C 
/St 

Sp D 
/St  

Sp A 
/St 

Sp B 
/St 

Sp C 
/St 

Sp D 
/St  

Sp A 
/St 

Sp B 
/St 

Sp C 
/St 

Sp D 
/St 

1 Bell peppers 1.03 0.97 0.98 0.99 
 

0.99 0.95 0.99 1.01 
 

0.98 0.94 0.99 0.96 

2 Broccoli 1.03 1.05 1.07 1.08 
 

1.02 1.02 1.00 1.03 
 

0.88 0.97 0.99 1.02 

3 Cabbage 1.00 0.94 1.00 0.98 
 

0.91 0.93 0.95 0.99 
 

1.03 0.96 1.00 1.03 

4 Celery 1.04 1.04 1.04 1.02 
 

1.04 1.01 1.00 1.03 
 

0.91 0.96 0.97 0.88 

5 Cherry tomatoes 1.07 1.14 1.09 1.07 
 

0.93 0.8 1.00 0.94 
 

1.05 1.02 1.02 1.09 

6 Cucumbers 0.97 0.95 0.93 0.91 
 

0.94 1.01 0.98 1.02 
 

0.99 1.04 0.94 0.89 

7 Green hot peppers 1.04 0.98 0.94 1.09 
 

1.02 0.97 1.02 1.05 
 

0.93 0.93 0.99 0.99 

8 Iceberg lettuce 1.10 1.07 1.00 1.05 
 

1.00 0.99 0.99 0.96 
 

0.98 0.97 0.99 0.98 

9 Leaf lettuce 1.02 1.15 1.07 1.04 
 

1.04 1.12 1.04 1.03 
 

0.99 1.02 0.93 0.95 

10 Mung bean sprouts 1.02 0.94 0.95 1.00 
 

1.00 0.98 0.98 0.98 
 

0.96 0.95 0.97 0.92 

11 Pak choi 1.10 1.05 1.04 1.02 
 

1.03 0.99 0.99 0.99 
 

0.94 0.96 0.94 0.95 

12 Spinach 0.94 1.00 0.86 0.96 
 

0.97 0.95 1.00 0.93 
 

1.10 1.07 0.97 1.06 

 
Average 1.03 1.03 1.00 1.02 

 
0.99 0.99 1.00 1.00 

 
0.98 0.98 0.98 0.98 

a Sp, Spindle compartments A, B, C, and D; St, Stomacher
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Table 3. Comparison of spindle and stomaching methods for recovering E. coli O157:H7, from nine type of meat  

  E. coli O157:H7 (Log CFU/g) 

 Sample Sp A
a
 Sp B Sp C Sp D St/H 

Beef      

   Brisket beef 6.21 ± 0.23 Ab 6.35 ± 0.12 A 6.21 ± 0.47 A 6.18 ± 0.29 A 6.29 ± 0.26 A 

   Loin 5.90 ± 0.68 A 6.15 ± 0.41 A 5.96 ± 0.74 A 6.18 ± 0.44 A 5.96 ± 0.36 A 

   Rib 5.20 ± 0.10 A 5.08 ± 0.01 A 5.19 ± 0.17 A 5.32 ± 0.02 A 5.41 ± 0.21 A 

Chicken      

   Breast 6.16 ± 0.08 A 6.30 ± 0.27 A 5.96 ± 0.03 A 6.14 ± 0.21 A 5.94 ± 0.32 A 

   Leg 5.64 ± 0.23 A 5.77 ± 0.20 A 5.70 ± 0.25 A 5.59 ± 0.16 A 5.85 ± 0.14 A 

   Wing 5.16 ± 0.28 A 5.20 ± 0.32 A 5.16 ± 0.12 A 5.22 ± 0.39 A 5.11 ± 0.12 A 

Pork      

   Belly 5.91 ± 0.10 A 6.07 ± 0.30 A 6.26 ± 0.32 A 5.93 ± 0.33 A 6.05± 0.28 A 

   Loin 5.97 ± 0.48 A 6.20 ± 0.52 A 6.14 ± 0.36 A 5.93 ± 0.37 A 6.18 ± 0.49 A 

   Rib 5.94 ± 0.14 A 5.60 ± 0.36 A 5.79 ± 0.17 A 5.98 ± 0.12 A 5.95 ± 0.15 A 
 

a Sp, Spindle; St/H, Stomacher/Hand massaging. 

b Data represent means ± standard deviations of three measurements after treatment. Values within rows followed by same 

uppercase letters are not statistically different (P > 0.05) 
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Table 4. Comparison of spindle and stomaching methods for recovering S. Typhimurium, from nine type of meat 

  S. Typhimurium  (Log CFU/g) 

 Sample Sp A
a
 Sp B Sp C Sp D St/H 

Beef 
     

   Brisket beef 6.24 ± 0.14 Ab 6.30 ± 0.33 A 6.10 ± 0.28 A 6.15 ± 0.27 A 6.26 ± 0.31 A 

   Loin 6.51 ± 0.28 A 6.36 ± 0.30 A 6.58 ± 0.52 A 6.52 ± 0.21 A 6.51 ± 0.05 A 

   Rib 6.54 ± 0.07 A 6.49 ± 0.15 A 6.46 ± 0.08 A 6.51 ± 0.21 A 6.58 ± 0.16 A 

Chicken      

   Breast 6.36 ± 0.02 A 6.44 ± 0.23 A 6.45 ± 0.24 A 6.44 ± 0.22 A 6.33 ± 0.12 A 

   Leg 6.09 ± 0.09 A 6.09 ± 0.13 A 6.13 ± 0.10 A 6.01 ± 0.27 A 6.09 ± 0.08 A 

   Wing 6.06 ± 0.13 A 5.92 ± 0.25 A 6.06 ± 0.27 A 6.01 ± 0.22 A 6.04 ± 0.22 A 

Pork      

   Belly 6.42 ± 0.11 A 6.39 ± 0.06 A 6.35 ± 0.26 A 6.39 ± 0.19 A 6.47 ± 0.08 A 

   Loin 6.43 ± 0.30 A 6.48 ± 0.25 A 6.48 ± 0.21 A 6.51 ± 0.11 A 6.58 ± 0.31 A 

   Rib 6.45 ± 0.05 A 6.28 ± 0.18 A 6.25 ± 0.10 A 6.44 ± 0.21 A 6.49 ± 0.07 A 

 
a Sp, Spindle; St/H, Stomacher/Hand massaging. 
b Data represent means ± standard deviations of three measurements after treatment. Values within rows followed by same 

uppercase letters are not statistically different (P > 0.05) 
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Table 5. Comparison of spindle and stomaching methods for recovering L. monocytogenes, from nine type of meat 

  L. monocytogenes (Log CFU/g) 

 Sample Sp A
a
 Sp B Sp C Sp D St/H 

Beef 
     

   Brisket beef 5.73 ± 0.18 Ab 5.59 ± 0.37 A 5.75 ± 0.40A 5.60 ± 0.42 A 5.76 ± 0.41 A 

   Loin 4.23 ± 0.40 A 4.34 ± 0.35 A 4.55 ±0.45 A 4.48 ± 0.51 A 4.59 ± 0.23 A 

   Rib 4.79 ± 0.16 A 4.88 ± 0.07 A 4.85 ± 0.13 A 4.93 ± 0.08 A 4.89 ± 0.17 A 

Chicken      

   Breast 4.65 ± 0.22 A 4.74 ± 0.13 A 4.45 ± 0 28 A 4.62 ± 0.15 A 4.51 ± 0.28 A 

   Leg 4.30 ± 0.33 A 4.50 ± 0.19 A 4.52 ± 0.27 A 4.44 ± 0.23 A 4.44 ± 0.42 A 

   Wing 4.60 ± 0.17 A 4.31 ± 0.30 A 4.62 ± 0.20 A 4.57 ± 0.20 A 4.55 ± 0.17 A 

Pork      

   Belly 5.09 ± 0.63 A 5.23 ± 0.59 A 5.18 ± 0.52 A 5.20 ± 0.51 A 5.20 ± 0.43 A 

   Loin 5.51 ± 0.57 A 5.41 ± 0.62 A 5.40 ± 0.65 A 5.60 ± 0.63 A 5.36 ± 0.67 A 

   Rib 5.39 ± 0.14 A 5.45 ± 0.25 A 5.44 ± 0.12 A 5.40 ± 0.34 A 5.46 ± 0.22 A 
 

a Sp, Spindle; St/H, Stomacher/Hand massaging. 

b Data represent means ± standard deviations of three measurements after treatment. Values within rows followed by same 

uppercase letters are not statistically different (P > 0.05) 
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3.2.4. APC and pathogen recovery from large-sized samples 

 

Table 6 shows the comparison of APC from large-size food samples of 

apples, green peppers, potatoes, and tomatoes treated by the spindle or hand 

massaging. APC following processing by each section of the spindle and 

hand massaging were almost the same, and there were no significant 

differences between 4 sections of the spindle and hand massaging (P > 0.05). 

The recovery ratio was lowest for whole apples and highest for whole 

tomatoes. Because of the variety of foods tested, different standard deviation 

ranges were observed for each food type. 

Foodborne pathogen numbers determined for large whole samples 

obtained by spindle processing or hand massaging for 2 min were compared 

with each other. Bacterial recovery counts for E. coli O157:H7, S. 

Typhimurium, and L. monocytogenes were very similar for both methods 

(Table 7). Bacterial counts of E. coli O157:H7 and S. Typhimurium were 4-6 

log CFU/g and recovery of L. monocytogenes was 3-5 log CFU/g. Three 

types of pathogen recovery by spindle and hand massaging was not 

significantly different (P > 0.05). Ratios of spindle-to-hand massaging were 

close to 1 for all food samples. The maximum ratio was 1.12 log CFU/g for 

green peppers and the minimum was 0.81 log CFU/g for tomatoes. The 
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average ratios of pathogen counts for spindle-to-hand massaging were 0.96 

to 1.03 log CFU/g for each of the 3 pathogens (data not shown). 
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Table 6. Comparison of spindle and hand-massaging methods for enumerating aerobic mesophiles from large-sized 
samples of apples, green bell peppers, potatoes, and tomatoes 

 

  
Log CFU/g 

No. Sample Sp A
a
 Sp B Sp C Sp D H 

1 Apples 2.82 ± 0.18 Ab 2.82 ± 0.23 A 2.75 ± 0.25 A 3.01 ± 0.32 A 2.83 ± 0.30 A 

2 Green peppers 3.92 ± 0.65 A 3.67 ± 0.35 A 4.16 ± 0.63 A 4.13 ± 0.62 A 3.77 ± 0.68 A 

3 Potatoes 4 28 ± 0.07 A 4.59 ± 0.04 A 4.20 ± 0.18 A 4.30 ± 0.26 A 4.37 ± 0.10 A 

4 Tomatoes 5.21 ± 0.83 A 5.42 ± 0.75 A 5.09 ± 1.33 A 5.54 ± 1.33 A 5.74 ± 0.37 A 

 

a Sp A, Spindle compartment A; H, Hand massaging. 
b Data represent means ± standard deviations of three measurements after treatment. Values within rows followed by same letters 

are not statistically different (P > 0.05).  
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Table 7. Comparison of spindle and hand-massaging methods for recovering pathogens: E. coli O157:H7, Salmonella 

Typhimurium, and Listeria monocytogenes from large-sized samples of apples, green bell peppers, potatoes, and 

tomatoes 

  

  Pathogen recovery (Log CFU/g) 

No. Sample Sp A
a
 Sp B Sp C Sp D H 

E. coli O157:H7      

1 Apples 5.41 ± 0.25 Ab 5.25 ± 0.10 A 5.40 ± 0.10 A 5.13 ± 0.37 A 5.40 ± 0.47 A 

2 Green peppers 5.44 ± 0.13 A 5.38 ± 0.43 A 5.24 ± 0.21 A 5.48 ± 0.22 A 5.31 ± 0.34 A 

3 Potatoes 4.59 ± 0.11 A 4.34 ± 0.29 A 4.45 ± 0.23 A 4.91 ± 0.34 A 4.58 ± 0.13 A 

4 Tomatoes 5.42 ± 0.09 A 5.40 ± 0.50 A 5.42 ± 0.21 A 5.47 ± 0.22 A 5.71 ± 0.28 A 

S. Typhimurium      

1 Apples 5.27 ± 0.37 A 5.14 ± 0.37 A 5.05 ± 0.45 A 5.06 ± 0.52 A 5.25 ± 0.48 A 

2 Green peppers 5.45 ± 0.22 A 5.61 ± 0.18 A 5.58 ± 0.22 A 5.58 ± 0.19 A 5.53 ± 0.09 A 

3 Potatoes 4.79 ± 0.08 A 4.76 ± 0.46 A 4.84 ± 0.41 A 5.18 ± 0.30 A 4.95 ± 0.16 A 

4 Tomatoes 5.80 ± 0.10 A 5.72 ± 0.37 A 5.69 ± 0.20 A 5.81 ± 0.17 A 5.87 ± 0.04 A 
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Table 7. (Continued)  
 

  Pathogen recovery (Log CFU/g) 

No. Sample Sp A Sp B Sp C Sp D H 

L. monocytogenes      

1 Apples 3.86 ± 0.17 A 3.42 ± 0.39 A 3.59 ± 0.19 A 3.65 ± 0.05 A 3.51 ± 0.24 A 

2 Green peppers 4.28 ± 0.11 A 4.38 ± 0.66 A 4.53 ± 0.66 A 4.63 ± 0.56 A 4.71 ± 0.48 A 

3 Potatoes 4.44 ± 0.47 A 4.45 ± 0.22 A 4.49 ± 0.53 A 4.36 ± 0.37 A 4.27 ± 0.57 A 

4 Tomatoes 4.47 ± 0.25 A 4.61 ± 0.57 A 4.49 ± 0.38 A 4.54 ± 0.17 A 4.41 ± 0.09 A 
 

a SP A, Spindle compartments A; H, Hand massaging 

b Data represent means ± standard deviations of three measurements after treatment. Values within rows followed by same 

uppercase letters are not statistically different (P > 0.05). 
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3.2.5. Turbidity analysis of suspensions 

 

Table 8 shows turbidities of the diluents of 11 selected samples, 

representing several vegetable groups, such as leaves, sprouts, small fruits, 

and mushrooms. The turbidities of the 4-section spindle ranged from around 

3 to 33 nephelometric turbidity units (NTU), and those of the stomacher 

ranged from around 43 to 1,050 NTU. 

Also, Table 9 shows turbidities of the 9 meat sample diluents. Turbidity of 

meat suspensions generated by spindle treatment ranged approximately from 

20 to 200 NTU, while turbidity of stomached or hand-massaged suspensions 

ranged from 30 to 1500 NTU. In beef rib and pork rib samples, the turbidity 

of stomached suspensions was about 400 to 600 times greater than that of 

spindle treated suspensions. All stomacher treated samples (beef brisket, loin, 

rib; chicken breast; pork belly, loin, rib) recorded at least 4 times larger 

values in turbidity than spindle treated samples. Chicken legs and wings 

treated by hand-massaging showed 35 and 96 NTU, respectively, which were 

about 2-fold greater than spindle suspensions of these same samples. 
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Table 8. Comparison of turbidities in fresh produce sample diluents after 

spindle and stomacher treatments for 2 min 

 

  Turbidity (NTU)
a
 

No. Sample Stb Sp 

 
Control (0.2% PW) 0.15 ± 0.03c 

1 Bean sprouts 1052 ± 3.61 A 4.00 ± 0.18 B 

2 Bell peppers 130 ± 4.36 A 2.99 ± 0.24 B 

3 Broccoli 489 ± 11.14 A 8.90 ± 0.41 B 

4 Cherry tomatoes 266 ± 32.00 A 1.76 ± 0.08 B 

5 Cucumbers 17.20 ± 0.25 A 1.98 ± 0.11 B 

6 Green hot peppers 65 ± 2.08 A 1.09 ± 0.10 B 

7 Leaf lettuce 99 ± 5.03 A 23.96 ± 1.08 B 

8 Radishes 43.19 ± 5.39 A 2.94 ± 0.26 B 

9 Sesame leaves 541 ± 12.17 A 14.93 ± 0.31 B 

10 Spinach 672 ± 2.89 A 32.88 ± 2.35 B 

11 Winter mushrooms 128 ± 10.44 A 14.81 ± 1.31 B 

 

a NTU, nephelometric turbidity unit. 
b St, Stomacher; Sp, Spindle. 

c Data represent means ± standard deviations of three measurements. Values 

within rows followed by same uppercase letters are not statistically different. (P > 

0.05) 
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Table 9. Comparison of turbidities in meat sample solutions after spindle or 

stomacher/hand-massaging treatments for 2 min 

 

 Turbidity (NTU)
a
 

Sample St/H
b
 Sp 

Beef 
  

   Brisket 462 ± 21.83 Ac 29.72 ± 0.28 B 

   Loin 1225 ± 71.39 A 44.33 ± 1.02 B 

   Rib 1243 ± 29.82 A 21.38 ± 0.98 B 

Chicken 
  

   Breast 869 ± 14.05 A 186 ± 6.08 B 

   Leg 34.92 ± 0.76 A 18.73 ± 0.09 B 

   Wing 96 ± 4.36 A 52.80 ± 3.31 B 

Pork 
  

   Belly 1012 ± 71.25 A 41.54 ± 4.68 B 

   Loin 886 ± 22.61 A 92.33 ± 2.89 B 

   Rib 1445 ± 8.08 A 31.89 ± 1.17 B 
 

a NTU, Nephelometric turbidity unit.  
b St/H, Stomacher/Hand massaging; Sp, Spindle. 

c Data represent means ± standard deviations of three measurements. Values 

within rows followed by same uppercase letters are not statistically different. (P > 

0.05) 
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3.2.6. Total protein concentration by BCA protein assay 

 

Total protein concentrations are presented in Table 10. Protein 

concentrations from spindle treatment ranged from 300 to 600 μg/ml, while 

concentrations of over 5000 μg/ml were measured in stomacher treated 

samples. The stomaching process yielded approximately 10-20 times greater 

protein concentration than spindle treatment because stomaching is a 

vigorous and rigorous process which induces excessive sample destruction. 

Especially, chicken breast showed the largest difference of protein 

concentration among the detaching and homogenizing methods. 
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Table 10. Total protein concentration of suspensions treated by spindle or 

stomacher measured by the bicinchoninic acid assay (BCA) method 

 

  Total protein concentration (μg/ml) 

Sample Stomacher Spindle 

Beef Rib 5154 ± 36.68 Aa 395 ± 63.22 B 

Chicken Breast 5663 ± 326.01 A 328 ± 26.23 B 

Pork Belly 5288 ± 47.50 A 631 ± 94.98 B 
 

a Data represent means ± standard deviations of three measurements after treatment. 

Values within rows followed by same uppercase letters are not statistically different 

(P > 0.05). 
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3.2.7. Real-time PCR analysis of meat sample suspensions 

 

Threshold cycles (Ct) of the 3 pathogens in 3 kinds of meat samples (beef 

loin, chicken breast, and pork belly) were measured through real-time PCR 

and the results are presented in Table 11. The Ct value of each pathogen in 

the 3 samples after spindle treatment (Sp-Ct) ranged approximately from 18 

to 19 in case of E. coli O157:H7, 17 to 21 in S. Typhimurium, and 25 to 29 

in L. monocytogenes.  The Ct values after stomaching treatment (St-Ct) 

were 21 to 22 in E. coli O157:H7, 20 to 24 in S. Typhimurium, and 30 to 33 

in L. monocytogenes. Numerically, St-Ct values were 3-5 units greater than 

those of Sp-Ct, and there were significant differences between St-Ct and Sp-

Ct (P < 0.05). Table 12 shows a ratio of template DNA absorbance at 260 

nm and 280 nm which commonly refers to DNA purity. All 3 samples after 

spindle or stomaching processing had a ratio of approximately 1.46 and there 

were no significant differences in absorbance of DNA between spindle and 

stomacher (P > 0.05).  
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Table 11. Threshold cycle values in Real-time PCR of sample DNAs 

isolated from meat sample suspensions treated by spindle or stomacher 

 

  Threshold cycle (Ct) value 

Sample Organism Stomacher Spindle 

Beef Loin E. coli O157:H7 22.76 ± 0.46 Aa 19.71 ± 0.15 B 

  S. Typhimurium 24.16 ± 0.07 A 21.66 ± 0.99 B 

  L. monocytogenes 31.74 ± 0.10 A 28.62 ± 0.16 B 

Chicken Breast E. coli O157:H7 21.60 ± 0.13 A 18.89 ± 0.04 B 

  S. Typhimurium 20.81 ± 0.17 A 17.85 ± 0.22 B 

  L. monocytogenes 33.15 ± 0.14 A 29.04 ± 0.09 B 

Pork Belly E. coli O157:H7 21.14 ± 0.15 A 19.35 ± 0.15 B 

  S. Typhimurium 21.09 ± 1.10 B 19.49 ± 0.13 B 

  L. monocytogenes 30.36 ± 0.31 A 25.09 ± 0.10 B 
 

a Data represent means ± standard deviations of three measurements after treatment. 

Values within rows followed by same uppercase letters are not statistically different 

(P > 0.05). 

 



48 

 

Table 12. The absorbance ratio of sample DNA isolated from spindle- or 

stomacher-treated meat sample suspensions 

 

 Threshold cycle (Ct) value 

Sample Stomacher Spindle 

Beef Loin 1.45 ± 0.03 Aa 1.46 ± 0.02 A 

Chicken Breast 1.48 ± 0.01 A 1.46 ± 0.02 A 

Pork Belly 1.45 ± 0.01 A 1.45 ± 0.01 A 
 

a Data represent means ± standard deviations of three measurements after treatment. 

Values within rows followed by same uppercase letters are not statistically different 

(P > 0.05). 
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IV. DISCUSSION 

Fresh produce can become easily contaminated at any step between 

production and consumption (18). Since vegetable skin is the first physical 

barrier, many microorganisms including pathogens can be found on the 

surfaces of fresh produce. Because fresh products are often consumed raw, it 

is inevitable for foodborne illness outbreaks to occur when produce 

contaminated with pathogenic microorganisms is subjected to inadequate 

cooking or is minimally processed.  

Many scientists have expended great efforts on inactivating foodborne 

pathogens (19). During evaluation of antimicrobial interventions, sample 

preparation which includes a detachment step is a most important and 

elemental step. In previous experiment with the first-generation spindle 

apparatus (13) which had only one sample container, the effect of detaching 

microorganisms was nearly identical between stomaching and hand 

massaging. The regression lines obtained by plotting log APC of spindle 

against stomacher treatment were very linear with slope nearly equal to one. 

Also, results of the spindle were not significantly different from the hand 

massaging method when applied to large-size samples for recovering 

mesophilic microflora. Furthermore, the detachment effect of spindle 

treatment on inoculated foodborne pathogens such as E. coli O157:H7, S. 
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Typhimurium, and L. monocytogenes was nearly identical to conventional 

recovery methods when comparing ratios of colony counts.  

In this study, I improved the original spindle device by reducing weight of 

the apparatus and installing a 4 section sample container. Portable spindle 

container and each small container of the 4-section spindle (A, B, C, and D) 

are connected to a rotary motor so that the same rotary power is applied to 

each section. Therefore, the detachment efficacy of each part is identical or 

nearly so. The stomacher and hand massaging methods, which are accepted 

preparation methods, can process only one sample at a time because the 

stomacher is designed to hold only one sample plastic bag, and hand 

massaging is performed by the same researcher to maintain reproducibility. 

However, the 4-section spindle can process 4 samples simultaneously while 

maintaining the same level of microorganism detachment. The efficacy of 

detaching mesophilic microorganisms from 47 various samples by portable 

spindle and 50 fresh vegetable and meat samples by the 4-section spindle and 

stomacher showed nearly identical recovery for both methods (R2 > 0.98) 

(Figure 3, 5, 6). Also, the average ratio of detachment of the three pathogens 

ranged from 0.98 to 1.03 which indicates that the portable spindle and 4-

section spindle had similar recovery ability to that of the stomacher (Table 1-

5). Therefore, the improved spindle apparatuses have a big advantage for 
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practical application by the food industry which handles many food samples, 

for example, commercial caterers. 

Furthermore, conventional devices such as stomachers and pulsifiers 

cannot process large-size samples due to narrow dimensions in the apparatus 

compared to the size of fruits and vegetables, so hand massaging or wiping 

methods were adapted for sample preparation. However these whole sample 

preparation methods have poor uniformity because they are very operator-

dependent and thus lack reproducibility between operators. Also, both 

methods are labor-intensive and time consuming. On the other hand, the 4-

section spindle ensures effective and reproducible microorganism 

detachment without fatiguing manual work. In Table 6, the average recovery 

of aerobic microorganisms by the 4-section spindle and hand massaging 

ranged from about 2–5 log CFU/g for large-size samples including apples, 

bell-shaped green peppers, potatoes, and tomatoes and the results showed 

nearly identical recovery abilities between the two methods. Furthermore, in 

recovering the pathogens, there were no significant differences between the 

improved spindle systems and hand massaging (Table 1 (b), 7). 

All food sample suspensions produced by the improved spindle systems 

were clearer than corresponding stomached suspensions which included 

substantial amounts of debris and bubbles, which can interfere with pipetting, 
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spiral plating, and even colony counting. Table 8 and Table 9 show 

turbidities of the diluents of fresh produce and meat samples. The turbidities 

of the 4-section spindle ranged from around 3-33 Nephelometric Turbidity 

Units (NTU) in fresh produce samples, 20-200 NTU in meat samples. 

However, those of the stomacher ranged from around 43-1050 NTU in fresh 

produce, and 96-1500 NTU in meat samples. These results indicate that 

sample diluents from the 4-section spindle contained much fewer particles 

than the diluents from the spindle, and produced much purer suspensions. 

The high quality suspensions generated by spindle treatment permits further 

detection analysis and microbiological techniques such as PCR and ATP 

bioluminescence. Especially, because proteinaceous meat tissues are more 

prone to disintegration, diluents contain not only detached microorganisms 

but also useless and impeditive meat particles; thus, further assays such as 

PCR or bioluminescence using meat sample diluents would be inappropriate 

and produce inaccurate results (20).  

As for BCA protein assay, diluents of stomacher treated samples exhibited 

much higher protein content than those of spindle treated samples for all 

types of meat. It can be explained that stomacher-treated sample diluents 

contain proteins originated not only from the surface but also from inner 

parts of meat, because stomaching extensively frays and disintegrates meat 
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samples, while spindle-treated sample diluents only contain meat particles 

dislodged from the surface due to vibration of the spindle. 

I also implemented Real-time PCR (RT-PCR) which is a strong tool for 

quantifying gene expression in order to understand the real applicability of 

spindle treated solution to molecular biological analysis in meat samples. 

The quantitative endpoint for RT-PCR is the threshold cycle (Ct) and Ct 

refers to the PCR cycle at which the fluorescent signal passes a randomly 

placed threshold. Through the Ct value, we can know that the PCR is in the 

exponential phase of amplification. The numerical Ct value is inversely 

related to the amplicon amount in the reaction (21). Ct values after spindle 

treatment (Sp-Ct) were lower than Ct values after stomacher treatment (St-Ct) 

for all types of meat and their various cuts. Differences in Ct values between 

the 2 treatments were about 3 to 5 units which indicate that bacteria detached 

by the spindle need fewer RT-PCR cycles to reach a meaningful range of 

amplification; this result in a more rapid reaction than for bacteria detached 

by stomaching. Therefore, spindle treatment is a very effective pre-

processing method to shorten the analysis time. Samples amplified with high 

reaction efficiencies provide lower Ct values compared to samples that are 

contaminated with a PCR-suppressing complex of obfuscating proteins or 

other compounds. As a result, stomached samples amplify with lower 
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reaction efficiencies (22). I formulated a hypothesis that higher St-Ct values 

may be caused due to i) low amplification itself resulting from meat tissue 

debris, or ii) a screening effect caused by meat debris and impurities causing 

low luminescence of RT-PCR even if amplification of DNA samples treated 

by the spindle and stomacher were adequate and almost the same. Thus, I 

implemented more experiments to ascertain the reason. Purity of extracted 

DNA was confirmed by spectrophotometry and calculated as the 260/280 

OD ratio which is the traditionally used standard (23). The ratio of 

absorbance at 260 nm and 280 nm was almost the same between spindle- and 

stomacher-treated samples. And from the experiments implemented in this 

research, there was identical cell recovery between spindle and stomacher 

treatments in terms of foodborne pathogens as well as APC. Of the 2 pre-

processing methods, the DNA isolation step was processed simultaneously, 

so that no differences in efficiency of DNA isolation would be yielded. 

Furthermore, the DNA samples were amplified at the same time through RT-

PCR, so that amplification efficiency of the 2 methods would be identical. 

Therefore, I could conclude that delayed Ct values of stomacher treatments 

were caused by attenuated fluorescence expression due to greater levels of 

impurities rather than to differences in DNA amplification of the 2 

treatments in performing RT-PCR. This result indicates that spindle 
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treatment which generates clearer and less debris-containing suspensions has 

a superior advantage in RT-PCR analysis.  
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V. CONCLUSIONS 

 In conclusion, the improved spindle devices efficiently recover 

microorganisms including foodborne pathogens from various types of food 

samples. The level of microorganisms recovered by the spindle systems, 

stomacher, or by hand massaging showed no significant differences. The 

improved spindle systems yield much clearer suspensions than stomached 

ones and enables additional detection analysis for procedures which are 

sensitive to impurities. In particular, I demonstrated that the spindle systems 

were even more effective tools for further molecular biology based analysis 

by generating much clearer, less protein-dissociated, and debris-less 

suspensions, because it helped enable the gathering of more accurate results. 

Furthermore, as device weight was reduced and 4 samples can be processed 

simultaneously, detachment procedure efficiency is dramatically increased so 

that it can be easily applied by the food processing industry. Therefore, the 

spindle system could be considered a superior device compared to the 

typically used stomacher. 

 

 



57 

 

VI. REFERENCES 

1. Center for Disease Control and Prevention. List of selected outbreak 

investigations, by year.  

Available at: http://www.cdc.gov/foodsafety/ outbreaks/multistate-

outbreaks/outbreaks-list.html. Assessed 23 February 2015. 

 

2. Selgas, D., Marin, M. L., Pin, C. and Casas, C. (1993) Attachment of 

bacteria to meat surfaces: A Review. Meat Sci 34, 265-273. 

 

3. Center for Disease Control and Prevention. Reports of Selected 

Salmonella outbreak investigations.  

Available at: http://www.cdc.gov /salmonella/outbreaks.html. Assessed 

10 October 2015. 

 

4. Rodrigues-Szulc, U. M., Ventoura, G., Mackey, B. M. and Payne, M. J. 

(1996) Rapid physicochemical detachment, separation and concentration 

of bacteria from beef surfaces. J. Appl. Bacteriol. 80, 673-681. 

 

5. Sharpe, A. N., and Jackson, A. K. (1972) Stomaching: a new concept in 

bacteriological sample preparation. Appl. Microbial. 24, 175-178. 



58 

 

 

6. Fung, D. Y. C., Sharpe, A. N., Hart, B. C., and Liu, Y. (1998) The 

Pulsifier®: A new instrument for preparing food suspensions for 

microbiological analysis. J. Rapid Methods Autom. Microbiol. 6, 43-49. 

 

7. Kang, D. H., Dougherty R. H., and Fung, D. Y. C. (2001) Comparison of 

Pulsifier and stomacher to detach microorganisms from lean meat tissues. 

J. Rapid Methods Autom. Microbiol. 9, 27-32. 

 

8. Moret, S., and Conte, L. S. (1996) High-performance liquid 

chromatographic evaluation of biogenic amines in foods an analysis of 

different methods of sample preparation in relation to food characteristics. 

J. Chromatogr A. 729, 363-369. 

 

9. Scherer, K., Made, D., Ellerbroek, L., Schelengburg, J., Johne, R., and 

Klein, G. (2009) Application of a swab sampling method for the 

detection of norovirus and rotavirus on artificially contaminated food and 

environmental surfaces. Food Environ. Virol. 1, 42-49. 

 

10. Fleischman, G. J., Bactor, C., Merker, R., and Keller, S. E. (2001) Hot 



59 

 

water immersion to eliminate Escherichia coli O157:H7 on the surface of 

whole apples: thermal effects and efficacy. J. Food Prot. 64, 451-455. 

 

11. Lu, C., Toivonen, P. M. A. (2000) Effect of 1 and 100 kPa O2 

atmospheric pretreatments of whole ‘Spartan’ apples on subsequent 

quality and shelf life of slices stored in modified atmosphere packages. 

Postharvest Biol. Technol. 18, 99-107. 

 

12. Lee, S. Y., Dancer, G. I., Chang, S. S., Rhee, M. S., and Kang, D. H. 

(2006) Efficacy of chlorine dioxide gas against Alicyclobacillus 

acidoterrestris spores on apple surfaces. Int. J. Food Microbiol. 108, 

364-368. 

 

13. Kim, Y. H., Lee, S. Y., Sagong, H. G., Heu, S., Ryu, S., and Kang, D. H. 

(2012) Development and evaluation of a new device to effectively detach 

microorganisms from food samples. Letters in Applied Microbiol. 55, 

256-262. 

 

14. Sagong, H. G., Kang, D. H., and Ryu, S. (2010) Microorganism 

Homogenizer. Republic of Korea patent 10-2010-0034930 



60 

 

 

15. Dorsa, W. J., Cutter, C. N., Siragusa, G. R., and Koohmaraie, M. (1996) 

Microbial decontamination of beef and sheep carcasses by steam, hot 

water spray washes, and a steam-vacuum sanitizer, J. Food Prot. 59, 

127-135. 

 

16. Kang, D. H., Dougherty, R. H., and Fung, D. Y. C. (2001) Comparison 

of pulsifier and stomacher to detach microorganisms from lean meat 

tissues. JARMAM 9, 27-32. 

 

17. Kim, S. J., Kim, D. K. and Kang, D. H. (2015) Comparison of a 4-

section Spindle and Stomacher for efficacy of detaching microorganisms 

from fresh vegetables. J. Food Prot. 78, 1380-1386. 

 

18. Beuchat, L., Busta, F. F., Farber, J. N., Garrett, E. H., Harris, L. J., Parish, 

M. E., and Suslow, T. V. (2003) Analysis and evaluation of preventive 

control measures for the control and reduction/elimination of microbial 

hazards on fresh and fresh-cut produce. A report of the Institute of Food 

Technologists for the Food and Durg Administration of the United States 

Department of Health and Human Services.  



61 

 

Available at: http://www.fda.gov/food/foodscienceresearch/safepractices 

forfoodprocesses/ucm090977.htm. Accessed 12 December 2014. 

 

19. Hammondi, A., Hoffmann, R., and Surry, Y. (2009) Food safety 

standards and agri-food supply chains: an introductory overview. Eur. 

Rev. Agric. Econ. 36, 469-478. 

 

20. Fung, D. Y. C., Phebus, R. K., Kang, D. H. and Kastner, C. L. (1995) 

Effect of alcohol-flaming on meat cutting knives. JARMAM 3, 237-243. 

 

21. Schmittgen, T. D. and Livak, K. J. (2008) Analyzing real-time PCR data 

by the comparative CT method. Nat. Protoc. 3, 1101-1108. 

 

22. Meijerink, J., Mandigers, C., Locht, L van de, To¨nnissen, E., Goodsaid, 

F. and Raemaekers, J. (2001) A novel method to compensate for different 

amplification efficiencies between patient DNA samples in quantitative 

Real-Time PCR. J. Mol. Diagn. 3, 55-61. 

 



62 

 

23. Jorgez, C. J., Dang, D. D., Simpson, J. L., Lewis, D. E. and Bischoff, F. 

Z. (2006) Quantity versus quality: Optimal methods for cell-free DNA 

isolation from plasma of pregnant women. Genet. Med. 8, 615-619. 

 



63 

 

VII. 문  

여러  식  에  미생물  과  탈리시키  해 

하는  과 1  핀들  개 한 새 운 시  탈리 

능  비 하는 실험  진행하 다. 핀들  본 연 실에  개  

치    진동에 해 생하는  식 에  미생물  

탈리시킨다.  치는  파쇄  통한 탈리  커  

비 해 식  샘플  파 지 않고 끗한 탁액  지하  문에 

탈리과  후 진행 는 미생물 / 량 시험에   보다 

리하다.  

 핀들  1  핀들에  미생물 탈리  한  건  

하여 필 한 치  거함  무게  고, 다 처리 

핀들  4 개  샘플  착하여 시료  동시에 처리할  게 

하 다.  가지 시  하여 식 에  탈리 과  

살펴보았  , 균  측 에   과  상 계  

보 다 (R2 > 0.97). 또한 택 지  한 식 독 균 (Escherichia 

coli O157:H7, Salmonella Typhimurium, Listeria monocytogenes) 탈리 

연 에 는 핀들과 커  하여 탈리  식 독 균 집락  

비  1 에 가 웠고,  통해  과 핀들 에  미생물 

탈리  거  같  것  알  었다.  

한편, 크 가 큰 시료(> 200g)는 커  처리할  없어  

한 마사지  탈리 과  진행하여야 하는 , 사과, 감 , 당근, 

피망 등과 같  시료  개  핀들과 마사지  한 미생물 

탈리 능  비 하는 실험  진행하 다.  탈리  균 , 

  식 독 균 에   차  보 지 않았다. 
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 핀들   탈리  커  마사지  비 하여 

  탁도 값  보 고, 탁액에 재하는  단 질 

양에 도    값  보 다.  가지 탈리 과  

거친 탁액  한 Real-time PCR 에  탁액에 재하는 

물  도에 라  식 독 균에  한 DNA Threshold cycle 

값에   차  보 다.  통해 핀들   과 

비 하여 우 한 질  시료  만들어내고, 핀들 처리  거친 탁액  

미생물학  검  에 욱 합한 과  것  알  었다. 

 핀들 치는  과 동 한 미생물 탈리 과  보여주었고, 

복  시료처리  통해 고 경  처리가 가능하 다. 또한 

 건  찾아내고 하여 무게    었  문에   

 가능  다. 마지막  탁도   단 질 함량에  

낮  값  보 는 핀들 처리 탁액  신  한 에 

합하 다. 그러므   연  통해 핀들 치가  탈리 

 한계  극복하 고, 또 체할  는 새 운  

합하다는 것  하 다.  
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