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Technology development for maintaining postharvest freshness of

commercial seed sprouts packaged for consumer delivery
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SUMMARY

I. Title

Technology development for maintaining postharvest freshness of commercial seed sprouts

packaged for consumer delivery

II. Purpose and Importance

Seed sprouts as a vegetable are recently attracted the attention of consumers which already
account for a large proportion in fresh vegetable market in the United States and Europe Union. The
proportion of seed sprouts in vegetable commodities has been also increased in Japan which has
different food culture from us. Although consumption of seed sprouts which are referred to a

'well-being' vegetable is gradually growing, basic information on seed sprouts are still insufficient.

Sprouts are produced from germinated seed using pure water and harvested within 7 days so
that is immature state because leaves haven't been fully developed for a week. Because cultivators do
not use pesticides or fertilizers during cultivation, seed sprouts are regarded as environmentally
friendly and functional vegetables. On the other hand, most consumers little know efficacy of seed
sprouts to the human health and how to eat. So, if information were accompanied by a publicity, the
consumption of sprouts will be increased. At an initial stage of entering into the market, most of seed

sprouts were consumed in the food service sector, but retail consumption is growing nowadays.

The most difficult problems to overcome in the seed sprouts production is that how to protect
the contamination from harmful microorganisms. When contamination occurs, the product becomes
deteriorative during storage and distribution. Hence, thorough sanitation practices are needed from
farm to market for keeping the sound state. Also, emphasis on safe approaching to food is greatly
increased because the trend of food consumption is tending toward health promoting and convenience.

For this reason, hazard factor management is more required for ready-to-eat fresh seed sprouts.

Seed sprouts have a very short shelf-life and their quality deterioration causes economic
losses. Therefore, introducing proper technology to keep quality stably are required. When fresh
agricultural produce which are the most sensitive to freshness are placed at room temperature after
harvest or undergo a significant temperature abuse during distribution even though they are pre-cooled

or stored at cold temperature, the product quality can be lost in comparison to the initial state and



easily deteriorate. The cold chain system that currently being used in domestic is difficult to maintain
and manage constant temperature at several points in distribution route. As a result, production profits
can be reduced by quality deterioration or loss of freshness. In Korea, considering that a variety of
production items, a small amount of production, consumption patterns of low-volume packaging, and
delivering item could be possible in a day, it is necessary to develop and distribute cold chain system

suitable for domestic situations.

In order to achieve the safety and quality stability of seed sprouts during distribution, total
systems including proper postharvest pre-treatment, packaging, and transportation for raw materials
should be established. Thus, in this research, distribution technology for postharvest management and
freshness maintenance of seed sprouts to be delivered directly to consumers was developed so that
contribution to establishment of stable supply system of safe and high quality seed sprouts can be
made and accordingly commercial compensativeness of a new functional food material seed sprout

will be secured and added values will be raised.

III. Contents and Scope

Development of freshness maintaining distribution technology for small packed seed sprouts
includes analysis of physiological and quality characteristics of seed sprouts, searching for appropriate
pre-treatment methods for postharvest handling, shelf-life assessment according to environmental and
packaging conditions, effectiveness analysis of the temperature maintenance based on the existing
distribution methods, demonstration of appropriate postharvest treatments which could be applied to
the field, design and manufacture for temperature-sensitive functional packaging materials, analysis
for the effect of temperature maintenance, assessment for applicability to seed sprouts, demonstration
for field application, setting up conditions for active MAP and evaluation of applicability, analysis and
prediction of the variable factors affecting the quality during distribution, effectiveness analysis of the
combined treatment of temperature-sensitive and active MAP , and demonstration of an active MAP

field application.

To establish postharvest management technology and system for seed sprouts, physiological
and quality characteristics of buckwheat sprouts was analyzed and then appropriate postharvest
pre-treatments methods were explored. At the same time, shelf-life of buckwheat sprouts was
evaluated according to the environmental conditions and packaging methods. In addition, temperature
maintaining effect of existing distribution methods was analyzed and demonstration of proper

postharvest treatment for field application was performed.

Developing and applying temperature-sensitive functional packaging technology for



distribution directly to consumers, a new temperature-sensitive insulation packaging using PCM was
designed and temperature-sensitive packaging prototype using commercial PCMs were prepared in the
laboratory. To evaluate temperature-sensitive insulation packaging for seed sprouts, buckwheat
sprouts were used for applicability. Finally, temperature-sensitive insulation packaging was tested in

the field.

To develop complex processing technology and application system for freshness, an active
MAP condition for buckwheat sprouts was searched and its applicability was evaluated through the
storage experiment using temperature-sensitive functional packaging materials and active MAP in
combination. The variable factors affecting the quality during distribution were also analyzed and

predicted and finally an active MAP field application was demonstrated.

IV. Results and Suggestion

The basic physiological and quality characteristics of buckwheat sprout showed that its
respiration rate increased exponentially according to increment of environment temperatures (5-30C)
with maintaining normal aerobic respiration. The number of mesophilic and coliforms bacteria existed
buckwheat sprout was the highest at the mature stage and it tended to decrease in the overmature stage
of buckwheat sprout. In particular, loss of quality was observed at the overmature stage with blooming
in overmature buckwheat sprout. To maintain best quality of buckwheat sprout, it was necessary to
prevent the direct contact between buckwheat sprout and insulated material due to chilling injury
occurred at -13°C in 1 hour. In appropriate postharvest pre-treatment of buckwheat sprout experiment,
hypochlorite solution (100 ppm), acidic electrolyzed water (pH 2.3), and chlorine dioxide (40 ppm)
treatment brought to microbial decrement over 1 log cycle and maintained good quality during cold
storage. To maintain best quality of buckwheat sprout, storing temperature should be 10C and sealed
packaging in plastic tray was the most beneficial. When chlorine washing & cleaning (100 ppm),
pre-cooling, packaging were performed separately in seed sprouts manufacturing step, maintaining
freshness was not affected during distribution of buckwheat sprout and microbial safety was also
effectively increased. A mathematical model was developed to predict the thermal experience of
the seed sprout in expanded polystyrene box during transportation and delivery. The model
was derived using basic heat transfer principles covering convection, conduction and radiation.
The temperature profiles of a simulant were recorded and the overall heat transfer coefficients
were determined under various ambient temperatures (25, 30 and 35C). The simulation model

was confirmed by comparing predicted temperatures with measured values.

The new temperature-sensitive functional materials using commercial PCM (i.e., RT-2, SAP)



with the flexibility was used to design and make cold retention package which was applied to
buckwheat sprouts small package showed better result to maintain the low temperature of sample with
the virtual summer air temperature condition compared to the general ice-cold pack. SAP treated
sample's internal and external temperature remains low compared to RT-2 and as a result SAP's cold
retention capacity was better than RT-2. In addition, varying the weight of a rectangular SAP cold
retention materials, the greater the weight of cold retention materials in the package the internal
temperature was maintained at a lower temperature for longer periods. In particular, even though the
weight of SAP and commercial ice-pack was the same, application forms such as full surround with
SAP was more effective to keep raw material temperature and quality. The result of using flexible
SAP cold retention materials for buckwheat sprouts shipping containers to the actual distribution from
the production, internal temperature of buckwheat sprout container tray was maintained lower than 1
‘C for approximately 13 hours. In addition, there was no significant difference from existing
conventional ice-pack in terms of the quality factors of seed sprout. The effects of phase change
materials (PCM) on sprout temperature were analyzed. The phase change temperatures for
MPA, SAP, and RT-2 ranged 1-2C, 1-2°C and 2-6C, respectively. Among three types of
PCMs, SAP was the most effective for retardation of temperature increase. Three-dimensional
temperature profiles were obtained with various boundary and initial conditions using
COMSOL multi-physics program. The simulation results showed good agreements with the

experimental data.

To ensure microbial safety and stability of seed sprouts, various active MAP treatments were
applied. Maintaining quality of buckwheat sprouts was better with lower 60 percent oxygen condition
than the mixture of high oxygen and carbon dioxide. However, inoculated pathogenic bacteria(E. coli
O157:H7, S. Typhimurium, S. aureus, L. monocytogenes) was not effective in reducing viability.
When active-MAP condition which effectively maintain the quality of buckwheat sprouts and flexible
SAP cold retention materials treated in parallel, maintaining lower temperature of flexible SAP cold
retention materials was less than 10 hours compared to regular ice packs. The number of aerobic
mesophilic bacteria was tended to decrease slightly in most sealed packaging samples and sensory
evaluation of decoloration and apparence was the best at 20% and 40% of the MAP high oxygen
condition. The results in the actual production field showed that mid-long distance which takes less
than 10-12 hours distribution could be possible to maintain initial quality and inhibit microbial growth
when active MAP with 40% high oxygen conditions and flexible SAP cold retention materials treated
in parallel. An analytical model was developed to predict a minimum distribution time for the
sprout. The optimum combination of the insulation packaging materials and modified

atmospheres was evaluated as well. The developed models can predict successfully the sprout



temperature under various packaging conditions and can be used for packaging system design.

IV. Performance and Contribution

Based on the present results, it was possible to obtain the basic information on postharvest
control and distribution technology of buckwheat sprouts. Provided with a possible subsequent
research grant, the safety controlling guide for seed sprouts industry can be developed as educational
materials to secure the microbial safety of fresh sprouts with high quality during mass distribution and
sales. The postharvest treatment and distribution technology developed in this study can help supply
safe and fresh seed sprouts to consumers and finally enhance the competitiveness and commercial
value of domestic sprouts as a new functional vegetable. To apply the developed techniques in

production field systematically, positive efforts on distributing the techniques will be made.
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3 B Pseudomonas®} Erwinia 0.2 %7] #E WEF 10° CFU/g S=olt}. 18
U A2t Seprkal 2 W] CO, § 57 oA wAdEwe] A Wit A
A AAT o] 4 nAER AP S 5 At Y=29] Listeria, Yersinia, Salmonella,
17 HAdd2 A2dME A5 5 lomw ¥ §55= A
= HUd A= EA4 7heAdS FIE g flem(Table 2), AAl= o] &

of 9%k AT AAALE = o 2 Bl vl QITR(Table 3 & 4).

AAR AxF, B3 47 $AEE P SR NATE FheTL Jow, Au
©2 10°-10" CFU/g 7} 29% o] TH(Francis et al, 1999). ©] Z 80-90% 4 %=7} Gram
S A 7ht O 2 X Pseudomonas, Enterobacter X Erwinia <°| l'?"Er"]ﬂr(Manvell, 1986;
Brocklehurst et al., 1989; Marchetti et al., 1992). AAr#S &3 M=y} G oA 4
=5, 53] 22wt & o Ay ol EAs}y. T3 Cryptococcus, Rhodotorula,
Candida®} % B} Fusarium, Mucor, Rhizopus, Penicillium?}t 7S 3 ol%x &3] A=
FItH(Webb, 1987; Brackett, 1994). LB}o| %= A A3 A5 Me=g a4 2 A2 Lol A
Salmonella spp., E. coli O157:H7, Listeria monocytogenes, Shigella sonnei 5 °| &% A4
21 =S ket Abg7F Qlth(Itoh et al., 1998; CDC, 2006).

g g o] WS A AAA SR Frleke FAld Atk mls AW A AE(CDC)
o] wtxo] wzw vjd w=o ARk <F 1,600-1,80071¢] 2] AH Elolgo] WA s, o] <l
3 °oF 400/ o] wid Abgeithal B ¥l QITHGellin et al, 1987). 1981 7Hubt} whelet
A FolA ot glaH P ol Atare] A9, A gulF A E=rF ddoldon 4179
skap7p WA Ele] 179 0] AbEd Th(Schlech, 1983). 19791 m]=F B AEo|A = My, E
e, dF 5o Aih= Aste] 2079 gaEEolso] TAEAY SEkaE HES A}

&3 MAXYZ WAAA CL botulinum 2T YA = B 315 ) tH(Sugiyama, 1975).

Table 1. Microorganisms isolated from fresh produce (Brackett, 1996)

Vegetable Microorganisms isolated

Asparagus Aeromonas

Bell peppers Aspergillus, Fusarium

Broccoli Aeromonas

Cabbage Pseudomonas, Alternaria, Botrytis, Cladosporium, Penicillium
Carrot Bacillus, Erwinia, Pseudomonas

Cauliflower Aeromonas

Cucumber Citrobacter, Enterobacter, Erwinia

Lettuce Aeromonas, Citrobacter, Enterobacter, Proteus

Tomato Acinetobacter, Corynebacterium, Enterobacter, Escherichia,

Flavobacterium, Klebsiella, Lactobacillus, Pseudomonas, Xanthomonas
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Table 2. Occurrence of potential foodborne pathogens in minimally processed fresh (MPF)

vegetables and similar products (Nguyen-the & Carlin, 1994)
Microorganisms  Product salr)r?psllgs\&)) Observations Country
Listeria Chicory salads 4.8 France
monocytogenes ~ Chicory salads 8.8 <1 CFU/g France
Shredded cabbage N.S. France
Processed vegetables 13 England
and salads
Mixed vegetables 7 England
Mixed vegetables 5 Germany
Mixed vegetables 19 England
Mixed vegetables 3to 1l <100 CFU/g Europe
Range of MPF vegetables 0 France
Yersinia Range of MPF vegetables 76 Strains not pathogenic to man France
enterocolitica Range of MPF vegetables 22.2 to 55.6 Strains not pathogenic to man France
Range of MPF vegetables 75 No indication of pathogenicity France
Mixed vegetables N.S. Strains not pathogenic to man England
except one strain ambiguous
Aeromonas Range of MPF vegetables N.S. 10*10° CFU/g Italy
hydrophila Prepared salads 21.6 England
Staphylococcus Mixed vegetables 0 Limit of detection 20 CFU/g  England
aureus Range of MPF vegetables 0 Limit of detection 100 CFU/g Swiss
Mixed vegetables 3 to 14 USA
Escherichia coli ~ Mixed vegetables 25 < 500 CFU/g England
Range of MPF vegetables 0 Limit of detection 10 CFU/g  Swiss
Mixed vegetables 2t06 USA
Salmonella spp. Range of MPF vegetables 0 Limit of detection 1 CFU/25 g France

N.S.: not specified.

Table 3. Some bacterial foodborne diseases associated fresh produce (Hurst, 1995)

Disease Bacterial cause Outbreak country Commodity

Gastroenteritis Staphylococcus aureus USA Import, canned mushrooms

Shigellosis Shigella sonnei USA Shredded lettuce

Listeriosis Listeria monocytogenes Canada Shredded cabbage in
Coleslaw

Diarrhea Enterotoxigenic Mexico Salad of law vegetables

Escherichia coli

Botulism Clostridium botulinum USA Coleslaw(MA-packaged)
Clostridium botulinum USA Chopped garlic in oil
Salmonellosis Salmonella javiana USA Sliced/whole raw tomatoes
Salmonella chester USA Cut and served
muskmelon
Salmonella poona USA Salad-bar cut mushmelon
Vibrio cholera USA cabbage
Bacillus cereus USA Bean sprouts
Virus hepatitis USA Lettuce
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Table 4. Causes of 29 outbreaks (1990-2003 in USA) associated with sprout (CFSAN, 2005)

Bacterial cause No. of Outbreaks No. of Cases

Escherichia 5 141
E. coli O157:H7 3 120
E. coli O157:NM 2 21

Salmonella 24 1948
S. Anatum 1 15
S. Chester 1 26
S. Enteritidis 4 244
S. Havana, S. Cubana, S. Tennessee 1 40
S. Infantis, S. Anatum 1 109
S. Kottbus 1 32
S. Mbandaka 1 83
S. Montevideo, S. Meleagridis 1 650
S. Muenchen 2 99
S. Newport 2 202
S. Saint Paul 2 52
S. Senftenberg 1 60
S. Stanley 2 158
S. Typhimurium 1 119
Salmonella spp. 3 59
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A2A A sAF I EF T =

3274 expanded polystyrene (EPS) “gAFe} 22 BHW-&7]¢ SUAY 2 444
Fo AXF V)=l dol B2 Vl=A, BAA el o8| del 2o kil old g
A

T A 20417158 &EEt A o] Fol A ghk

53] G E2G AlzdloAe] ddag A disie B A9 o] FoA, W 2k
Hsls A A5 (Khalifa, 2001; Erdogdu, 2008), ¢4 =% Z71(Sastry & Kilara, 1983;

Zuritz & Sastry, 1986), ZJ A2 FF<} vlX|(Alasalvar & Nesvadba, 1995; Stubbs et al.,
2004; Casada et al., 2008), t’d WE2F9 &7 (Zuritz & Singh, 1985; Zuritz & Sastry,
1986; Agnelli & Mascheroni, 2001)2} #H@dste] A2 et A7} gaks] o] Foj# gt

oAl Aol ot AH Yzh Al LERSIE oS5k 4] 2 ¥ (analytical
, o REE i %7t Ao dAstttal 7H8 Sk lumped

system RS ARGSEo] WAAIZEYE YA e Wit RPAE 3ol AA]E3ITH(Jain

ok o)e g mdo] & H FAo| Ui A= TS o] FoJ AT} Genetic
2 A A 3o A% Q3L (Bast & Smale, 2008), A ARG 7 x
% 3l computational fluid dynamicsE ©]-&3 dHdg EHE JPEHATH(Moureh &

Derens, 2000; Moureh et al., 2002).
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A2d A3 Qs 2

O

LAV A 5 o
A AR A Al B2 A W (Fagopyrum  esculentum Moench) A2 ARE-5}Sith ol

RS A= Al A FER(F) A 2007 6L H-E] 2010 49 Apolo] AAF

02 02% 94T EE JEFATE 425 A vl FAE oA A Au] o o]

= =
A5k ke 25-30C, 90-95% RH ZFAo|A 8% 4417 7Aoo = oF 90%7F o pd A&t

S

g wrstel 78907 AMStATh A%7] FHe W AR FHF 100 ppm FAFE

FFand T S85E 23 PT ALaga, A YREeHE 49 Aed ¥ g

H4e AA §710) gk ARARE 29 FY oA AT AL BT Fels

YAEPS) Al DLW EFPAS @A 9ol WR, &FF F APl gt WY
[e)

Zaps AR Aol ALEE AT EAs, A 25 AEE 5
NN FAT F Aol AgaAr. WY A A
g, d ALs Belste] ALt A B B4 Ao A}
Sigma-Aldrich (St. Louis, MO, USA), Junsei Chem. (Tokyo, Japan) =+ Showa Chem. Ind.
(Tokyo, Japan)®] GR &9 AlF< Tt AHEslalT.

2. M| AE T B A el A

MAA R HES WY vAE TTT T2 Escherichia coli O157:H7 (ATCC-43895),
Salmonella  Typhimurium (ATCC-14028), Staphylococcus aureus (ATCC-14458), Listeria
monocytogenes (ATCC-19111)5 =2EFdA7 MBS dFZPoll A FeFatol Ao A}
&3ttt ol ME w5 HE 2 S f8 <l AEEiAI =4 E coli O157:H7
sorbitol MacConkey agar (Difco Lab., Sparks, MI, USA), S. Typhimurium< X ZA|7} 0.46%
A 7Fe XLT4 agar (Merck, Darmstadt, Germany), S. aureusi= egg york tellulite emulsion®]
0.05% #7}¥ Baird-Parker medium (Oxoid, Cambridge, UK), L. monocytogenes = K.Z=A|7}
0.01% F 7} Oxford Listeria selective agar (Merck)E AFE-3ISITh b o A% =
T2 Al5e] dnt vAlE HAAE A T FRlol& plate count agar (Merck), ™7t

T2 Chromocult agar (Merck) WA & A}-&3}5I

3PAE WS HE

Zyzyo] w2y & E v tryptic soy broth (Difco Lab.) BJA| 30 mLel| slant AFE]S] H
¥ ATE YEol® 128 AFste HESkaL, 24ARF FASRE 37CelA 28] A& wj
g U AF EE&dow ARt JE wF 2

AEt = S aureus, L. monocytogenesi= 37°C, E. coli O157:H7, S. typhimurium->- 30°C ol 4|
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16217P4 Hlkate] tl5Ea Fuvle] muelwm zAstrh olsh go] &4 W
= =
T=

= [¢]
He o AHAAAS AXA Ear Z22F 10°-10° CFU/mML 502
=

% clean bench StollA w|g] FH|S 5 =8N 2 mLE& A5 W dAH B9 L3t

=
A &3] A (spotting inoculation) FHZE A #Fo] ¢k 10° CFU/g =5 o|2%= HF3 v
5427C, 85-90% RHE A% = WBarolA 3-4x3F A% Byksto] A7) wd A 422

of LEA AMELEE Sl

<2 7158 AT V1S A 459 S3A(16%21.5 em, 350 @)¢F HEA FA
Ae e AwE me AuAdgel b de AdAdA A4 Adesdn. dugel
J Zy7] o2 AWst 22 PCM), & §8FS A (hydrocarbons) Al
tetradecane Y 5 2 Rubitherrn® RT-2 (Rubitherm Technologies GmbH, Berlin, Germany)@r
polyacrylate ¥ 59| 1554 ILEAHSAP, Kolon Chemical Co., Seoul, Korea)ES S A=
Agatela, A el SAPRE ALgaidth FAACR Fudel fA4 wuAE
7 33-35 pm, A7) 21x70 cm® PET/CPP U235 ¢ Rubitherm® RT-2E °F 30 mL¥
(10 mL2 °F 7.54 g) Y& & 71 A@Asa, 4748 HA(S5-10 mm)S B F A &
8

g G2 Yol HG WHsE WAoR AR FFo] oF 350 go o|2EE AL,

PCM O .2 X polyacrylates AF&3t HJAl= F7 65-70 uym, 7] 21x70 cm®] PE L &%

ol 0.1%(w/v) polyacrylate 8-} < 50 mL (10 mL< ¢F 10 g)= il A9} e w2

o® Azt A R4 FH Y FAA B 458 THAR =3 AHEHE
H

air cell 3= air bubble ZE5(21x60 cm)2] 7™ cell W+ 0.1%(w/v) polyacrylate 8% <F
0.5 mLA S FU3 F Y nyste] 29 FHE Ao AR&siit °ol5 PCM
o
=

[e)
I ¥AL7)9 Fo AEA 2EE Table 59 Aelw wie} 72}

Table 5. Thermal properties of the used packaging materials at 25°C

Packaging Density Thermal Specific heat (kJ/kgK) Latent heat
. 3 conductivity - —

material (kg/m’) (W/m'K) Solid Liquid (kJ/kg)

EPS box 19 0.035 1703 - i

PP tray 950 0.4 1.925 ; ;
MPA 944 0.552 1.2 2.8 3294
SAP 948 - 1.6 3.0 350.7
RT-2 730 0.2 1.8 2.4 201.6
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7h AA e 2 E24A

e A 2R A 0] e A e WMo = A Zfobed Ak 8-<H(50, 100, 150 ppm), 713
—?[0.13% NaCl §doz A7|Es|4 A ](Bom International Co., Acera 2000, Suwon,
Korea)S A&3lo]l 2 (pH 2.5), 22| (pH 8.6), & ZE|(pH 11.78)9] HAal4= A %], ©]
Absted Aol Akt A A3 A 7](Boobuck Entech Co., Oxyplus, Uijeongbu, Korea)E A}-8-3}<]
10, 20, 40 ppm FE9 o2 dAG AF], LEF[LE A 7](Ozone Tech., 1202RS,
Bucheon, Korea)E AF&3}e] 2.5, 5, 7.5 ppm =2 &5 A x] & AMHAIEE HA
AL & 5 sk WA oR AEAl AYE AEste] AR WA vAA=Y Az
AAEIE S vty FAH R XA EE Fe2Y vy ol] 50 g¥ HE F
Zkzke] A g &hell 13 A8k vkt 3]97ste] clean bench FellA FolEHE R E7]
7F AAHES oF 58 Fot WA oS, "Wk A B %5 (Whirl Pak® B01195, Nasco Co.,
Fort Atkinson, WI, USA)ol|l Fo} 5£2°C, 85-90% RHE A%+ Yol 6Lzt #A4a}
WA T2 A, s 59 uAdE AdTE SASIAT A 7HA A 7k
| AE A7ra szl 2lE 100 ppm 2hold kel g A (pH 2.3) A&, 40 ppm ©]4F
st e L3 or ARE A A F A=A T Y AR Ay
543 FASAS SASAY. dA HER 13 AT o 50 go AR E 26F
NS ARgatgleon 7 Aenitt HA 33 v Adegit. BE dAA- Y] RTEE
TFEE(10-15C)e 133 JAAg AS 7|2 s} H /5] ERY O R A
PP tray £7](21.5x14.5x5 cm)2} OPP &5 5(180x250 cm)oll LA =200 g/47], 70 g/%
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AlZE, 25C el 16A17E, 30C oA 4A17J ¢ BashdA 87 WeRe] 2mwstel AR
Aze] FEANEE ST A A A8adE vashy] f& e AL
S8 At Fejo] FYA= ray §7] Lol Fwa AYIsh FdEA ST I
A BmAe] HEnE :LOM SAP By Aje] PCM F&%HS HAFTH 200, 350,
500 gol 2 g Aol A gatlom, AR

St gEA Az 5 oA AR LAt

=%, FAY7L 5L BT olhs B SRStk

2 A&tk wWd AqAAE 200 g¥ S PP tray
71 T3l 0, CO, N9l 24 H[ &S o2 24T F A& 7IAEF7I(KM 100-3M,
WITT Gasetechnik GmbH, Witten, Germany)2} A} 7] #| 5% 327 7] (Olympia Auto., Tecnovac
S.R.L., Grassobbio, Italy)E A}-&3}] 40%, 60%, 80%2] EE AHAe ymx] AL= T
AE TI7AE WY o2 S8 o2, 30 um T2 OPPPP HlEEoR &
Aatste] W8 g w3k 54 BAow st sk A9 o]iksiErA
371 41(20% O, + 80% Na, 20% O, + 15% CO; + 65% Na, 60% O, + 40% N, 60% O,
+ 15% CO; + 25% No)= AABA &7 T2 PP tray £7]o 52 H353F & 5427C, 85-90%
RHZ A= Wdare] 44zt Agstdr F24E5A4 3

&% MAP Aol 9§ AAA 8] nAE Aojans #lsty
A vd ARAI= 200 gofl disl] 22 WA o= Z3VIA(20% O, + 80% No, 40% O
+ 60% Na, 60% O, + 40% N, 60% O, + 15% CO, + 25% No)= U8 FF3sto] #L4%
ShAA U AE AFFE SAHINGY BE TF5H MAP A2l ERTEE PP tray £
of g7 FEol 7S ol 73 Ae VIEom A

&7

o

A 2o UF LERS 7154 T} 55D MAP FE A oA, v A
200 g¥s PP tray 87]°] Hal 77} 20% O, + 80% Na, 40% O, + 60% N, 60% Oy +

2
40% Na, 60% O, + 15% CO, + 25% N, 27 E7AE Fxsto] L% Eﬂa(ﬂq'
A Eesle do] wgow Py fud WUAGSAP, 350 9F Bel4 T 87 5

451 9 o= ABAE BaagE, e W9 A

%
wo] evl gaAE £45 e A EPS Aol W¥stn Hat 25C
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% GC (GC-14A, Shimadzu Co., Kyoto, Japan)oll +3}al, o|Z2HH A AZvnlEIH O
2 7RSS EAesT oju AFEH GC B ZALS detector: TCD, column: Alltech
CTR I, column temp.: 35C, injection temp.: 60°C, detector temp.: 60C, carrier gas: 50 mL
He/mino] it} A ol A#eo] 5552 Wy A]~El(Hong & Kim, 2001)S &3}

5
=l
sk &, AT Aol FAE fel 87119 L) Wil AA AR 13 PE 2

= = A

gZol NARAEE Y BHEI T 030CR dAsA 257 f-A45= AFAdd Basd
A AXHo R g7|He 7AZRAS GCE BAX35t] 0, 4 2 CO, T T F&EEE
Alxksksi ok

AAT F ARARS] FFNe Sl 1 gaFe 27] gkl dF Bw

wd AfRe] R Ere AEEH dEAEY T AP A 2HKFIA, 1998)00 utE)

Aok AR 2 WS FHEEY 105CE FAstE 7x7]olA] o] @ uj7X]
Il ls S 4t

S|V
~ M

>

AN

[

84 AHEIFS AQYRAR 5 gHS I ZAESL] 47 A=E I T Fl
& refractometer (PR-32a, ATAGO, Tokyo, Japan)Z 743l 53] 549 Haty

ETHUAE °Brix H9E EASAT

up, Az

AMAAze] e, &7], BEHE AZS Chroma Meter (CR-400, Konica-Minolta, Tokyo,
Japan)E A}838}o] A3 F Hunter L, a, b #ho2 FEA|SAT. WA FFIH1L=97.75,
a=-0.49, b=1.96)S Al&3le] MAAE AT §F A S| Algstglon, HFHER 5
3] WHE SAse] Hghy FEAAE UERA

AL AR AR B A

AAAR 30 gBS HePda Hd DEXF(Whirl Pak® B01195, Nasco Co., Fort
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Atkinson, WI, USA)oll F A El= AFH3te] €& ths, 0.85% 2B 295 60 mLE 7}
sto] 2 7](BagMixer® 400, Interscience, Bretéche, France)® ¢F 127t mlajet & A=k
o] #HdNE FH3lY 0.1% peptone (Difco Lab.) F&NHo = A 3|4 &Qlth Z2b Al
M) 0.1 mLAS AEuix] = A iAo 5] =Ed v, 37CelA
24-48A17F S2F F3 wj iy g H F 20200709 HEHEs Zte AHEUAE AE
skl Ald ¥ CFUg= AwE ZAIH A2 3= 33] v st 92 Y
Ha s A= Yepgiddoh gkl dd ARy Fx4o] WA mAdE 7FS ghle)

71 A&l ZF A2 F¢] A E colonyE Vitek® 2 compact (BioMerieux, Inc., Marcy-I'Eltoile,
France)E ©]-&3dto] A3}t A|FHALES At /A AdgajlelA s FA3
A E2 colony] Ad7del wel -3k tryptic soy agar (Merck) B Aol A T colony=
ket & 045% B AA5ol 9F 0.55-0.65 McF (McFarland: 0.5 McF= A5 % <F
10° CFUmLY #1%) =7t H=2 g3 a, o] dedld] Vitek® I ID-GNI == GPI
(BioMerieux, Inc.)& <1243 & Vitek™ ol ol A 16A17F &<t 4 0}03‘:} 5 8} (identification
probability)Z XA H = wA AN 5 FF=2 FHE gEo] WS 7§ unidentified
W+ low discrimination®. 2 JFEEH, o]5S A¥ A Efﬁ'/\]ﬂﬂ gt MAdE F

gL 23] wkEsigl o, w3 4 platese] 23S SA T

=Y

o} #5574}

BN E] Hed Hrhes AA AT JBEE A Aol wa F FddE
SHAAF 29 8108 e ® 5ColA 4-6U47F A43E o AR WA A H

[e)
o, oeFAd o HrIE el 97 HI=o AolAHE HANE /‘e]*]g}?,i\:}(l(ader et al.,

BE AdAyE FAA ZZ1(SAS Institute Inc., Ver. 9.1, Cary, NC, USA)9]
ANOVA (Duncan's multiple range test) wiheA o2 A st Htgke]l F9xH(p<0.05)E

AZ a5k
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A3 A Wg % A
AR 20 A EA =

Sk AR 3

M A BE S FASHE SYSEa, o 5
F ARRA Aev)Ed #d ARE nRe] 87 SRR BE TEER, ZFAS

Ao wAlY Bol AAEYT S JEo] mE A%, nFE T YR 2
Qv #59 FA 5o FASHEL A% PEstel AU AR A2HA AFEHE T

| A 4 A
AH o7 5 10, 20, 30CE 3+ 2=xAS 2e]dto] static WA o= =A%
TE5ES 5CoA °F 24 mL/kgh, 10Col A ¢k 51 mL/kgh, 20CollA] 175-179
mL/kgh, 30Cell A 320-335 mL/kgh2X 2=%=ZF7to] wel 2422 A5S Yehyglon
(Fig. 1), 2=z BARe] TEATFE 0.98-1.05 HYS yelo] wd A#o] Ax &
Fg o] #8S o]FE AN F7)|5ES FAENSS &+ o

=
Frgo 2= JEAS FYHEgHoR FHA5taiAl Arrhenius WA Ao oA

(V)]

Ha AR 5 A
st 2% W3l wE 3&E WiE Ay E AI(Fig 1), e AvEE 2 o)akstE A
1PN =) N =] 2 Ful

A A 2299 el A wl$- A ’= 0.978-0.985)0] =& A
=

T el
A ehieh o= Re W Ade] EHugel e BB AUAE)E T2.1- 74T
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AR AE AN 7, 8, 9AR AMAFE A7) T2l zAdske] AN W%, A
2k
(e}

2,
rong
=
=
1o
A
o,
2
=
o,
H
=2
=
i
o
AC)
Jm
o,
s
i
(S
Jm
o,
ftlo

500 1.1 7
mmm O, consumption

m== CO, production

=401 @ RQ 6
°
¢ 1] 1.0
300 ° 5
200 4
L 0.9 =
Z
100 ; 3
z T
. T
5 0 _[m | ‘ ‘ 08 ¢ 2 ‘ ‘ ‘ ‘
e R
= 5 10 20 30 = 0.0032  0.0033 0.0034 0.0035 0.0036 0.0037
= <
8 Temperature (°C) g /T (K™

Fig. 1. Respiration characteristics of buckwheat sprout as a function of temperature.
Respiration rates and respiratory quotient of buckwheat sprout at various temperatures (left)
and an Arrhenius plot for the respiration (right).
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Fig. 2. Length and thickness (left) as well as moisture content and soluble solids content
(right) of buckwheat sprout as affected by maturity. Immature, mature, and overmature:
sprouts cultivated at 25-30°C for 7, 8, and 9 days, respectively.

o] 13616, 17716, 212424 mm=E AL F7F S5 AASA Stk o,
T 92 1.3240.10, 1.27+40.12, 1.1540.13 mm= Hx} 723} th(Fig. 2). 83
7HeAR LREFFEE FA ko weh IS ol AQujdrTE soldeE R
91.7-94.6% % F7Fets M, APE FFE 1.7-1.9°Brix WA M2 7
UFEF ATHFig. 2). ool whal =g Ak MzZ-e sXeo] wmE ApolE T

ou, Ayt ow AujdsrE S7kgtel whel st s ato] A} glo] ] © = A Hunter L,

att> S7FSFal Hunter b#ke #astes AE¢S & & A UH(Fig. 3).

ditd oz e edFEs VS F de WA Ao A, Y Al =
Ashs T4 F2ATS 1.5-3.8x10" CFU/g <, w2 2.5-9.3x10° CFU/g &%
WERLaL, o5 5 Al 7P 12 AusE FAsE dsrlE dorhuA
A2k gashs FEE HAAT(Fig 3). ol T2 w7 RS s8] FEoR
stebe FAS AN W F25 A4 MAE AsA 7L HEA oS AAbstar
ek @ v A e S REY SFAge WIS A AikFig 4), A
T7F S7tete] A s TEEC] gasgion of A TEAgeE skl wA
fol 0.99-1.02 =5 YERH] wE Aol 4k amjeh o] Ahstha Ao HHE o
o A 271 EEWARE aAEsIi oeder wdd id Ao we
FAL msg s s FEHE Alsta FEE AelE FEd] olEile
u, Fsr]E dofrba A AR we] Fito] HAk AfskE o] Ak AEAdE e Ao®
sl = A
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Fig. 3. Color parameters (left) and microbial population (right) of buckwheat sprout as
affected by maturity. Immature, mature, and overmature: sprouts cultivated at 25-30C for 7,
8, and 9 days, respectively.
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Fig. 4. Respiration rates (left) and appearance (right) of buckwheat sprout as affected by
maturity. Immature, mature, and overmature: sprouts cultivated at 25-30C for 7, 8, and 9
days, respectively.
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Fig. 5. Flesh weight loss (left) and color parameters (right) of buckwheat sprout as affected
by freezing time (freeze injury).

Fig. 6. Appearance of buckwheat sprout as affected by freezing time (freeze injury).
Control: non-frozen sample.
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StRR o] A

S

PCR-DGGE<} 43}

o] AFF7F EA
toh, Al F oz wd Ao U A F o

°©

Q
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AA Y7} WA

J

o] %71 <F 10° CFU/g,

M
A

A
Pe] Hi2 3.0-3.5x10° CFU/g oS UERdo] mA)

o+ = ATh(Fig. 7).

7

=]

—_

2 At thtate] 107 CFU/g Welel #

™

IH(Table 6), Raoultella ornithinolytica, Enterobacter intermedius,

Me . CO/y 5
BactRfiks oms

Rot(head/tail)

mmmm Normal

| 2z Rot(stem)

Y

ebn&yw*‘jggom

k]

10]0
10°
108
107 A
e

2] 2}

sprout. M: marker, A: normal sample, B: rot stem, C: rot head & tail, 1-6: tested pathogens.

Fig. 7. Microbial population (left) and bacterial species (right) of postharvest buckwheat

Sphingomonas paucimobilis, Klebsiella pneumoniae ssp. pneumoniae
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=
Ao A= 1 log cycle ©]%<]

o] &}sh4, A

Table 6. Microbial population of buckwheat sprout cultivated with and without disinfection

treatment

Ao A2

Arkatel AL

=]
$2 wptow A sel Aujel A}
o]

B Fdol At

T JEF Aol A ZHS0-100 ppm)o] AAA=
P A3, wE FAdA = Agadrt AY gllen
MAE A7ERE 808 4 AANTHFig. 8). oy
$5 = &5 A4 o a5AE FhRelESs
HA] FoWHA HAE HHAALS FEAA

=

Typical cultivation

Cultivation with chlorine spray

Raoultella ornithinolytica

Enterobacter intermedius
Sphingomonas paucimobilis

Klebsiella pneumoniae ssp.
pneumoniae

Pseudomonas aeruginosa
Enterobacter sakazakii
Pseudomonas fluorescens
Enterobacter cloacae
Kluyvera cryocrescens

Staphylococcus lentus

2.0x10’

1.6x10’
3.0x10°
1.2x10°

6.0x10°
3.0x10°
2.0x10°
1.9x10°
1.9x10°
3.0x10°

Klebsiella pneumoniae ssp.
pneumoniae

Pantoea spp.
Sphingomonas paucimobilis

Enterobacter intermedius

Raoultella ornithinolytica

1.2x10’

8.0x10°
5.0x10°
1.1x10°

1.2x10?

Table 7. Microbial population of buckwheat seed treated with and without chlorine solution

Control

Chlorine treatment

Sphingomonas paucimobilis
Pantoea agglomerans
Pantoea spp.
Pseudomanas oryzihabitans
Staphylococcus lentus
Enterobacter cancerogenus

Enterobacter cloacae

Streptococcus thoraltensis

5.0x10"
2.7x10*
1.9x10*
1.2x10*
1.7x10°
6.1x10'
2.2x10"
1.1x10"'

Pseudomanas oryzihabitans
Pantoea spp.

Kocuria rosea
Sphingomonas paucimobilis
Pantoea agglomerans
Acinetobacter haemolyticus

Enterobacter cloacae

Enterobacter cancerogenus

5.1x10*
2.5x10"
2.0x10°
2.0x10°
5.0x10°
5.0x107
1.4x10"
6.0x10"
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Fig. 9. Microbial population of buckwheat sprout as affected by sodium hypochlorite (left)
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and electrolyzed water (right) treatments.
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Fig. 10. Microbial population of buckwheat sprout as affected by chlorine dioxide (left) and
ozonized water (right) treatments.
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Fig. 11. Changes in flesh weight loss (left) and appearance (right) of buckwheat sprout
treated with various dipping pretreatment during storage at 5C for 6 days.
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Fig. 12. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with various dipping pretreatment during storage at 5C for 6 days.
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Fig. 13. Changes in Hunter L, a, b values of buckwheat sprout treated with various dipping
pretreatment during storage at 5C for 6 days.
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Fig. 14. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
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sprout treated with various dipping pretreatment during storage at 5C for 6 days.



Table 8. Changes in sensory characteristics” of buckwheat sprout treated with various
dipping pretreatments during storage at 5C for 6 days

Storage time

(day) Treatment” | Discoloration Wilting Decay Visual quality

Control 3.8abc 3.6ab 3.0ab 6.1a
Rinsing 4.6a 4.5a 4.0a 4.6a

2 HOCI1 2.8¢ 3.1b 2.5b 6.0a
ClO; 3.4bc 3.6ab 2.8b 6.3a
Ac-EW 4.1ab 2.9b 3.0ab 6.3a
Control 5.3a 4.5ab 3.8b 5.5ab
Rinsing 5.1a 4.9ab 4.9ab 4.3b

4 HOCI1 3.0b 3.6b 3.8b 6.6a
ClO; 5.5a 5.5a 5.8a 4.0b
Ac-EW 4.9a 5.0ab 4.9ab 5.0b
Control 6.2ab 6.1a 5.2a 4.6a
Rinsing 6.2ab 5.6ab 5.2a 4.1a

6 HOCI1 4.8b 4.3b 5.0a 5.3a
CIO; 7.1a 5.9a 6.0a 4.1a
Ac-EW 6.8a 6.2a 5.7a 4.2a

" The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.

% Buckwheat sprout samples were dipped into various treatment solutions at approximately 15C for 1
min. Control: no treatment after harvest, rinsing: water alone, HOCI: 100 ppm sodium hypochlorite
(pH 9.5), ClO2: 40 ppm chlorine dioxide, Ac-EW: acidic electrolyzed water (pH 2.5-2.9).
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Fig. 15. Changes in flesh weight loss (left) and appearance (right) of buckwheat sprout
treated with different precooling methods during storage at 5C for 6 days.
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Fig. 16. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with different precooling methods during storage at 5C for 6 days.
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Fig. 17. Changes in Hunter L, a, b values of buckwheat sprout treated with different
precooling methods during storage at 5C for 6 days.
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Fig. 18. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout treated with different precooling methods during storage at 5C for 6 days.
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Table 9. Changes in sensory characteristics” of buckwheat sprout treated with different
precooling methods during storage at 5C for 6 days

Storage time

(day) Treatment” | Discoloration Wilting Decay Visual quality
Control 2.6¢c 2.1b 2.3a 7.9a
2 Hydrocooling 3.3b 2.6ab 2.6a 7.3a
Air cooling 4.3a 3.1a 2.8a 6.4b
Control 4.1a 3.9a 3.4b 5.8ab
4 Hydrocooling 4.4a 3.8a 4.0ab 6.0a
Air cooling 5.0a 4.6a 4.5¢ 5.3b
Control 4.5b 4.6a 5.0a 5.3a
6 Hydrocooling 5.6a 5.0a S5.1a 4.6a
Air cooling 5.3ab S5.1a 5.4a 4.5a

Y The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.

* Buckwheat sprout samples were treated with dipping into iced water for 1 min or placing at

average temperature of 0°C for 3 h. Control: no treatment after harvest.
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Fig. 19. Changes in flesh weight loss (left) and appearance (right) of buckwheat sprout
during storage at different temperatures for 6 days.
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Fig. 20. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout during storage at different temperatures for 6 days.
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Fig. 21. Changes in Hunter L, a, b values of buckwheat sprout during storage at different
temperatures for 6 days.
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Fig. 22. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout during storage at different temperatures for 6 days.
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Table 10. Changes in sensory characteristics’’ of buckwheat sprout during storage at
different temperatures for 6 days

Stor?faey)t ime Treatment” | Discoloration Wilting Decay Visual quality

5C 3.3a 3.1a 2.6a 7.3a

2 10C 2.7a 2.7a 2.0a 7.7a

20C 3.6a 3.0a 2.4a 6.9a

5C 5.0b 4.5b 4.3b 4.6b

4 10C 4.4b 4.3b 4.0b 5.9a

20C 8.3a 7.6a 8.3a 2.0c

5C 6.8b 6.3b 6.3b 3.6b

6 10C 5.4c¢ 5.5b 5.5b 4.9a

20C 9.0a 8.6a 8.6a 1.1c

Y The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.

* Buckwheat sprout samples were treated with 100 ppm sodium hypochlorite and hydrocooled with

iced water to store at different temperatures for 6 days.
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Fig. 23. Changes in oxygen (left) and carbon dioxide (right) concentrations of buckwheat

sprout packages treated with different packing methods during storage at 5C for 6 days.
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Fig. 24. Changes in flesh weight loss (left) and appearance (right) of buckwheat sprout
treated with different packing methods during storage at 5C for 6 days.
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Fig. 25. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with different packing methods during storage at 5C for 6 days.
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Fig. 26. Changes in Hunter L, a, b values of buckwheat sprout treated with different packing
methods during storage at 5C for 6 days.
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Fig. 27. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout treated with different packing methods during storage at 5C for 6 days.

Table 11. Changes in sensory characteristics” of buckwheat sprout treated with different
packing methods during storage at 5C for 6 days

Stor?(ig;y; tme Treatment” | Discoloration Wilting Decay Visual quality
Control 2.6ab 2.8a 2.1ab 7.0a
Perforated bag 3.0a 2.4ab 2.1ab 6.9a

2 Sealed bag 3.0a 2.8a 2.3a 6.9a
Perforated tray 1.9b 1.8b 1.4b 7.8a
Sealed tray 2.1b 2.1ab 1.6b 7.8a
Control 3.9b 4.0a 2.9¢c 5.6b
Perforated bag 5.3a 4.5a 4.6b 4.0c
4 Sealed bag 4.9ab 4.8a 5.5a 3.8¢c
Perforated tray 4.3ab 2.6b 2.8c 5.9b
Sealed tray 2.0c 2.1b 1.8d 7.4a
Control 5.1b 5.3a 4.8b 4.6b
Perforated bag 7.5a 5.0a 6.3a 2.6d
6 Sealed bag 5.0b 5.4a 6.0a 3.8¢c
Perforated tray 5.5b 4.4a 4.1b 5.0b
Sealed tray 3.1c 3.1b 3.0c 6.9a

" The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.

% Buckwheat sprout samples were treated with 100 ppm sodium hypochlorite and iced water, and then
packed with different packaging materials and methods to store at 5C for 6 days.
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Table 12. Overall heat transfer coefficients for various packing conditions

External temperature Insulating cover he (W/m>K)
o 0.51
31C © 0
X 0.798
(@) 0.546
36T
X 0.803
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Fig. 39. Changes in flesh weight loss (left) and appearance (right) of buckwheat sprout
treated with postharvest processing steps during storage at 5C for 6 days.
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Fig. 40. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with postharvest processing steps during storage at 5C for 6 days.
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Fig. 41. Changes in Hunter L, a, b values of buckwheat sprout treated with postharvest
processing steps during storage at 5C for 6 days.
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Fig. 42. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout treated with postharvest processing steps during storage at 5C for 6 days.
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Table 13. Changes in sensory characteristics’ of buckwheat sprout treated with postharvest
processing steps during storage at 5C for 6 days

Storage time

(day) Treatment” Discoloration Wilting Decay Visual quality
Control 3.0ab 2.6a 2.8a 7.1ab
Chlorine & rinsing 3.4ab 3.3a 2.8a 7.0b
2 Hydrocooling 2.9b 3.0a 2.4a 7.8a
PP tray 3.8a 2.6a 2.9a 7.0b
Corrugated box 3.6ab 3.3a 2.6a 7.1ab
Control 5.0a 4.6ab 4.9a 4.8ab
Chlorine & rinsing 5.5a 5.1a 5.1a 4.3b
4 Hydrocooling 4.6ab 4.0bc 4.0ab 5.5ab
PP tray 4.5ab 3.5¢ 4.1ab 6.0a
Corrugated box 3.5b 3.3c 3.4b 6.3a
Control 5.4a 4.3a 4.6ab 5.1a
Chlorine & rinsing 6.0a 5.4a 5.5ab 4.3a

6 Hydrocooling 5.6a 5.0a 5.8a 5.1a

PP tray 4.9a 4.5a 5.4ab 5.3a

Corrugated box 4.8a 4.6a 4.1b 5.5a

" The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.
* Buckwheat sprout samples were treated with 100 ppm sodium hypochlorite solution, rinsed twice
with tap water and iced water, and then packed with different packaging materials to store at 5C

for 6 days. Control: no treatment after harvest.

Fig. 43. Appearance of corrugated boxes for bulk packaging of buckwheat sprout just after
boxing (left) and after storage of 7 days at 5C (center & right).
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Fig. 44. Schematics of flexible insulating package materials and their cross sectional structures
(patent pending). 10: polymeric film sheet, 15: compartmental space, 20: PCM or coolant.
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HEehd, SEug w52 ARE A8 & A o uy mAAE A
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&46). FF o A4 WY EPAS F BT Al F Fo ABAES

et B A HEAIE Aole] PCMS F]lshe] ofo o3 WFEE 75 T
HAANZ S As Aoz I AZ7F Fesiy, T U2 o2 FHo
=
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Fig. 45. Prototype flexible insulating package materials with an oblong pattern and their
possible applications to a container. Two types of PCMs (SAP & RT-2) used as a
refrigerant.

Fig. 46. Prototype flexible insulating package materials with an embossing pattern and their
possible applications to a container. One type of PCM (SAP) used as a refrigerant.

e o Az AREHA v olE 27HA FHel BuAls AE AakE Aol A
T2 ARgetE de¥(16x21.5 cm, 350 @)t LI TFOoE v o] AlZtstSl
TFAHez Ao §aA4 RuiAE T4 33-35 um, 7] 21x70 cm?] PET/CPP Z &

B 2o Rubitherm® RT-2Z ©F 30 mLA(10 mLE °F 7.54 g) Y3t & A= 31971,
q
[e]

4

A AE Y F A 5L S dol Ef3F sk WA oE HA FRFe] 9F 350 ¢
of ol2%F AZEAT. PCMOZ A polyacrylateS AF8-3F Bzl 7 65-70 pm, =
7] 21x70 cm®] PE ZE%-F 0.1%(w/v) polyacrylate & °F 50 mL2(10 mL-2 °F 10 g)

[}
At 2 WHom AzFAL. FA A Feje] fAY wIAE 24D

al
oA T8 XHAZ &3] ARSI air cell =5 air bubble ZE(21x60 cm)2] 71 cell
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Fig. 47. Temperature profiles of the inside and outside of buckwheat sprout tray treated with
various refrigerants in EPS boxes during storage at simulated temperatures (25-357C).

A7 S 2T 95.140.5%, RT-2 A2 95.120.5%, SAP H 2|7 95.4+0.5%% Thh F713}
= [

= Ao 9o} fFeoldolx] grom A7 Aolwm RS 4= A THFig. 48). 71
A 1P ETFS 2R A9 2.03+0.14%C1 3L, 244 3F A F 2T 2.21+0.31%,
RT-2 A7 2.2140.33%, SAP A&7 2.03+0.2%= Z%7]o] Hl& thi Z718ts d4S =

2.

oty FA| A gke] FoAQl Apol= Bl = AATH(Fig. 48).
W RN EY 27 LA F7] PAE BHEFE 1.7+0.8x10° CFU/go] L o1} 35T o
A 4A17F, 25Tl A 16217F, 30CollA] 4A1%F HFA] Foll= thxTol 4] 1.4+0.2x10° CFU/g,

100 3
mmmm Control C !
= RT-2 Rin;ro
== SAP = B
96 == SAP
L o
=
é?/.2 | T
92
1
88
<
=
2 g
5 84 g0
e : T =X :
g Initial After 24 h 2 Initial After 24 h
- p—
g Sample & Sample
- .

Fig. 48. Changes in moisture (left) and soluble solids contents (right) of buckwheat sprout
treated with various refrigerants in EPS boxes after 24 h storage at simulated temperatures

(25-35C).
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Fig. 49. Changes in mesophilic aerobes (left) and coliforms (right) of buckwheat sprout
treated with various refrigerants in EPS boxes after 24 h storage at simulated temperatures
(25-350).

RT-2 &0l A 22+0.4x107 CFU/g, SAP A2 7-ol4 52+0.7x10° CFU/gZ UrEMJ?iE}
(Fig. 49). &9 A, 7] A8+ 3.840.7x10° CFU/g 5ol o 25-35C2]
Z0lA 2473 FeH IAEE ohg tiERTelA 9.7£0.9x10° CFU/g, RT-2 ﬂﬂ?ow
1.7£0.2x10" CFU/g, SAP A 2] 7-oll A 4.3+0.7x10° CFU/gZ UrE‘ﬂH ) CH(Fig. 49). 234 o =w
T2 27 HY WA B Z27]l vlE] 24A17F A3 5 1 log cycle %= AAT)
S7VatSlar, 1 Fell A SAP Ao mAdE Adgrt FHoE 9GA Sk As &

W R o] A sE A s A0 2 WEkE SHE Ftd AWo] doju=
=7], By RS T3 F@1d & o, s B wAale W w3 ddo] da
=719k e Jhed, 53 g FEe AWdAde o A% wzs A wEska
b wehA] theke FHe RiAR S oE QA e Aaasts F2 He] B2
S dFEete] Griekgich WA 2447 WA F oHE AfRe] EE Ao iz
¢ RT-2 A7+ 45 L gko] SobAaL a gro]l S7kete] Al dojA= As & + 3
RO, SAP Ao A= ohE Aol vlaf L o] oA w2 s FASL b ¢t
7V ol Wi A A S Bl Z A 83 th(Figs. 50 & 51). ol H & A wis)
E AR AgHom et 7] tid] MAE #R1e 2 3K(Table 14), tHE7+
6.0, RT-2 A2l 6.6, SAP Aol 1+ A o

T SR SAP AEgte] e syl A
2 7HF A2 AS & 5 dSH J&—‘s—féﬂOME ol FEol & FAHAAL, WA, A
W, o5 @EelA 27 txTer 2 X

(Table 15).
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Fig. 50. Changes in Hunter L, a, and b values of buckwheat sprout roots treated with
various refrigerants in EPS boxes after 24 h storage at simulated temperatures (25-35C).

After 24 ho
at abused temperature

at abused temperature at abused temperature!

Fig. 51. Appearance of buckwheat sprout packaging treated with various refrigerants in EPS
boxes after 24 h storage at simulated temperatures (25-35C).

Table 14. Total color difference (AE) of roots part of buckwheat sprout treated with various
refrigerants in EPS boxes after 24 h storage at simulated temperatures (25-35C)

Treatment Control RT-2 SAP

AE SAP RYAE 717 =7 £HS
kA Azshel WL AR 2uA Hujg gl 4eu M FAE WLzl

= o

-
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Table 15. Sensory characteristics’ of buckwheat sprout treated with various refrigerants in
EPS boxes after 24 h storage at simulated temperatures (25-35C)

Treatment Discoloration Wilting Gross Off-flavor | Overall quality
Control -+ -+ + ++ ++
RT-2 4+ + +++ ++ ++
SAP ++ + +++ + -+

1 . . . .. .
) As the number of mark increases, the intensity of sensory characteristics increases.

0.1% polyacrylate &S F 55 200 g, 350 g, 500 gol] =3 AP} T2 WhHo= FH]
3 & Ao ARgT obge] WY AMEARe 2d, X, HIARN, 2=5A, F2
W7k SR B AW A9 A SAA

7] 7l eE PR AR £FE7| T3 S0 thE SAP RYAE
At 7 &7 Helie] 2mnsteE SA dakFig 52), 35ColA 423t A=
b ARt AEHE AREF T 27] 15CAlA 20CTR 2571 Zsstaltt ofo ¥
200 g FFC] SAP HYAI= 2417, 350 g T HYAIE 4A17L 500 ¢ TF HUYAE 55
ARE EF &7 2 RE 5T olst= frAlste o]t whep o] AgH HuA 8%
of FF ALRA &IVF AFHE= AS AJAT F AT Y WA olFRE
E= SAP HuAl A gr]e] We 27t AL sdstA 20C ods 3 sslaL, o
F o7l E 30C Aot s Be 23879 vefy %57} A A=A
Foskglom Azt e &7 Welg-e] Aols A R o+ sl

Control
Control(out)
200 g

200 g(out)

350 g

350 g(out)

500 g

500 g(out)

Ex. environment

> O EEJACQ OO

) amjeradwa .

0 4 8 12 16 20 24
Time (hour)
Fig. 52. Temperature profiles of the inside and outside of buckwheat sprout tray treated with

varied amounts of SAP refrigerants in EPS boxes during storage at simulated temperatures
(25-357C).
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Fig. 53. Changes in moisture (left) and soluble solids contents (right) of buckwheat sprout
treated with varied amounts of SAP refrigerants in EPS boxes after 24 h storage at
simulated temperatures (25-357C).

i o] FAWME SHoA FETFS ZU|AEY A 94.6£0.2%0] 4L, 244 7F
A3 T ) ZT 96.0£0.3%, 200 g A2 95.1£0.1%, 350 g A BT 95.0£0.6%, 500 g 7]
T7F 95.040.1%= UrEMM FiAdom gixT A5 FEdEo]l =%l SAP HYA|
A A= A Aol glo] oF 95% TS 418 th(Fig. 53).

A7) WY AAA R 27 F A Al 4.2+1.0x10° CFU/gol et 35T
A 4xzZY, 25Tl A 16417, 30Tl 4A17F Byt Foli= diZxolA 3.7+0.8x10" CFU/g,
200 g SAP B34 Aol A 4.0£1.9x10" CFU/g, 350 g A&7l A4 3.0+0.9x10" CFU/g,
500 g ATl 1.5£1.0x10" CFU/gE YERRATHFig. 54). g9 Aok, %7
1.1£0.2x10° CFU/gel1 ot} 25-35C ] W xHoA 2447F FoF B3l vg, tzT9
A 5.2+0.8x10" CFU/g, 200 g SAP HJA] A 2|70 A 3.8+£1.6x10" CFU/g, 350 g 2]+
A 3.6+0.8x10" CFU/g, 500 g 2] 7oA 1.4+0.2x10" CFU/gS e A th(Fig. 54). 2 37

o7 Wy AqFA R F2A T FETFS B Z7)o] Ha] 25-35C¢ WLz
Ao A 24A17F 3§ oF 1-1.5 log cycle 7t F7FstSlaL, AFE-3F SAP H A9 F ol
55 vAE AT T/ A JERd 500 g A2 Tl A vAE AdTt e A

Foll H18) oF 0.5 log cycle BE W A& FAT F At
Wals A Azt shed gzt Logke]l M Wi a kol
b ol Aol w9 ol A& ok 5 SIelthFigs. 55 & 56). FHE SAP HA A7
G W A e A4S & fASEL, RYA FFl wet

)7}

o} 500 g AT 27 FUE 1Y T FASE
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Fig. 54. Changes in mesophilic aerobes (left) and coliforms (right) of buckwheat sprout
treated with varied amounts of SAP refrigerants in EPS boxes after 24 h storage at
simulated temperatures (25-357C).

70 8
mmmm Control mmm Control 24 mm Control
. 200 g = 200g = 200 g
= 350 g = 350 = 350¢
g — 500 ¢
500 g 6 500 g
60 20
4
16
50 = =
= &2 5
g = =
o (o8
v 12
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Initial After 24 h Initial After 24 h Initial After 24 h
Sample Sample Sample

Fig. 55. Changes in Hunter L, a, b values of buckwheat sprout roots treated with varied
amounts of SAP refrigerants in EPS boxes after 24 h storage at simulated temperatures
(25-357C).

Ao vepgth A@Fstd MA AdN(Table 16)°14 % tlZT 6.5, 200 g A&+ 5.3, 350
g AT 40, 500 g AT 3.7 vERo] B Sl 2o Mgl
7b A2 A FAT AN obee] Ao tAAE SAP BRI At el &
—%%“ ool mlsl dubs oz geo] & %Xlﬂ ol FH7F AA vepen, 1 FellA
%500 g AT HAFETE 7Hg Ao S-FobAl S 7FE ItK(Table 17).
O%éﬁw R e e o R B
SAP H%XHﬂ MAdE Bdge e
2 PIEAh E3 SAP RuAlY FHE
FE71e] HEEE WS SR04 T

NN

2% A
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After 24 hours
at simulated temper:

ature

Fig. 56. Appearance of buckwheat sprout packaging treated with varied amounts of SAP
refrigerants in EPS boxes after 24 h storage at simulated temperatures (25-357C).

Table 16. Total color difference (AE) of buckwheat sprout roots treated with varied amounts
of SAP refrigerants in EPS boxes after 24 h storage at simulated temperatures (25-35C)

Treatment

Control

200 g

350 g

500 g

AE

6.5

53

4.0

3.7

Table 17. Sensory characteristics” of buckwheat sprout treated with varied amounts of SAP
refrigerants in EPS boxes after 24 h storage at simulated temperatures (25-35C)

Treatment Discoloration Wilting Gross Off-flavor | Overall quality
Control +++++ ++++ + ++ +
200 g +++ + +++ - +++
350 g +++ + +++ - +++
500 g ++ + +++ - 4+
" As the number of mark increases, the intensity of sensory characteristics increases.
TASERAT. 58] SAP WA= AAlz AN AREShE dRE deHd A3 T
#Fel PCMS AREstEetE, A8FHE Delste] T487] AAS EelEomA AR
Ee 2 FA FA6 mAHolehe A sashginh
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C
SAP, RT-2) %ol we} yHrer 5CE AFdoz &% profiles =743 Uh(Figs.
57-59). A9l wix]= MPAS A9 AA-E7]e] Aol 1Akl al, SAPY RT-29] 7
% ° 2 SAPE 3 ¥, RT-2& + ¥ @2 H

— Internal temperaure with MPA
Ambient temperature

—— Internal temperaure W/O PCM
Ambient temperature

) ainjesadwa ]
o

) aunjesadwa ]
(9]

0 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr)

(d)

~
o
~

~ o

) )

3 3

B K

3 5 — Internal temperaure with PPA o — Internal temperaure with RT2

c Ambient temperature c Ambient temperature

@ 3

0 T T T T 0 T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr)

Fig. 57. Internal temperature profiles of EPS boxes stored at 25°C without a refrigerant (a)
and with MPA (b), SAP (c), and RT-2 (d).

_80_



(a) (b)

@10 2104
3 3
° °
o —— Internal temperaure W/O PCM o} i
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Fig. 58. Internal temperature profiles of EPS boxes stored at 30°C without a refrigerant (a)
and with MPA (b), SAP (c), and RT-2 (d).
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Table 18. Effect of refrigerants

on internal temperature profiles under 25C, 30°C and 35C

External Refrigerant AT (C) Time (hr) Time: (hr) Temp. ()
temperature tvpe at t=5hr at AT=15C at phase change at {=t
(C) yp finished (=tycr) pef
W/O 15.5 4.6 : 239
55 MPA 3.1 12.9 8 12.5
SAP -3.6 15.5 7.1 33
RT-2 0.3 12.3 4.9 6.7
W/O 19.8 2.9 : 27.8
30 MPA 5.7 93 6.8 14.2
SAP -2.5 11.5 6.1 4.2
RT-2 3.05 8.9 4 6.6
W/O 239 2.1 31.6
35 MPA 9 7.5 6.2 16.2
SAP 0.77 93 5 5.1
RT-2 5.7 7.2 2.9 23
(a) (b)
30 35
% 301 ,,
0 25 4 ,,/’/
p pes
C15 o [/
15 4 /(
10 4 4
10 1
o 54 / Temp. of MAP ~ ! —— Temp. of MPA
3 (faced to EPS box) 3 54 / (faced to EPS box)
B ——— Temp. of MPA 3 = ——~- Temp. of MAP
§ 04, (face_d with vessel) i o (face_d with vessel)
£ Ambient temp. g€ Ambient temperature
s ‘ ; ; ; T : : : :
0 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr)
(c)
40
ol
:; 20
10 q
= o —— Temp. of MPA
g - - (faced to EPS box)
S 01 T .(l;:g]e% \:/EthMC:ssel)
g— Ambient temperature
1-10 T T T T
0 5 10 15 20 25
Time (hr)

Fig. 60. Temperature profiles of MPA packages under 25°C (a), 30C (b) and 35C (c).
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Fig. 62. Temperature profiles of RT-2 packages under 25°C (a), 30°C (b) and 35C (c).
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Fig. 63. Temperature profiles of internal side and MPA surface when MPA is placed over
the tray (a), under the tray (b), and at both sides of the tray vertically (c).
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Max: 26,167
26

24

Min: 15.148

Fig. 65. Simulation of temperature distribution in the EPS box at 25°C with different time
courses of 0 hr (a), 1 hr (b), 3 hr (¢), 5 hr (d), 10 hr (e), 20 hr (f). Initial load of 1.4 L

water at 15C.
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Min: 14713

Fig. 66. Simulation of temperature distribution in the EPS box at 30°C with different time

courses of 0 hr (a), 1 hr (b), 3 hr (c), 5 hr (d), 10 hr (e), 20 hr (f). Initial load of 1.4 L

water at 15C.
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Fig. 67. Simulation of temperature distribution in the EPS box at 35C with different time
courses of 0 hr (a), 1 hr (b), 3 hr (c), 5 hr (d), 10 hr (e), 20 hr (f). Initial load of 1.4 L

water at 15C.
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Fig. 68. Comparison of experimental and simulated temperature profiles for the packages
containing water (1.4 L, 15°C) under 25C (a), 30C (b) and 35C (c).
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Fig. 69. Simulation of temperature distribution in the EPS box at 25°C with different time

courses of 0 hr (a), 1 hr (b), 2 hr (c), 3 hr (d), 5 hr (e), 10 hr (f). Initial load of 500 mL

water at 15C.
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Fig. 70. Simulation of temperature distribution in the EPS box at 30°C with different time
water at 15C.
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Fig. 71. Simulation of temperature distribution in the EPS box at 35°C with different time
courses of 0 hr (a), 1 hr (b), 2 hr (¢), 3 hr (d), 5 hr (¢), 10 hr (f). Initial load of 500 mL
water at 15C.
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Fig. 73. Internal temperature profiles of the EPS box under fluctuating temperature condition.
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Fig. 74. Comparison of experimental and simulated temperature profiles under a fluctuating
temperature condition as a step function.
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Fig. 76. Changes in moisture (left) and soluble solids contents (right) of buckwheat sprout
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treated with a typical block refrigerant and flexible SAP in EPS boxes after 24 h

transportation and delivery at ambient temperature.
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Fig. 77. Changes in mesophilic aerobes (left) and coliforms (right) of buckwheat sprout
treated with a typical block refrigerant and flexible SAP in EPS boxes after 24 h
transportation and delivery at ambient temperature.
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Fig. 78. Changes in Hunter L, a, b values of buckwheat sprout stems treated with a typical
block refrigerant and flexible SAP in EPS boxes after 24 h transportation and delivery at
ambient temperature.
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Table 19. Total color difference (AE) of buckwheat sprout stems treated with a typical
block refrigerant and flexible SAP in EPS boxes after 24 h transportation and delivery at
ambient temperature

Treatment Control SAP

AE 43 2.9

Table 20. Sensory characteristics” of buckwheat sprout treated with a typical block
refrigerant and flexible SAP in EPS boxes after 24 h transportation and delivery at ambient

temperature

Treatment Discoloration Wilting Gross Off-flavor | Overall quality
Control ++ + ++ - +++
SAP ++ + ++ - +++

1 . . . .. .
) As the number of mark increases, the intensity of sensory characteristics increases.

3)

Fig. 79. Packaging steps of buckwheat sprout treated with a typical block refrigerant (left)
and flexible SAP (right) in EPS boxes for the feasibility test of consumer distribution, and
appearance of buckwheat sprout after 24 h delivery. Work flowchart: (1) tray sealing with lid
film, (2) wrapping with aluminum barrier, (3-4) packing in EPS boxes, (5-6) after delivery.

1T oldE £4% & Aok oY A ARAL FAAA FAAAE Foe)
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el e ddRle] g nhE il A% sAsht, TR )7ewt s
719 wmste] F3) A L Ao fele] elrkn e
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Fig. 80. Respiration rate (left) and respiratory quotient (right) of buckwheat sprout as affected
by various modified atmosphere conditions at 5C. MAP1: 20% O, + 80% N,, MAP2: 40%
O, + 60% N>, MAP3: 60% O, + 40% N, MAP4: 80% O, + 20% Na.
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Fig. 81. Changes in oxygen (left) and carbon dioxide (right) concentrations of buckwheat
sprout packages treated with various modified atmosphere conditions during storage at 5C
for 4 days. MAP1: 20% O, + 80% N, MAP2: 40% O, + 60% N>, MAP3: 60% O, + 40%
N, MAP4: 80% O, + 20% Na.
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Fig. 82. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with various MA packaging conditions during storage at 5C for 4 days.
Control: perforated tray, MAP1: 20% O, + 80% N,, MAP2: 40% O, + 60% N,, MAP3:
60% O, + 40% N, MAP4: 80% O, + 20% N,.

Z 1.78+0.12°Brix, 20% O, # 2] 1.87+0.15°Brix, 40% *]2]7 1.92+0.12°Brix, 60% =&
T~ 1.95+0.20°Brix, 80% *2]7-7} 1.80+0.14°Brix®= A #]® A4 s Auglo] %7
e A agE fA] k3 th(Fig. 82).
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Fig. 83. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout treated with various MA packaging conditions during storage at 5C for 4 days.
Control: perforated tray, MAP1: 20% O, + 80% N, MAP2: 40% O, + 60% N,, MAP3:
60% O, + 40% N,, MAP4: 80% O> + 20% No.
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Fig. 85. Changes in total color difference (AE) of buckwheat sprout (root: left, stem: center,
and head: right) treated with various MA packaging conditions during storage at 5C for 4
days. Control: perforated tray, MAP1: 20% O, + 80% N,, MAP2: 40% O, + 60% N,
MAP3: 60% O, + 40% N, MAP4: 80% O, + 20% Na.

Table 21. Changes in sensory characteristics” of buckwheat sprout treated with various MA
packaging conditions during storage at 5C for 4 days

Storage time Treatment®” Discoloration Wilting Decay Over.all
(day) head stem root quality
Control 5.3a 4.4b 4.9b 4.4ab 2.8a 5.3ab
MAPI1 4.2a 4.0b 4.9b 3.9b 2.7a 6.0a
2 MAP2 4.5a 4.3b 5.7ab 3.9b 2.9a 5.3ab
MAP3 4.9a 5.5a 6.5a 5.2a 3.7a 4.6b
MAP4 4.7a 4.3b 5.9ab 4.9ab 3.5a 5.0ab
Control 6.8a 6.6a 6.9a 5.4a 3.4a 3.5b
MAPI 4.7b 4.4d 5.6bc 5.1a 3.1a 4.9a
4 MAP2 4.9b 4.8cd S5.4c 5.3a 3.0a 4.6a
MAP3 5.1b 5.4bc 6.6ab 5.4a 3.2a 3.5b
MAP4 5.4b 5.7b 6.8a 5.4a 3.4a 3.4b

" The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.

? Control: perforated tray, MAP1: 20% O, + 80% N, MAP2: 40% O, + 60% Na, MAP3: 60% O, +
40% N, MAP4: 80% O, + 20% Na.
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Fig. 86. Appearance of buckwheat sprout treated with various MA packaging conditions
during storage at 5C for 4 days. Control: perforated tray, MAP1: 20% O, + 80% N,
MAP2: 40% O, + 60% N,, MAP3: 60% O, + 40% N,, MAP4: 80% O, + 20% No.
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Fig. 87. Respiration rate (left) and respiratory quotient (right) of buckwheat sprout as affected
by various MA conditions at 5C. MAP1: 20% O, + 80% N, MAP2: 20% O, + 15% CO;
+ 65% Nz, MAP3: 60% O, + 40% N,, MAP4: 60% O, + 15% CO, + 25% N..
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Fig. 88. Changes in oxygen (left) and carbon dioxide (right) concentrations of buckwheat
sprout packages treated with various MA conditions during storage at 5C for 4 days.
MAPIL: 20% O + 80% N, MAP2: 20% O, + 15% CO; + 65% N,, MAP3: 60% O, +
40% Nz, MAP4: 60% O, + 15% CO, + 25% Na.
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Fig. 89. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with various MA packaging conditions during storage at 5C for 4 days.
Control: perforated tray, MAP1: 20% O, + 80% N,, MAP2: 20% O, + 15% CO, + 65%
N2, MAP3: 60% O, + 40% N,, MAP4: 60% O, + 15% CO; + 25% Na.
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Fig. 90. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout treated with various MA packaging conditions during storage at 5°C for 4 days.
Control: perforated tray, MAP1: 20% O, + 80% N,, MAP2: 20% O, + 15% CO, + 65%
N2, MAP3: 60% O, + 40% N,, MAP4: 60% O, + 15% CO; + 25% Na.

A tH(Fig. 89).
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Fig. 91. Changes in Hunter L, a, and b values of buckwheat sprout (root: upper, stem:
middle, and head: lower) treated with various MA packaging conditions during storage at
5C for 4 days. Control: perforated tray, MAP1: 20% O, + 80% N,, MAP2: 20% O, +
15% CO; + 65% N,, MAP3: 60% O, + 40% N,, MAP4: 60% O, + 15% CO, + 25% No.
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Fig. 92. Changes in total color difference (AE) of buckwheat sprout (root: left, stem: center,
and head: right) treated with various MA packaging conditions during storage at 5C for 4
days. Control: perforated tray, MAP1: 20% O, + 80% N,, MAP2: 20% O, + 15% CO;, +
65% N, MAP3: 60% O, + 40% N, MAP4: 60% O, + 15% CO, + 25% N,.

g HEo] M= 6.84, 6.35, 437, 439, 48024 EE H oA 60% O, + 40% N,
4k A el AAE gro]l 7HE 2 AS ER1E ¢ QdSlth A3 o2 MAP HH X
e o A4S AT 7 gAA T, dut T

ol
I Ao 93k EZ7]9F Bt B 2w A
o] mls) Wst m=7F A ATk(Fig. 93). AHx=d =
AEETE oAbt A frfell #AIGle] HWE ARl o frA
Atk EZE A ejuH It = WAL AEI B R v H5EE 2 20%
02 + 80% N2t 20% O, + 15% CO, + 65% N, A7} Jjd o=
L(Table 22), 9875 /&S v 24ba Aol A o] FH7F B H A FRA T aLo]
APstER A A g Trel A= o7 B EE EAlH ] 9
ARHOT JAA9 oibgletAe] EFAHTE 60% ©]8te] aikh wE Aol A
e g AR FAfA o &dAolglon, olg AIE
80% N, 40% Oz + 60% N, 60% O + 40% N5 AW A= <hxdd BH7F 8¢ 2 2%
s TR A4 MAP Ao &3t

9 TF5d MAP Ao W& AMFALY 75 T VAT FHAAS bkt 459
WA v|AE(E coli O157:H7, S. Typhimurium, S. aureus, L. monocytogenes)©| V2] 5%
o AHAAIEE F71Y] 20% 02 + 80% Na, 40% O, + 60% Na 60% O + 40% N,
60% O, + 15% CO, + 25% Noo| 7|AZ o0& W57 Eetar, sTeA 443F A3t
AA EFE7] W VAR AAA RS w4, ASE Hdwe] AurE SAHA
th WA wE AR A8 A AR QAALE TN FUT VFOR 4.1-4.9x10°
CFU/g F5oled, nAdE gdFHE 27 HFES theF 7.7x10-3.2x10° CFU/gZ #+<
SHAl 2= 3} 3 tH(Fig. 94).
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Fig. 93. Appearance of buckwheat sprout treated with various MA packaging conditions
during storage at 5C for 4 days. Control: perforated tray, MAP1: 20% O, + 80% Na,

MAP2: 20% O, + 15% CO; + 65% N,, MAP3: 60% O, + 40% N,, MAP4: 60% O, +
15% CO, + 25% No,.
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Table 22. Changes in sensory characteristics” of buckwheat sprout treated with various MA
packaging conditions during storage at 5C for 4 days

Storage time Treatment” Discoloration Wilting Decay Over.all
(day) head stem root quality

Control 5.8a 5.4a 6.5a 4.8a 3.6a 3.9b

MAPI1 4.5a 4.6a 5.2a 3.8a 2.9a 5.3a
2 MAP2 4.8a 4.4a 5.4a 4.2a 3.1a 4.8ab
MAP3 5.2a 5.0a 6.6a 5.0a 3.3a 5.1ab
MAP4 4.9a 4.6a 6.4a 4.8a 3.6a 5.1ab

Control 7.8a 7.1a 7.6a 5.9a 3.7a 2.5b

MAPI 5.7b 5.0c 6.3b 4.9a 3.3a 4.5a

4 MAP2 6.1b 5.3c 6.2b 5.5a 3.2a 4.1a
MAP3 6.0b 5.9bc 7.2ab 5.6a 3.5a 3.3ab

MAP4 5.8b 6.7ab 7.8a 6.2a 4.2a 2.7b

" The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.

% Control: perforated tray, MAP1: 20% O, + 80% Na, MAP2: 20% O, + 15% CO, + 65% N,
MAP3: 60% O, + 40% N,, MAP4: 60% O, + 15% CO, + 25% N.
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Fig. 94. Initial viable cell counts of respective pathogen bacteria inoculated on buckwheat
sprout prior to various MA packaging treatments.

MAP 321879 A% T WH7IA 24Wsts deEd, A Re] s52go=
el 20% Ox + 80% Ny, 40% O, + 60% Na 60% Ox + 40% N, 60% O, + 15% CO, +
25% N, A8 7] 0, ¥ 495 77 3%, 16%, 38%, 43% TEo= s
CO, ST 16%, 17%, 19%, 24% o= S7FeFAth(Fig. 95). ©lx= Al A2t
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Fig. 95. Changes in gas composition (oxygen: left and carbon dioxide: right) within the MA
packages of buckwheat sprout inoculated with pathogen bacteria during storage at 5Cfor 4
days. MAP1: 20% O, + 80% N, MAP2: 40% O, + 60% N,, MAP3: 60% O, + 40% N,
MAP4: 60% O, + 15% CO; + 25% Na.
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Fig. 96. Effect of MA packaging treatments on pathogen bacteria inoculated on buckwheat
sprout after storage of 2 days (left) and 4 days (right) at 5°C. Control: perforated tray,
MAPIL: 20% O, + 80% N, MAP2: 40% O, + 60% N,, MAP3: 60% O, + 40% N,, MAP4:
60% O, + 15% CO,; + 25% No.
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o] 7% 7] 3.241.4x10° CFU/gel A#57F 49 59 MAP E4A 2 77ke] Ao] glo]
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Fig. 97. Changes in viable cell counts of E. coli O157:H7 (left) and S. Typhimurium (right)

of buckwheat sprout treated with various MA packaging conditions during storage at 5C for

4 days. Control: perforated tray, MAP1: 20% O, + 80% N, MAP2: 40% O, + 60% No,

MAP3: 60% O, + 40% N,, MAP4: 60% O, + 15% CO, + 25% No.
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Fig. 98. Changes in viable cell counts of S. aureus cell count (left) and L. monocytogenes
(right) of buckwheat sprout treated with various MA packaging conditions during storage at
5C for 4 days. Control: perforated tray, MAP1: 20% O, + 80% N, MAP2: 40% O, +
60% N, MAP3: 60% O, + 40% N,, MAP4: 60% O, + 15% CO> + 25% No.
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J45.1x10° CFU/goll Al 493 1.0-3.3x10° CFU/g %202 thAh F7}89 UhFig. 98).
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e 8715 frdAd SAP RAlek FA EPS @Al e vhE AE] wEE vt
4 Fat 25C Wiele] o Aol of s ot BystuA xgguel 2k W)
2o A o] FEWELE 553l thFig. 99).
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Fig. 99. Packing flowchart of buckwheat sprout treated with various MA packaging
conditions and refrigerants (a typical block refrigerant: left & center, and flexible SAP:
right) in EPS boxes for storage at ambient temperature for 19 h.
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Fig. 100. Temperature profiles of the outside of buckwheat sprout tray treated with various
MA packaging conditions and refrigerants in EPS boxes during storage at ambient
temperature for 19 h. Controll: perforated tray with an ice pack (a typical block refrigerant)
and insulation bag (aluminum barrier), Control2: perforated tray with an ice pack, MAPI:
20% Oz + 80% N> with SAP, MAP2: 40% O, + 60% N> with SAP, MAP3: 60% O, +
40% N, with SAP, MAP4: 60% O, + 15% CO, + 25% N, with SAP.
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Fig. 101. Respiration rate (left) and respiratory quotient (right) of buckwheat sprout as
affected by various MA conditions at 5C. MAP1: 20% O, + 80% N, MAP2: 40% O, +
60% N, MAP3: 60% O, + 40% N, MAP4: 60% O, + 15% CO; + 25% N,.
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Fig. 102. Changes in oxygen (left) and carbon dioxide (right) concentrations of buckwheat
sprout packages treated with various MA conditions and refrigerants before and after storage
at ambient temperature for 19 h. MAP1: 20% O, + 80% N, with SAP, MAP2: 40% O, +
60% N> with SAP, MAP3: 60% O, + 40% N, with SAP, MAP4: 60% O, + 15% CO, +
25% N, with SAP.
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Fig. 103. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with various MA packaging conditions and refrigerants before and after storage
at ambient temperature for 19 h. Controll: perforated tray with an ice pack and insulation
bag, Control2: perforated tray with an ice pack, MAP1: 20% O, + 80% N, with SAP,
MAP2: 40% O, + 60% N, with SAP, MAP3: 60% O, + 40% N, with SAP, MAP4: 60%
0, + 15% CO; + 25% N, with SAP.
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15% CO, A8 T5 96.99+0.13%= 2] 7-7+e] =Fo] Qlo] 7] @S A& fAet=
BFSs HERAATK(Fig 103). ©l= AR 248719 710l 713 Aoz gLl
Mo S5 Sk 98] AgE o] A QFE wiEHA &) witdd EE AR
b agE el ]l HEE & g v 53 b B EIR MAP X0 A
19417 A3 & T3S AEsiS Wl &7 diol S49 FEo 2 Qs A= ¢

e w7 A Sl f‘&?ﬂ w8 A0 7 YT 27

ol gl 4 T e 1‘411? 1.15£0.17°Brix, 20% O, *12] 7 1.28+0.19°Brix, 40% O, #| ]
T- 1.23+0.21°Brix, 60% O, &7 1.28+0.21°Brix, 60% O, + 15% CO, &7 2]
Al 1.28+0.12°Brix = & SkAl Fadts Aol oy ERA YA Fol 4 Apol= yE
=] 2F A TH(Fig. 103).

W Afge]l FL TI)A mAE AEaE 27] 3.7422x10° CFU/goI oY, HiEex
25Coll A 19A17e] A sk & vk g Ax g =T 3.3+1.9x10" CFU/g, F-A 2 =+
4.141.9x10" CFU/g, 20% O, A&7 1.9+1.5x10" CFU/g, 40% O, &7 2.7+2.5x10" CFU/g,
60% O, 27+ 1.9£1.0x10" CFU/g, 60% O, + 15% CO, A2 7-o14 1.8+2.0x10" CFU/gS
YR 21 tH(Fig. 104). o] 27) 272 Aw7E 2719 vl 9F 1 log cycle =713F3 2
L, MAP A28 A oo mAA] Kato]l MAP X749 114bAe) o] Abstekas
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Fig. 104. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout treated with various MA packaging conditions and refrigerants before and after storage
at ambient temperature for 19 h. Controll: perforated tray with an ice pack and insulation
bag, Control2: perforated tray with an ice pack, MAP1: 20% O, + 80% N, with SAP,
MAP2: 40% O, + 60% N, with SAP, MAP3: 60% O, + 40% N, with SAP, MAP4: 60%
0, + 15% CO,; + 25% N, with SAP.
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Fig. 105. Changes in Hunter L, a, and b values of buckwheat sprout (root: upper, stem:
middle, and head: lower) treated with various MA packaging conditions and refrigerants
before and after storage at ambient temperature for 19 h. Controll: perforated tray with an
ice pack and insulation bag, Control2: perforated tray with an ice pack, MAP1: 20% O, +
80% N, with SAP, MAP2: 40% O, + 60% N, with SAP, MAP3: 60% O, + 40% N, with
SAP, MAP4: 60% O, + 15% CO, + 25% N, with SAP.
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Fig. 106. Changes in total color difference (AAE) of buckwheat sprout (root: left, stem:

center, and head: right) treated with various MA packaging conditions and refrigerants before
and after storage at ambient temperature for 19 h. Controll: perforated tray with an ice pack
and insulation bag, Control2: perforated tray with an ice pack, MAPI: 20% O, + 80% N,
with SAP, MAP2: 40% O, + 60% N, with SAP, MAP3: 60% O, + 40% N, with SAP,
MAP4: 60% O, + 15% CO, + 25% N, with SAP.
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Fig. 107. Appearance of buckwheat sprout treated with various MA packaging conditions and
refrigerants in EPS boxes after storage at ambient temperature for 19 h. Controll: perforated
tray with an ice pack and insulation bag, Control2: perforated tray with an ice pack, MAPI:
20% Oz + 80% N> with SAP, MAP2: 40% O, + 60% N, with SAP, MAP3: 60% O, +
40% N, with SAP, MAP4: 60% O, + 15% CO, + 25% N, with SAP.
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Overall
quality
4.8a
4.1a
4.6a
4.4a
4.1a
4.2a

Decay
3.4a
3.2a
3.4a
3.2a
3.5a
3.5a

Wilting
4.9a
4.7a
5.1a
5.0a
4.8a
6.1a

root
6.6a
7.0a
6.2ab
6.9a
5.9ab
5.4b

Discoloration
stem
6.4a
4.4b
5.1ab
5.8ab
5.6ab
5.3ab
Y The values are means of eight replicates at least. Means followed by the same letter within cells

head
4.0c
7.8a
6.3b
6.4b
6.7b
4.9c¢

2)

MAPI1
MAP2
MAP3
MAP4

pack, MAP1: 20% O, + 80% N, with SAP, MAP2: 40% O, + 60% N, with SAP, MAP3: 60% O,

are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
+ 40% N, with SAP, MAP4: 60% O; + 15% CO2 + 25% N, with SAP.

intensity of sensory characteristics increases.

Controll

Table 23. Changes in sensory characteristics” of buckwheat sprout treated with various MA
Control2

packaging conditions and refrigerants after storage at ambient temperature for 19 h

? Controll: perforated tray with an ice pack and insulation bag, Control2: perforated tray with an ice
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T5 T 7158 XA HEed e F2WsE B sta 9557 St 954
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A& o] 2% profiles =74 35F% Uh(Figs. 108-110). o ul] AF&3 FHuxjo &
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th BE ALz MPAE W37l 2557714 SAPY YZWHETHE 547k, RT-2
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Fig. 108. Temperature profiles of sprouts under 25°C (a), 30°C (b), 35°C (c), and 40°C (d)
with MPA.
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Fig. 109. Temperature profiles of sprouts under 20°C (a), 25°C (b), 30°C (c), 35°C (d), and

40°C (e) with SAP.
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Fig. 110. Temperature profiles of sprouts under 20°C (a), 25°C (b), 30°C (c), 35°C (d), and
40°C (e) with RT-2.
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Table 24. Phase change finished times(t,f) of refrigerant under constant temperatures

Refrigerant Ambient Initial Upper side - Bottom side -
e | e e Co | s RO | TeRSY
25.02 9.07 10.000 8.72 - -
MPA 2991 7.60 8.33 8.81 - -
34.87 5.24 7.33 10.06 - -
41.63 2.41 7.47 13.21 - -
20.96 4.27 5.85 3.04 11.28 10.38
26.02 5.86 4.27 3.70 9.13 12.50
SAP 31.31 7.63 2.98 5.20 5.82 12.70
36.43 6.08 2.83 4.20 5.60 12.30
41.71 4.57 2.85 5.30 5.28 13.90
20.96 3.84 4.07 5.46 10.07 12.93
26.02 7.97 2.80 6.80 7.20 15.40
RT-2 31.31 7.23 1.80 7.00 5.15 15.20
36.43 5.91 1.57 6.88 4.62 16.75
41.71 2.25 1.55 5.00 4.32 16.84
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Fig. 114. Measured and predicted temperature profiles of sprouts under 25°C (a), 30°C (b),
35°C (c), and 40°C (d) with MPA.
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Fig. 115. Measured and predicted temperature profiles of sprouts under 20°C (a), 25°C (b),
30°C (c), 35°C (d), and 40°C (e) with SAP.
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Fig. 117. Measured and predicted temperature profiles of sprouts under sine type temperature
fluctuation with SAP (a), and RT-2 (b).
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and 40°C with MPA (a)-(b), SAP (c)-(d), and RT-2 (e)-(f).
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Table 25. Parameters of models for tio, tis and ty

Refrigerant Linear / Exponential decay Arrhenius type
type a b c R’ a b R’
tio| 100.3411  -0.3008 - 0.9877 -9.4950 35429987  0.9904
MPA tis| 91.1854  -0.2653 - 0.9650 -5.9343  2515.0699  0.9849
tyo | 119.5737  -0.3537 - 0.9481 -7.0996  2912.1226  0.9732

tio 2.0743  25.5623 -278.8682 0.9676 | -11.5797  4077.9470  0.8555
SAP tis 1.8758 44.8862 -272.0840 0.9835 | -11.9200  4263.9478  0.9254
t20 2.6401 34.1270 -277.1139 0.9947 | -13.3127  4757.2252  0.9298
tio 1.7887 11.8115 -285.7416 0.9964 | -12.5204 42189628  0.8571
RT-2 tis 1.9340 22.2122 -281.6928 0.9988 | -14.0564 48123055 0.9162
t20 2.0730  30.3075 -279.2346 0.9996 | -14.8812  5151.7736  0.9382

A9 A 12)-U5NA 110 (or 15, 20 = F°] 10°C(or 15°C, 20°C)°] =&3atE=d Z2& A7H
(hr), T. = &5 2E=(0O)E gttt o] dF5EYP =9 A5+ Table 259 HERHAT. ©]

AER PG ol g3 Qoo JerANA ARAz] FE AL A A

o>
ek

Mexdd A #% bsAz dEnde 1%

(Fig. 113)21 49 to, t1s D S 2 (149 (15 ©]

%3 Blnske] Table 2601 YERNSITE RT-2E A &39S W] tyS Al
o)

A Zpoly= A7 9lo error(%)® E-E 10%E @A Rtk o] A
Q.

Table 26. Measured and predicted values for tj, t;s and ty under sine type temperature
fluctuation

Refrigerant type tio (hr) | Error (%) | tis (hr) | Error (%) | tx (hr) | Error (%)
Measured 6.317 - 8.000 - 10.800 -
SAP | Equation (14) 6.589 -4.3 8.865 -10.8 11.028 2.1
Equation (15) 6.715 -6.3 8.824 -10.3 11.201 -3.7
Measured 4.550 - 5.983 - 7.333 -
RT-2 | Equation (14) 3.882 14.7 6.116 -2.2 8.351 -13.9
Equation (15) 4.182 8.1 6.393 -6.9 8.602 -17.3
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Fig. 119. Packaging steps of buckwheat sprout treated with the selected MA conditions and

flexible SAP refrigerant in EPS boxes for the feasibility test of consumer distribution. Work
flowchart: weighing, gas flushing and tray sealing in automatic MAP machine, wrapping in

aluminum barrier envelope with refrigerants, packing in EPS boxes and sealing, delivering.
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Fig. 120. Packing flowchart of buckwheat sprout treated with the selected MA packaging

conditions and refrigerants

(a typical block refrigerant: left and flexible SAP: right) in EPS

boxes for transportation and delivery at ambient temperature.
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Fig. 121. Temperature profiles of the outside of buckwheat sprout tray treated with the
selected MA packaging conditions and refrigerants in EPS boxes during transportation and
delivery at ambient temperature in October 2009. Control: perforated tray with an ice pack
and insulation bag, MAPI: 40% O, + 60% N, with SAP and insulation bag, MAP2: 60%
O, + 40% N, with SAP and insulation bag.
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Fig. 122. Changes in oxygen (left) and carbon dioxide (right) concentrations of buckwheat
sprout packages treated with the selected MA packaging conditions and refrigerants in EPS
boxes after transportation and delivery at ambient temperature for 21 h. MAPI1: 40% O, +
60% N, MAP2: 60% O, + 40% No.
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2 Z7}3t9 thFig. 124). a9 A$-ol% %7] 3.7+1.0x10° CFU/go| Aot A2 f%
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Fig. 123. Changes in moisture content (left) and soluble solids content (right) of buckwheat
sprout treated with the selected MA packaging conditions and refrigerants in EPS boxes after
transportation and delivery at ambient temperature for 21 h. Control: perforated tray with an
ice pack and insulation bag, MAP1: 40% O, + 60% N> with SAP and insulation bag,
MAP2: 60% O, + 40% N, with SAP and insulation bag.
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Fig. 124. Changes in mesophilic aerobes (left) and coliform bacteria (right) of buckwheat
sprout treated with the selected MA packaging conditions and refrigerants in EPS boxes after
transportation and delivery at ambient temperature for 21 h. Control: perforated tray with an
ice pack and insulation bag, MAP1: 40% O, + 60% N, with SAP and insulation bag,
MAP2: 60% O, + 40% N, with SAP and insulation bag.
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Fig. 125. Changes in Hunter L, a, and b values of buckwheat sprout (root: upper, stem:
middle, and head: lower) treated with the selected MA packaging conditions and refrigerants
in EPS boxes after transportation and delivery at ambient temperature for 21 h. Control:
perforated tray with an ice pack and insulation bag, MAP1: 40% O, + 60% N, with SAP
and insulation bag, MAP2: 60% O, + 40% N, with SAP and insulation bag.
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Fig. 126. Changes in total color difference (2AE) of buckwheat sprout (root: left, stem:
center, and head: right) treated with the selected MA packaging conditions and refrigerants in
EPS boxes after transportation and delivery at ambient temperature for 21 h. Control:
perforated tray with an ice pack and insulation bag, MAP1: 40% O, + 60% N, with SAP
and insulation bag, MAP2: 60% O, + 40% N, with SAP and insulation bag.

Table 27. Changes in sensory characteristics” of buckwheat sprout treated with the selected
MA packaging conditions and refrigerants in EPS boxes after transportation and delivery at
ambient temperature for 21 h

Discoloration
Treatment” Wilting Decay Over.all
head stem root quality
Control 6.0a 6.3a 6.5a 6.0a 3.2a 3.5b
MAP 1 4.3b 3.8b 5.3ab 3.5b 2.3a 6.2a
MAP 2 4.7b 4.5b 4.0b 3.7b 2.2a 6.0a

" The values are means of eight replicates at least. Means followed by the same letter within cells
are not significantly different (p<0.05, Duncan's test). As the value increases from 1 to 9, the
intensity of sensory characteristics increases.

? Control : Perforated PP tray + ice pack + insulated bag, MAP 1 : 40% O, + 0% CO, + 60% N
+ SAP + insulated bag, MAP 2 : 70% O, + 0% CO, + 30% N, + SAP + insulated bag

Fig. 127. Appearance of buckwheat sprout treated with the selected MA packaging conditions
and refrigerants in EPS boxes after transportation and delivery at ambient temperature for 21
h. Control: perforated tray with an ice pack and insulation bag, MAP1: 40% O, + 60% N
with SAP and insulation bag, MAP2: 60% O, + 40% N, with SAP and insulation bag.
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Food Safety Related Web Sites in US Govemment (http://www.foodsafety.gov/)

FDA(Food and Drug Administration)

PFSE(Partnership for Food Safety Education)

CFSAN(Center for Food Safety and Applied Nutrition)

CDC(Centers for Disease Control and Prevention)

USDA(United States Department of Agriculture)

Guidance for Industry: Reducing Microbial Food Safety Hazards For Sprouted Seeds (FDA)

Guidance for Industry:
Vegetables (FDA)

Guide to Minimize Microbial Food Safety Hazards of Fresh-cut Fruits and

Microbiological Safety Evaluations and Recommendations on Sprouted Seed (FDA)

Produce Safety: Safe Handling of Raw Produce and Fresh-Squeezed Fruit and Vegetable Juices

(FDA)
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GUIDANCE™
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- Guidance for Industry: Reducing Microbial Food Safety Hazards For Sprouted Seeds

October 27, 1999

GUIDANCE"

All parties involved in the production of sprouts - seed producers, seed conditioners, and
distributors, and sprout producers - should be aware that seeds and sprouted seeds have been
recognized as an important cause of foodborne illness. The following recommendations identify
the preventive controls that the Food and Drug Administration (FDA) believes should be
taken immediately to reduce the risk of raw sprouts serving as a vehicle for foodborne illness
and ensure sprouts are not adulterated under the food safety provisions of the Food, Drug,
and Cosmetic Act (the act). Failure to adopt effective preventive controls can be considered
insanitary conditions which may render food injurious to health. Food produced under such
conditions is adulterated under the act (21 U.S.C. 342(a)(4)). FDA will consider enforcement
actions against any party who does not have effective preventive controls in place, in

particular, microbial testing.

These recommendations are based on the recommendations of the National Advisory
Committee on Microbiological Criteria for Foods (NACMCF, 1999) and elaborate on
Compliance Policy Guide 7120.28 (CPG 7120.28).

Seed Production: Seeds for sprout production should be grown under good agricultural
practices (GAPs) in order to minimize the likelihood that they will contain pathogenic
bacteria. For more information on GAPs, see FDA's 1998 "Guidance for Industry: Guide to
Minimize Microbial Food Safety Hazards for Fresh Fruits and Vegetablesl". Copies of this
guidance are available on the internet (http://www.foodsafety.gov/~dms/prodguid.html) or by

calling the number listed in the references and resources at the end of this guidance.

Seed Conditioning, Storage, and Transportation: Seeds that may be used for sprouting should
be conditioned, stored, and transported in a manner that minimizes the likelihood that the
seeds will be contaminated with pathogens. For example, seed should be stored in closed or
covered containers in a clean dry area dedicated to seed storage. Containers should be
positioned off the floor and away from walls to reduce the possibility of contamination by

rodents or other pests and to facilitate regular monitoring for pest problems.
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Sprout Production: Sprouters should implement appropriate practices to ensure that sprouts are
not produced in violation of the act which prohibits the production of food under insanitary
conditions which may render food injurious to health (21 U.S.C. 342(a)(4)). In addition to
seed treatment and testing for pathogens (see below), sprouters should maintain facilities and
equipment in a condition that will protect against contamination. Facilities with poor sanitation
can significantly increase the risk of contaminating product. Sprouters should employ good
sanitation practices as a standard operating procedure to maintain control throughout all stages
of sprout production. Inadequate water quality and poor health and hygienic practices can all
increase the risk of food becoming contaminated with pathogens. Sprouters may wish to
review 21 CFR Part 110 which sets forth good manufacturing practices (GMPs) in

manufacturing, packaging, or holding human food that cover these aspects of food production.

Seed Treatment: Seeds for sprouting should be treated with one or more treatments (such as
20,000 ppm calcium hypochlorite(z)) that have been approved for reduction of pathogens in
seeds or sprouts. Some treatments can be applied at the sprouting facility while others will
have to be applied earlier in the seed production process. However, at least one approved
antimicrobial treatment should be applied immediately before sprouting(3). Sprouters should

carefully follow all label directions when mixing and using antimicrobial chemicals.

Testing for Pathogens: Because currently approved antimicrobials have not been shown to be
capable of eliminating all pathogens from seed, sprout producers should conduct
microbiological testing of spent irrigation water from each production lot to ensure that
contaminated product is not distributed. Because testing for pathogens can be done with
irrigation water as early as 48 hours into what is generally a 3 to 10 day growing period,
producers who plan accordingly can obtain test results before shipping product without losing
product shelf-life. Testing, whether done by the producer or contracted out, should be done by
trained personnel, in a qualified laboratory, using validated methods. Additional information on
sample collection and microbial testing, including how to sample and test sprouts when testing
spent irrigation water is not practicable (as may be the case with soil-grown sprouts), can be

found in a companion guidance document referenced below.

Traceback: Traceback cannot prevent a foodborne illness outbreak from occurring. However,

being able to trace a food back to it's source quickly can limit the public health and

- 150 -



economic impacts of an outbreak, if it occurs. Information gained in traceback investigations
may also help prevent future outbreaks. Sprout producers, seed producers, conditioners and
distributors should develop and implement systems to facilitate traceback and recalls in the

event of a problem. All parties should test their systems in advance of a real problem.

References and resources

1. FDA. 1982. Compliance Policy Guide Sec. 555.750 Seeds for Sprouting Prior to Food Use,
i.e., Dried Mung Beans, Alfalfa Seeds, etc. (CPG 7120.28) can be viewed and printed
from the web page at the following address http://www.fda.gov/ora/compliance ref/cpg/
cpgfod/cpg555-750.html (Updated web reference: CPG Sec. 555.7502)

2. FDA. 1998. Guidance for Industry - Guide to Minimize Microbial Food Safety Hazards for
Fresh Fruits and Vegetables3 can be viewed and printed from the web page at the
following address http://www.foodsafety.gov/~dms/prodguid.html or may be obtained by
calling 202-401-9725.

3. FDA. 1999. Press Release - Consumers Advised of Risks Associated with Raw Sprouts.
P99 - 13. http://www.fda.gov/bbs/topics/NEWS/NEW00684.html

4. FDA. 1999. "Guidance for Industry: Sampling and Microbial Testing of Spent Irrigation
Water During Sprout Production" can be viewed and printed from the web page at
http://www.cfsan.fda.gov/~dms/sprougd2.html.

5. National Advisory Committee on Microbiological Criteria for Foods. 1999a. Microbiological
Safety Evaluations and Recommendations on Sprouted Seeds. http://www.cfsan.fda.gov/
~mow/sprouts2.html.

6. National Advisory Committee on Microbiological Criteria for Foods. 1999b. Microbiological
Safety Evaluations and Recommendations on Fresh Produce. Food Control 10: 117 - 143.

7. Copies of Federal regulations in the Code of Federal Regulations (CFR) may be purchased
from the U.S. Government Printing Office or by telephone at (202) 512 - 1800. The CFR
is also available at local branches of U.S. Government Printing Office Bookstores.
Information on location of regional branches is available on the web page at the following
address: http://www.cfsan.fda.gov/~Ird/ob-reg.html

8. Sections of the CFR, such as 21 CFR Part 110 Current Good Manufacturing Practices in
Manufacturing, Packing, or Holding Human Food, can be viewed and printed from the

web page at the following address: http://www.access.gpo.gov/nara/cfr/index.html6.
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Footnotes:

O This guidance has been prepared by the Office of Plant and Dairy Foods and Beverages in
the Center for Food Safety and Applied Nutrition at the Food and Drug Administration.
This guidance represents the agency's current thinking on reducing microbial food safety
hazards for sprouted seeds. It does not create or confer any rights for or on any person
and does not operate to bind FDA or the public. An alternative approach may be used if
such approach satisfies the requirements of the applicable statute and regulations. Following
the recommendations in this guidance will not shield any person or any food from
appropriate enforcement under the Federal Food, Drug, and Cosmetic Act if adulterated
food is distributed in interstate commerce.

® In 1998, the Environmental Protection Agency issued a "section 18" for the temporary use

of 20,000 ppm calcium hypochlorite to disinfect seed for sprouting. In the fall of 1999,

the exemption was renewed for another year. However, in order to ensure continued

availability of this treatment, registrants should be actively pursuing a full registration

under section 3 in 2000.

®) Antimicrobials are either pesticides chemicals or food additives, depending on where they

are used. As such their use on seeds for sprouting must be approved by EPA or FDA. To

find out what antimicrobials have been approved by EPA or FDA for use on seeds for

sprouting, you can call 202-418-3098.

Federal Register Notice of Awvailability, 64 FR 57893, Guidance for Industry: Reducing
Microbial Food Safety Hazards for Sprouted Seeds and Guidance for Industry: Sampling and
Microbial Testing of Spent Irrigation Water During Sprout Production October 27, 1999

Page Last Updated: 07/10/2009

Web page: http://www.fda.gov/Food/GuidanceComplianceRegulatorylnformation/GuidanceDocume
nts/ProduceandPlanProducts/ucm120244.htm
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- Guidance for Industry: Sampling and Microbial Testing of Spent Irrigation Water

during Sprout Production

October 27, 1999

GUIDANCE"

Introduction

Raw sprouts have been associated with at least eleven foodborne illness outbreaks since 1995.
FDA and other public health officials are working with industry to identify and implement
production practices that will assure that seed and sprouted seed are produced under safe
conditions. While these efforts have improved food safety awareness within the industry and
have led to a significantly better understanding of the microbial ecology of sprout-associated
foodborne illness, not all industry segments have been reached and outbreaks continue to
occur. Consequently, FDA released a guidance document, entitled "Guidance for Industry:
Reducing Microbial Food Safety Hazards for Sprouted Seed" (the "sprout guidance"). The
sprout guidance identifies a number of areas, from the farm to the sprout facility, where FDA
believes immediate steps should be taken to reduce the risk of sprouts serving as a vehicle
for foodborne illness and to ensure that sprouts are not adulterated under the Food, Drug, and
Cosmetic Act (the act). Specific recommendations in the sprout guidance include: development
and implementation of good agricultural practices and good manufacturing practices in the
production and handling of seeds and sprouts, seed disinfection treatments, and microbial

testing before product enters the food supply.

The agency will closely monitor the safety of sprouts and the adoption of enhanced
prevention practices as set out in the sprout guidance. FDA plans to send investigators to
sprouting facilities to test water used to grow sprouts (i.e., spent irrigation water) and assess
the adoption of preventive controls. Failure to adopt effective preventive controls can be
considered insanitary conditions which may render food injurious to health. Food produced
under such conditions is adulterated under the act (21 U.S.C. 342(a)(4)). FDA will consider
enforcement actions against any party who does not have effective preventive controls in

place, in particular, effective microbial testing.

This guidance document, "Sampling and Microbial Testing of Spent Irrigation Water During
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Sprout Production,” is intended to assist sprouters in implementing one of the principal
recommendations in the broader sprout guidance, i.e., that producers test spent irrigation water
for two pathogens (Salmonella spp. and Escherichia coli O157:H7) before product enters
commerce. Instructions are also provided for the sampling and testing of sprouts for those
instances when it is not possible to test spent irrigation water. However, for the reasons

discussed below, sprouts should not be tested in lieu of irrigation water.

Why Test

Salmonella and E. coli O157:H7 have been the major causes of sprout-associated illness
outbreaks. Seeds are the likely source of contamination in most of these outbreaks. Routine
use of approved seed disinfection treatments (such as 20,000 ppm of calcium hypochlorite in
water) is likely to reduce the level of contamination if pathogens are present in or on seeds
and, in turn, reduce the risk of foodborne illness from the consumption of sprouted seed.
However, current approved treatments cannot guarantee total elimination of pathogens. The
same conditions that encourage germination and growth of seeds (e.g., temperature, available
moisture, and nutrients), also encourage the growth of bacterial pathogens. Even if only a few
pathogens survive a seed disinfection treatment, they can grow to high levels during sprouting
and contaminate the entire batch. Therefore, seed disinfection treatments should be combined

with microbial testing to ensure that pathogens are not present before sprouts enter the food

supply.

As additional food safety controls are identified and implemented, the current recommendation
to test irrigation water from every batch of sprouts produced may be changed, e.g., to

periodic microbial testing as a tool for validating the effectiveness of food safety systems.

Who Should Perform The Tests

Sample collection

Sample collection should be done by personnel that have been trained to collect representative
samples aseptically. Obviously, sample collection should be done on site, either by employees

or by contract personnel. Aseptic sampling procedures are described below.
Testing

FDA recommends that all testing for pathogens be conducted in an external, qualified,

independent laboratory that should meet several key criteria. First, the lab should be physically
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separated from the food production facility to prevent cross-contamination from test materials.
This is especially important where the materials used in the enrichment step required before
testing and the positive controls (described below) can contain pathogens and if not properly

handled may contaminate sprouts.

Second, the laboratory should be staffed by personnel with training and experience in
analytical microbiology techniques to ensure that tests are performed correctly and that all
appropriate safety precautions, including appropriate waste disposal, are followed. Third, the

laboratory should have appropriate resources and a demonstrable quality management system.

If testing is done by the sprouter, then the laboratory facilities, personnel, and management
system should also meet all these criteria to ensure that testing is reliable and does not create

food safety hazards.

Why Sample Irrigation Water
Procedures are provided for testing spent irrigation water and sprouts. Although each has

advantages and disadvantages, FDA is recommending testing spent irrigation water.

Spent irrigation water that has flowed over and through sprouts is a good indicator of the
types of microorganisms in the sprouts themselves and the microflora in spent irrigation water
is fairly uniform. Thus sampling procedures for spent irrigation water are relatively simple.
Furthermore, water can be used directly in the test procedures described here. The only
potential disadvantage of testing spent irrigation water is that the level of microorganisms
recovered in irrigation water is about 1 log less than the level in sprouts. If pathogens are
present in sprouts at very low levels, it is possible that they might be missed in water but

recovered in sprouts.

Testing the sprouts themselves has several significant disadvantages. First, multiple sprout
samples must be taken from different locations in the drum or trays to ensure that the sample
collected is representative of the batch. Furthermore, additional preparation (e.g., selecting
representative subsamples for analyses, blending or stomaching, and allowing sprout particles
to settle out) is required when testing sprouts. Each additional step in any procedure

(sampling or testing) introduces a possibility for error.
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Consequently, sprouts should not be tested in place of irrigation water unless production
methods make it impossible to test spent irrigation water. For example, spent irrigation water
may not be available when sprouts are grown in soil. [Note: The recommendation to test
irrigation water does not preclude adding the testing of sprouts (either sprouts collected during
production or finished product), to a food safety plan that includes testing irrigation water.]
Sampling and testing steps specific to sprouts are given in italics and may be disregarded

when testing spent irrigation water.

Sampling Plan
Sprouters should have a sampling plan in place to ensure the consistent collection of samples
in an appropriate manner. The following factors should be considered in determining when

and how to sample.

When to Sample

Pathogens are most likely to be present at detectable levels at or after 48 hours from the
start of the sprouting process. Levels will not necessarily increase after 48 hours and may
decline slightly. Thus, collecting samples for testing can be done as early as 48 hours after
the start of sprouting. If seeds are presoaked (e.g., soaked in water for a short time and then
transferred to growing units for sprouting), presoak time should be included in the 48 hour

minimum.

If you are using rapid test kits, samples may be collected as late as 48 hours prior to
shipping and still provide an opportunity for the sprouter to obtain test results before product
enters the food supply. However, early results will allow a sprouter to take corrective actions
sooner, minimizing the potential for a contaminated batch of sprouts to contaminate other
production batches. Earlier testing (i.e., 48 hours after the start of sprouting) will also
minimize the time and resources spent on a batch of sprouts if a presumptive positive is
found. If a firm's action plan includes running confirmatory tests on a presumptive positive
before discarding product, testing earlier rather than later allows more time to run additional

tests.
How to Sample

Aseptic procedures are critical to avoid contaminating the sample during sample collection,

storing the sample(s), and transporting the sample(s) to the lab. Aseptic sampling procedures,
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as described below, should be part of a firm's plan for sample collection.

Equipment used to collect samples should be clean and sterile. Sampling tools and sample
containers may be purchased pre-sterilized. Alternatively, tools and containers may be sterilized
at 121°C (250°F) for 30 minutes in an autoclave prior to use. Heat-resistant, dry materials

may be sterilized in a dry-heat oven at 140°C (284°F) for 3 hours.

The type of sample containers used will depend on the type of samples collected but may
include pre-sterilized plastic bags, tubes, cups, and flasks. Containers should be dry,
leak-proof, wide mouthed, and of a size suitable for the samples. Sample containers should be

properly labeled prior to starting sample collection.

Sample collectors should wear a clean lab coat, sterile gloves, and a hair net to insure they
do not contaminate the samples. Hands should be washed immediately before sampling, and
prior to putting on sterile gloves. Sterile gloves should be put on in a manner that does not

contaminate the outside of the glove. Gloves should be properly disposed of after use.

Hands should be kept away from mouth, nose, eyes, and face while collecting samples.

Sampling instruments should be protected from contamination at all times before and during
use. Sampling instruments and samples moving between the sampling site and the sample

container should not be passed over the remaining pre-sterilized instruments.

The sterile sample container should be opened only sufficiently to admit the sample, place the
sample directly in the container, then immediately closed and sealed. If collecting samples in
a container with a lid, the lid and container should be held in one hand while collecting the
sample. The lid should NOT be completely removed. (The lid should not be held separately

or placed on a counter).
The sample container should be filled no more than 3/4 full to prevent overflow. The air
from the container should not be expelled when sealing, particularly for plastic bags. Samples

or sampling equipment should not be exposed to unfiltered air currents.

Samples should be delivered to the laboratory promptly. Perishable material should be kept at
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an appropriate temperature, preferably at 0 to 4.4°C (32 to 40°F). Sealed coolant packs should

be used to avoid contamination from melting ice.

What to Sample and How Much to Collect

FDA recommends that a sprouter test for pathogens by collecting a sample of spent irrigation
water from each production lot or batch. For purposes of this guidance, a production lot or
batch is defined as sprouts from a single lot of seed that were started at the same time in a
single growing unit (i.e., a single drum or rack of trays). Pooling samples should be avoided
as pooling from different production batches may decrease the sensitivity of the tests by
diluting the level of pathogens in a contaminated sample with samples that are not
contaminated. Pooling samples from different batches also complicates the interpretation of
results. If a presumptive positive is found, the sprouter should discard all lots represented by

the pooled sample or perform additional tests to determine which batch(s) are contaminated.

1. Sample Collection for Spent Irrigation Water
The volumes given below for spent irrigation water (or sprouts) represent a sufficient sample

size to test for both Salmonella and E. coli O157:H7.

If testing spent irrigation water, 1 L of water (about 2 pints or one quart) should be

aseptically collected as the water leaves a drum or trays during the irrigation cycle.

If sprouts are grown in drums, a single 1 L sample may be collected.

If sprouts are grown in trays, and all trays in a production lot have a common trough for
collecting spent irrigation water, a 1 L sample may be collected at that point. If there is no
common collection point for water from trays, it may be necessary to collect water samples
from individual trays and pool these samples. In this case, a sampling plan should be devised
to ensure collection of a sample that is representative of the production lot. When 10 or
fewer trays make up a production lot, approximately equal volumes of water should be
collected from each of the 10 trays to make a total sample volume of 1 L. For example,
collect about 100 mL of water from each of 10 trays to make a 1 L sample; about 125 mL
from each of 8 trays; 167 mL from each of 6 trays, and so on. When more than 10 trays
make up a production lot, ten samples should be aseptically collected, approximately 100 mL

each from different trays. Again, samples should be collected throughout the entire production
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lot (e.g., if there are 20 trays in a production lot, collect samples from every other tray in
the rack moving from top to bottom, side to side, and front to back). Samples should be

placed directly into a clean, sterile, prelabeled container.

2. Sample Collection for Sprouts

If testing sprouts, 32 sample units should be aseptically collected, approximately 50 g each,
from different locations in the drum or growing trays. The total sprout sample will be
approximately 1,600 g (about 56.48 ounces or 3.53 pounds per production lot or batch).
Sample units should be collected throughout the entire production lot (e.g., from top to
bottom, side to side, and front to back of the drum or trays). Each 50 g sample unit should
be placed directly into individual clean, sterile, prelabeled containers. (Keeping the thirty-two
sample units separate will make it easier for the lab to select representative analytical units
for microbial analysis compared to pulling analytical units from a single 1,600 g mass of

sprouts.)

Microbial Testing

Testing Procedures

The testing procedures described in this guidance are screening tests. They were chosen to
obtain results as simply and quickly as possible (i.e., to provide answers in 48 hours or less)
on the presence or absence of two major pathogenic bacteria, i.e., Salmonella and E. coli
O157:H7. Formal confirmation methods, which take longer than 48 hours, are described in the

FDA Bacteriological Analytical Manual (published by AOAC International, Gaithersburg, MD).

The kits identified in this guidance are AOAC approved screening tests and/or FDA has
experience with their use. These are also the tests that FDA plans to use as screening tests to
monitor spent irrigation water at sprouting facilities. If screening methods, other than those
described here are used, they should first be validated either by formal collaborative studies
or by comparative studies with standard methods using the specific commodity in question,

spent irrigation water or sprouts.

Procedures for determining the presence or absence of E. coli O157:H7 and Salmonella
species using the test kits listed below are provided at the end of this guidance. These
procedures should be performed separate from the food production facility by a qualified

laboratory, preferably an independent, certified lab.
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The rapid test procedures described in this guidance all involve an enrichment step to
encourage the selective growth of pathogens, if they are present, in order to make their
detection possible. These test kits will NOT detect pathogens in irrigation water or sprouts if

the enrichment step is not performed.

In addition, seasonal or regional differences in water quality, type of seed being sprouted,
individual sprout production factors, and variations in sampling and analytical conditions may
all impact on the effectiveness of the screening tests. Therefore, the lab should periodically
run positive controls (i.e., sprout or water samples to which a known quantity of pathogens
have been added) to ensure the tests used are capable of detecting pathogens when they are

present in the samples being tested.

Test Kits

E. coli O157:H7

1. VIP EHEC, Biocontrol Systems, Inc., Bellevue, WA., (AOAC Official method # 996.09)
or

2. Reveal E. coli O157:H7, Neogen Corp., Lansing, MI.

Salmonella

1. Assurance Gold Salmonella EIA, (AOAC Official method # 999.08)

or

2. Visual Immunoprecipitate (VIP) Assay for Salmonella, (AOAC Official method 1B 999.09)
(Both kits are manufactured by BioControl Systems, Inc., 12822 SE 32nd Street, Bellevue,
WA 98005).

General Laboratory Instructions

Prepared Media Storage

Unless noted otherwise most media can be made in advance and stored at 20-30°C (68-86°F)
in the dark with a shelf life of at least one month. Media should be well wrapped or

contained in order to reduce evaporation.

Equipment Sterilization

Safe and proper operation of sterilizing autoclaves requires specially trained personnel. The

- 160 -



sterilization time is typically 121°C (250°F) for 15 minutes.

Media and Equipment Decontamination

Used culture media and test kits should be decontaminated by autoclaving before disposal.
Decontamination should be performed in an area that is totally separated from media
preparation and sterilization. Trained personnel should be used to properly decontaminate used

media.

Dividing Samples into Subsamples for Analyses

Spent Imrigation Water - A total of 1 L of spent irrigation should be collected for analysis.
Two 100 mL subsamples should be analyzed for the presence of E. coli O157:H7. Two 375
mL subsamples should be analyzed for the presence of Sal/monella. Any unused portion of the

spent irrigation water should be stored under refrigeration pending completion of the analysis.

Sprouts - Thirty-two 50 g analytical units of sprouts should be collected for analysis. Two of
the 50 g analytical units (25 g subsamples from each) should be analyzed for the presence of
E. coli O157:H7 and thirty of the 50 g sample units (25 g subsamples from each) should be
analyzed for the presence of Salmonella. Unused portions of the sprout analytical units should

be stored under refrigeration pending completion of the analysis.

Sample preparation (stomaching sprouts)

The procedures in this guidance use a blender to prepare sprouts for testing. As an alternative
to blending, sprouts may be homogenized in a Stomacher (Model 400). To use a Stomacher,
place 25 g of sprouts in a sterile Stomacher bag, add 225 mL enrichment broth and process

on medium speed for 2 minutes.

Interpretation of Results and Subsequent Actions

Interpreting Results

Analyses should be performed in duplicate (two tests for each of the two pathogens). When
results are negative for all tests, results are assumed to be correct. When results are positive
for one or both tests for either pathogen, the results are considered presumptive and the

grower should either:

1. Consider the presumptive positive result(s) to be true and take immediate corrective actions,
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as described below, OR

2. Ask the testing laboratory to run confirmatory tests and destroy the batch only if the

confirmatory tests are also positive for the presence of a pathogen.

In considering the second option, remember that confirmatory testing takes extra time and will
lessen the marketable shelf life of the sprouts. (All product should be held until test results
are available.) Rapid test kits are for screening ONLY. Confirmatory testing should be done
using standard methods in the FDA Bacteriological Analytical Manual (Edition 8, Revision A
- 1998).

Corrective Actions
Each facility should have a corrective action plan in place before a positive is found so that,
if one does occur, corrective actions can be taken quickly. The following should be included

in a corrective action plan.

Seed is the likely source of contamination in sprout-associated foodborne illness outbreaks.
Further, recent outbreak investigations have shown that a single contaminated seed lot can
result in contamination of multiple production lots of sprouts. Therefore, when a batch of
sprouts is considered to be contaminated with a pathogen, the batch of sprouts, the seed lot
used to produce the sprouts, and any other sprout production lots that were made from the

same seed lot and that are still under control of the sprouter, should be discarded.

In addition, anything in the sprouting facility that has come into contact with the
contaminated production lot or its water (e.g., drums, trays, bins, buckets, tools and other
sprouting equipment, testing equipment, and other possible surfaces, such as floors, drains,
walls, and tables), should be thoroughly cleaned and then sanitized to avoid contamination of
subsequent batches of sprouts. Care must be taken in handling contaminated sprouts or water,

equipment, and test materials to avoid accidental exposure to the pathogen(s).
A) Procedure for the Rapid Analysis of E. coli O157:H7 in Spent Iirigation Water or

Sprouts.

I. Test Kits choose one:
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VIP EHEC", Biocontrol Systems, Inc., Bellevue, WA., or:
Reveal E. coli O157:H7(2), Neogen Corp., Lansing, MI.

II. Equipment and Materials

1.

S

10.
11.
12.
13.
14.

Mechanical blender (capable of 10,000 to 12,000 rpm) or Stomacher Model 400 (with
required stomacher bags)

Sterile blender jars, with cover, resistant to autoclaving for 60 min at 121°C

1 Balance, with weights (2000 g capacity, sensitivity of 0.1 g)

1 L Erlenmeyer flask

2 Sterile graduated pipettes, 1.0 and 10.0 mL and pipette aids

Sterile instruments for use in taking and handling of samples (such as knives, tongs,
scissors, spoons, etc.)

Sterile culture tubes, 16x150 mm or 20x150 mm

Incubator/shaker platform, 35+1°C

pH meter or test strips

Fisher or Bunsen burner

Magnetic stirrer and stir bars

Sterile syringes

Sterile 0.2 m filters

Distilled water

III. Ingredients

1.

A A B B o S

H
e

Peptone

NaCl

Na,HPO,

KH,PO4

Casamino acid

Yeast extract

Lactose

Acriflavin (antibiotic)
Cefsulodin (antibiotic)

Vancomycin (antibiotic)

Preparation of antibiotic stock solutions
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Prepare a stock solution of each antibiotic (acriflavin, cefsulodin, and vancomycin) by
dissolving 1000 mg of each antibiotic in a separate tube containing 10.0 mL of distilled
water. Filter-sterilize the solution using a 0.2 m filter and syringe. The stock solution may be

stored for several months in foil wrapped tubes at 4°C (39.2°C).

Prepare the modified Buffered Peptone Water as described below, autoclave, cool, add

antibiotic supplements. Instructions for sprouts are given in italics.

Modified Buffered Peptone Water (mBPW)
Step 1. To make 1000 mL of mBPW, mix the following constituents into distilled water,
stirring to dissolve. For spent irrigation water, prepare double strength (2x) mBPW, as

follows: (If testing sprouts, use single strength (1x) enrichment broth base.)

Modified Buffered Peptone Water(mBPW)

Ingredient Double strength (2x) Single strength (1x)

(For use with spent (For use with sprouts)
irrigation water)

Peptone 20.0 g 100 g

NaCl 100 g 50 ¢g

KH>PO4 30 g 15¢g

Casamino acid 10.0 g 50 g

Yeast extract 120 g 6.0 g

Lactose 200 g 100 ¢

Distilled water* 1000 mL 1000 mL

*pH 7.2+0.2 (Test pH of distilled water BEFORE adding the ingredients above. If
necessary, pH may be adjusted with IN HCI or IN NaOH.

Step 2. Sterilize mBPW by autoclaving at 121°C (250°F) for 15 minutes. Remove from

autoclave and allow to cool until cool to the touch.

Step 3. Once the medium is cooled and immediately prior to the addition of a subsample,
add the following quantity of filter-sterilized antibiotics to 1000 mL of medium. For spent
irrigation water, add the quantity of antibiotics listed in the column labeled double strength
(2x) to the double strength mBPW. (If testing sprouts, add the quantity of antibiotics listed in
the column labeled single strength (1%) to the single strength mBPW.)
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Antibiotic supplements for mBPW

Antibiotic Stock Solution Double strength (2x) Single strength (1x)
(For use with spent (For use with sprouts)
irrigation water)

Acriflavin (A) 0.2 mL 0.1 mL

Cefsulodin (C) 0.2 mL 0.1 mL

Vancomycin (V) 0.16 mL 0.08 mL
IV. Testing

The following instructions result in analysis being performed in duplicate: For microbial
testing, duplicate sub-samples (analytical units) need to be removed from the sample and
placed in enrichment broth. Enrichment broth containing sub-samples are allowed to incubate
for a period of time, and a small quantity of the enrichment broth/sample is applied to the

test kit device. Specific directions follow:

Step 4.
Water: Two 100 mL subsamples of spent irrigation will be analyzed. From the 1000 mL
sample of spent sprout irrigation water, aseptically transfer 100 mL of sample into a sterile

IL flask containing 100 mL of 2xmBPW+ACV. Repeat with second subsample.

Sprouts: Two 50 g analytical units of sprouts will be analyzed. From two of the thirty-two
50 g analytical units collected, aseptically remove and weigh out a 25 g subsample of
sprouts. Transfer each of the 25 g subsamples of sprouts into separate sterile blender jars or
sterile stomacher bags. Add 225 mL of single strength enrichment broth with added antibiotic
supplements (1xmBPW+ACV) and blend at 10,000 to 12,000 rpm until homogenized (at least
60 seconds) or stomach for 2 minutes on medium setting in a Stomacher Model 400. Transfer

sprout homogenate to a 1L Erlenmeyer flask.

Step 5. Incubate the enrichment broth/sample mixtures overnight at 42°C(107.6°F) with
shaking at 140 RPM.

Step 6. Test each enrichment broth sample for the presence of E. coli O157:H7, using either
the VIP EHEC device or the Reveal E. coli O157:H7 device. Use 0.1 mL from the
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inoculated and incubated mBPW+ACV to inoculate VIP or 0.12 mL for the Reveal. Follow

the manufacturers instructions for the inoculation of test kits.

Step 7. Observe test results within 10 minutes to avoid possible fading of bands which could
lead to false negative results. A band in both the test and control chambers is a positive test
for contamination. A band in only the control chamber is a negative test. If a band does not

appear in the control chamber, the test was not done correctly and must be repeated.

B) Procedure for the Salmonella Rapid Analysis of Spent Iirigation Water (or Sprouts)
I. Test kits choose one

* Assurance Gold Salmonella EIA, or

* Visual Immunoprecipitate (VIP) Assay for Salmonella
Both are manufactured by BioControl Systems, Inc., (12822 SE 32nd Street, Bellevue, WA
98005). For purposes of pre-enrichment and selective enrichment, these test kits provide
different instructions for each of three types of foods: (a) processed foods, (b) dried powder
processed foods, and (c¢) raw foods. For the analysis of sprouts and spent irrigation water, use

the pre-enrichment/selective enrichment procedures described for (c) raw foods.

II. Equipment and materials.

1. Blender and sterile blender jars OR Stomacher Model 400 with appropriate stomacher

bags.

2. Sterile, 16 oz (500 mL) wide-mouth, screw-cap jars, sterile 500 mL Erlenmeyer flasks,
sterile 250 mL beakers, sterile glass or paper funnels of appropriate size, and,
optionally, containers of appropriate capacity to accommodate composited samples
Balance, with weights; (2000 g capacity, sensitivity of 0.1 g)

Balance, with weights; (120 g capacity, sensitivity of 5 mg)
Incubator, 35°C (95°F)

Refrigerated incubator or laboratory refrigerator, 4+1°C (39+1°F)
Water bath, 42+0.2°C (107.6+0.2°F)

Sterile spoons or other appropriate instruments for transferring food samples

A e e R

Sterile culture dishes, size 15x100 mm, glass or plastic
10. Sterile pipettes, 1 mL, with 0.01 mL graduations; 5 mL with 0.1 mL graduations and
10 mL with 0.1 mL graduations and pipette aids

11. Inoculating needle and inoculating loop (about 3 mm id or 10 1), nichrome,
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platinum-iridium, chromel wire, or sterile plastic

12. Sterile test or culture tubes, sizes 16x150 mm and 20x150 mm

13.

Test or culture tube racks

14. Vortex mixer

15.

Sterile shears, large scissors, scalpel, and forceps

16. Fisher or Bunsen burner

17. pH test paper (pH range 6 - 8) with maximum graduations of 0.4 pH units per color

18.
19.

change
Sterile syringe

Sterile 0.2 m filters

III. Media and reagents

For preparation of media and reagents, refer to sections 967.25 to 967.28 in Official Methods

of Analysis (published by AOAC International, Gaithersburg, MD USA). Designations within

parentheses refer to Appendix 3, Media and Reagents, of the Bacteriological Analytical
Manual (BAM), Edition 8, Revision A (also published by AOAC International).

o

. Buffered peptone water (commercially available: Oxoid, BBL, or Difco)
. Buffered peptone water + novobiocin

Tetrathionate (TT) broth (M145)

Rappaport-Vassiliadis (RV) medium (M132)

Trypticase soy broth (commercially available)

Trypticase soy broth + novobiocin

Trypticase soy broth + 2, 4 dinitrophenol + novobiocin

1 N Sodium hydroxide solution (NaOH) (R73)

1 N Hydrochloric acid (HCI) (R36)

. Novobiocin solution, 0.1%

. Sterile distilled water

Buffered peptone water (No. 1), Buffered peptone water with novobiocin (No. 2), Trypticase

soy broth with novobiocin (No. 6) and Trypticase soy broth with 2,4 dinitrophenol and

novobiocin (No. 7), are not included in the BAM. Their preparation is described below.

Buffered Peptone Water (BPW)

(Medi

a & Reagents #1)
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Dissolve 20 g of commercially available buffered peptone water medium in 1 L distilled
water. Mix thoroughly. Dispense 225 mL portions into 500 mL Erlenmeyer flasks. After
autoclaving for 15 min at 121°C, and just before use, aseptically adjust volume to 225 mL
with sterile distilled water. Adjust pH, if necessary, to 7.2+0.2 with sterile 1 N NaOH or 1
N HCI.

Buffered Peptone Water + novobiocin (BPW+n)
(Media & Reagents #2)
Immediately prior to the addition of a 25 g subsample, add 4 mL of 0.1% novobiocin

solution to each 225 mL volume of buffered peptone water.

Trypticase soy broth + novobiocin (TSB+n)

(Media & Reagents #6)

Suspend 30 g of commercial available trypticase soy broth medium in 1 L of distilled water.
Mix thoroughly. Warm gently on a temperature controlled hot plate until the medium is

dissolved. Dispense in 10 mL aliquots in 20x150 mm tubes and autoclave 15 min. at 121°C.

Just prior to sample addition, add 0.1 mL of 0.1% novobiocin solution to each tube

containing 10 mL of Trypticase soy broth.

Trypticase soy broth + 2, 4 dinitrophenol + novobiocin (TSB+DNP+n)

(Media & Reagents #7)

Suspend 30 g of commercial available trypticase soy broth medium and 0.1 g of 2, 4
dinitrophenol in 1 L of distilled water. Mix thoroughly. Warm gently on a temperature
controlled hot plate until the medium is dissolved. Dispense in 10 mL aliquots in 20x150 mm

tubes and autoclave 15 min. at 121°C (250°F).

Just prior to sample addition, add 0.1 mL of 0.1% novobiocin solution to each tube

containing 10 mL of Trypticase soy broth + 2, 4 dinitriphenol.

Novobiocin solution, 0.1%
(Media & Reagents #9)
* Novobiocin, sodium salt 0.1 g

e Distilled water 100 ml
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Dissolve novobiocin in distilled water. Do not autoclave. Sterilize by filtering through a 0.2 m
filter. Store solution at 4°C (39.2°F), protected from light (e.g. wrap container in aluminum

foil). Solution can be stored for one week.

IV. Testing
A. Imigation water-From the 1 L spent irrigation water sample, two 375 mL subsamples will

be analyzed for the presence of Salmonella.

Step 1. Aseptically transfer a 375 mL subsample directly to a 6 L Erlenmeyer flask
containing 3,375 mL BPW+n. Swirl to mix thoroughly. Repeat procedure with second 375 ml

subsample of spent irrigation water.

Step 2. Allow flasks to stand for 60 min at room temperature. Mix well and determine pH

with test paper. Adjust pH, if necessary, to 6.8+0.2 with sterile 1 N NaOH or 1 N HCL.

Step 3. Incubate flasks without shaking for 18 - 26 hours at 35-37°C (95-98.6°F). Each flask

is considered to contain pre-enrichment broth.

Step 4a. If using the Assurance Gold Salmonella Enzyme Immunoassay, transfer 0.1 mL
pre-enrichment broth to 10 mL RV medium and transfer another 1.0 mL of pre-enrichment
broth to 10 mL TT broth. Incubate in a water bath 5-8 hours at 42°C (107.6°F). Incubation
of the RV medium and TT broth in the water bath is termed the selective enrichment
process. Following selective enrichment, transfer and combine 1.0 mL TT broth and 0.5 mL
RV medium into a single tube containing 10 mL of prewarmed [42°C (107.6°F)] TSB-+n
broth. Incubate in a water bath 16-20 hours at 42°C (107.6°F). Continue as described in this

kit's instructions for (¢) raw foods.

Step 4b. If using the VIP Assay for Salmonella, transfer 0.1 mL pre-enrichment broth to 10
mL RV medium and transfer another 1.0 mL of pre-enrichment broth to 10 mL TT broth.
Incubate in a water bath 18-24 hours at 42°C. Incubation of the RV medium and TT broth
in the water bath is termed the selective enrichment process. Following selective enrichment,
transfer and combine 0.5 mL of TT broth and 0.5 mL RV medium into a single tube
containing 10 mL prewarmed [42°C (107.6°F)] TSB+DNP+n broth. Incubate in a water bath

5-8 hours at 42°C (107.6°F). Continue as described in this kit's instructions for (c) raw foods.
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B. Sprouts- Thirty 50 g analytical units of sprouts were collected for Salmonella analysis.

Step 1. Aseptically weigh out a 25 g subsample from each analytical unit and transfer each

subsample to a sterile blending jar (or stomacher bag).

Step 2. Add 225 mL buffered peptone water plus novobiocin (BPW+n).

Step 3. Blend the 25 g sprout subsample with 225 mL BPW+n for 2 min.

Step 4. Repeat procedure for remaining twenty-nine analytical units.

Step 5. The thirty 25 g sprout subsamples may be analyzed by either of the following two

options:

*  Option A:

Each 25 g/225 mL blended sprout homogenate is poured into a 500 mL Erlenmeyer
flask, or equivalent container, and analyzed individually.

* Option B:

Fifteen of the thirty 25 g/225 mL blended sprout homogenates are poured into a 6 L
Erlenmeyer flask, and analyzed collectively. Repeat with the remaining 15 blended sprout

homogenates. Thus, each sample consists of two 375-g composites.

Step 6. Allow flasks to stand for 60 min at room temperature. Mix well and determine pH

with test paper. Adjust pH, if necessary, to 6.8+0.2 with sterile 1 N NaOH or 1 N HCL.

Step 7. Incubate flasks without shaking for 18-26 hours at 35-37°C (95-98.6°F). Each flask is

considered to contain pre-enrichment broth.

Step 8a. If using the Assurance Gold Salmonella Enzyme Immunoassay, transfer 0.1 mL
pre-enrichment broth to 10 mL RV medium and transfer another 1.0 mL of pre-enrichment
broth to 10 mL TT broth. Incubate in a water bath 5-8 hours at 42°C (107.6°F). Incubation
of the RV medium and TT broth in the water bath is termed the selective enrichment

process. Following selective enrichment, transfer and combine 1.0 mL TT broth and 0.5 mL
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RV medium into a single tube containing 10 mL of prewarmed [42°C (107.6°F)] TSB+n
broth. Incubate in a water bath 16-20 hours at 42°C (107.6°F). Continue as described in this

kit's instructions for (c¢) raw foods.

Step 8b. If using the VIP Assay for Salmonella, transfer 0.1 mL pre-enrichment broth to 10
mL RV medium and transfer another 1.0 mL of pre-enrichment broth to 10 mL TT broth.
Incubate in a water bath 18-24 hours at 42°C. Incubation of the RV medium and TT broth
in the water bath is termed the selective enrichment process. Following selective enrichment,
transfer and combine 0.5 mL of TT broth and 0.5 mL RV medium into a single tube
containing 10 mL prewarmed [42°C (107.6°F)] TSB+DNP+n broth. Incubate in a water bath
5-8 hours at 42°C (107.6°F). Continue as described in this kit's instructions for (c) raw foods.

Footnotes:

@ This guidance has been prepared by the Office of Plant and Dairy Foods and Beverages in
the Center for Food Safety and Applied Nutrition at the Food and Drug Administration.
This guidance represents the agency's current thinking on reducing microbial food safety
hazards for sprouted seeds. It does not create or confer any rights for or on any person
and does not operate to bind FDA or the public. An alternative approach may be used if
such approach satisfies the requirements of the applicable statute and regulations. Following
the recommendations in this guidance will not shield any person or any food from
appropriate enforcement under the Federal Food, Drug, and Cosmetic Act if adulterated
food is distributed in interstate commerce.

® The enrichment procedure described in this guidance for the tests for E. coli O157:H7

have been modified by FDA to enhance the ability of the kits to detect E. coli O157:H7

in spent irrigation water and sprouts.

Page Last Updated: 07/10/2009

Web page: http://www.fda.gov/Food/GuidanceComplianceRegulatorylnformation/GuidanceDocume

nts/ProduceandPlanProducts/ucm120246.htm
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PROPOSAL P1004

PRIMARY PRODUCTION & PROCESSING
STANDARD FOR SEED SPROUTS

(FIRST ASSESSMENT REPORT)

Executive Summary

Purpose

FSANZ has prepared this FIRST Assessment Report for public consultation. This Report is
prepared in accordance with the principles of best practice regulation recommended by the
Council of Australian Governments: identifying the problem that has prompted government
action; the objectives of such action; and possible options for achieving the objectives. An
overview of the industry sector, the proposed scope of the work, the food safety hazards and
existing food safety measures (regulatory and non-regulatory) applying to the industry are
provided.

To assist FSANZ undertake a comprehensive and informed impact analysis of the proposed
options, affected parties are encouraged to provide comment and information on the issues
raised in the report.

This Proposal is being assessed under the Major Procedure.
Introduction

A primary production and processing standard is an Australia-only standard and a set of
obligations on primary producers and processors of food commodities. These standards are
incorporated into Chapter 4 of the Australia New Zealand Food Standards Code (the Code)
and along with other standards in the Code, they provide an approach to managing food
safety and suitability in Australia that extends from production on the farm through to sale to
the consumer.

To date, FSANZ has developed primary production and processing standards for the
seafood and dairy sectors and is currently developing standards for poultry meat, eggs and
red meat. The development of a primary production and processing standard for seed
sprouts is now being considered following two outbreaks of food-borne illness in Australia
attributed to the consumption of seed sprouts in 2005-2006.

Seed sprouts are a ready-to-eat sprouted form of seeds produced from a wide range of

seeds including alfalfa, onion, radish, broccoli, sunflower, cress, snow peas, lentils, peas and
mung beans.
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Proposal P1004 will examine possible food safety measures that can be applied to primary
production and processing of seed sprouts, covering the areas of seed production (pre-
harvest and post-harvest activities) and sprout production.

A Standard Development Committee (SDC) consisting of representatives from the industry,
retail, government regulators and consumers has been established by FSANZ to advise on
this standard development Proposal.

The Problem

Seed sprouts contaminated by pathogenic micro-organisms present an unacceptable health
risk to consumers. In recent years, outbreaks of food-borne illness have been associated
with the consumption of seed sprouts both in Australia and overseas. In 2005 and 2006, two
outbreaks of Salmonella Oranienburg in Australia were attributed to the consumption of
alfalfa sprouts. The outbreaks affected the health of more than 130 people. Factors
contributing to these adverse health events include:

) the inherent nature of the product (e.g. a ready-to-eat product in which the production
process suppotts the growth of microbial pathogens if present)

. scientific uncertainty around the most effective pathogen mitigation steps
. a lack of through-chain risk mitigation measures (either regulatory or non-regulatory).
Objectives

The goal of government action is to minimise adverse health effects associated with the
consumption of seed sprouts. The objectives of Proposal P1004 are to assess the need for
and identify any appropriate through-chain control measures (regulatory and non-regulatery)
that can be implemented nationally by industry to maximise the safety of seed sprouts.

Options

In order to decide the most effective and efficient approach for achieving the objectives,
FSANZ must consider various risk management options. These options include the Status
Quo (the situation if no action is taken) as a comparative measure against appropriate
regulatory (government) and non-regulatory (industry) approaches. The options identified for
Proposal P1004 are:

) Option 1 — Self regulation. This approach requires food or primary production
businesses to implement and enforce industry guidelines or codes of practice aimed at
improving the safety of seed sprouts.

) Option 2 — Sfatus Quo. Currently there is a mixture of regulatory (State based and
export requirements) and self-regulatory approaches developed for different pockets of
the production chain for seed sprouts. A nationally consistent set of food safety
measures across the production chain for seed sprouts is lacking.

) Option 3 — Food Regulatory measures. This involves the development of food
regulatory measures in the Code for sectors involved in the producticon of seed sprouts
together with a regulatory impact analysis that demonstrates such measures are
commensurate with risk and are cost effective.
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Impact Analysis

The preferred option decided through the assessment of Proposal P1004 will be based on
an analysis that considers:

. who is affected by the problem and the proposed solution

) scientific evaluation of the risks
) efficacy and practicality of risk mitigation measures (control measures) identified
. costs and benefits to affected parties of the interventions associated with each option.

In deciding the preferred option, an assessment of the costs and benefits of each of the
identified options will be undertaken. This will include:

) looking at the scientific evidence that identifies the main hazards associated with seed
sprouts and the factors along the supply chain that impact on the presence or level of
that hazard

) assessing the factors that impact on the presence or level of these hazards in order to
identify what control measures are needed and the extent to which potential hazards
cah or cannot be managed at steps in the chain to minimise public health risks.

FSANZ, with advice from the SDC and taking into consideration submissions made on this
report, will undertake a detailed impact analysis of the costs and benefits to each affected
party posed by each option. This assessment, together with the preferred option, will be
detailed in the SECOND Assessment Report.

Conclusion

The comments and information provided during this consultation will be considered during
the second assessment stage of this Proposal when a preferred option for implementing
national through-chain food safety control measures for the seed sprout industry will be
proposed.

Invitation for Submissions

FSANZ invites public comment on this Report based on the principles of best practice regulation for
the purpose of preparing an amendment to the Code for approval by the FSANZ Board.

Wiitten submissions are invited from interested individuals and organisations to assist FSANZ in
further considering this Proposal. Submissions should, where possible, address the objectives of
FSANZ as set out in section 18 of the FSANZ Act. Information providing details of potential costs and
benefits of the proposed change to the Code from stakeholders is highly desirable. Claims made in
submissions should be supported wherever possible by referencing or including relevant studies,
research findings, trials, surveys etc. Technical information should be in sufficient detail to allow
independent scientific assessment.

The processes of FSANZ are cpen to public scrutiny, and any submissions received will ordinarily be
placed on the public register of FSANZ and made available for inspection. If you wish any information
contained in a submission te remain confidential to FSANZ, you should clearly identify the sensitive
information. separate it from vour submission and provide [ustification for treating it as confidential
commercial material. Section 114 of the FSANZ Act requires FSANZ to treat in-confidence, trade
secrets relating to food and any other information relating to food, the commercial value of which
would be, or could reasonably be expected to be, destroyed or diminished by disclosure.
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Submissions must be made in writing and should clearly be marked with the word ‘Submission” and
quote the correct project number and name. While FSANZ accepts submissions in hard copy to our
offices, it is more convenient and quicker to receive submissions electronically through the FSANZ
website using the Standards Development tab and then through Documents for Public Comment.
Alternatively, you may email your submission directly to the Standards Management Officer at
submissions@foodstandards.gev.au. There is no need to send a hard copy of your submission if you
have submitted it by email or the FSANZ website. FSANZ endeavours to formally acknowledge
receipt of submissions within 3 business days.

DEADLINE FOR PUBLIC SUBMISSIONS: 6pm (Canberra time) 26 August 2009

SUBMISSIONS RECEIVED AFTER THIS DEADLINE WILL NOT BE CONSIDERED

Submissions received after this date will only be considered if agreement for an extension has been
given prior to this closing date. Agreement to an extension of time will only be given if extracrdinary
circumstances warrant an extension to the submission period. Any agreed extension will be notified
on the FSANZ website and will apply to all submitters.

Questions relating to making submissions can be directed to the Standards Management Officer at

standards management@fcodstandards gov.au.

If you are unable to submit your submission electronically, hard copy submissions may be sent to one
of the following addresses:

Food Standards Australia New Zealand Food Standards Australia New Zealand
PO Box 7186 PO Box 10559

Canberra BC ACT 2610 The Terrace WELLINGTON 6036
AUSTRALIA NEW ZEALAND

Tel (02) 6271 2222 Tel (04) 473 9942

- 188 -



CONTENTS

INTRODUCTION. .o e e 3
1. PRIMARY PRODUCTION AND PROCESSING STANDARDS .....c.tiiiiiiiiiiiiie et 3
2. BEED SPROUTS .ottt ettt et ettt e e e e e e e e 4

21 SOOPE e 4
22 The prodUuction CREIr . ... 4
221 Seed ProTUCTION. ... e 4
222 SProUt ProdUCTION ... 5

THE PROBLEM L e e e 5

3. PUBLIC HEALTH RISK. ..o 6
31 Qutbreaks of food-borne illness associated with seed Sprouts..................cco e, 6
32 Factors CoOntribULING TO FISK ... e e 6
33 What controls are effeCtiVE? ... 7

4 EXISTING REQUIREMENTS. . ...\ ettt ittt ei ettt et ee e et et e e et et e ettt e et et e e e e 7
4.1 REQUIAEOIY ... e e e 7

411  Australia New Zealand Food Standards Code ... 7
4111 Chapter 3 —Food Safety Standards..............coooo 7
4112 Chapter1 —General Food Standards ... 8
412 State-based reqUIMEMENES.. ... e e 8
413 EXPOM FeQUINEMIEITS ..o e e 8
42 INTUSTY IIOASUIES ... oo e e e 9
427 Sl PrOUUCEIS . e e e 9
422 SPrOUL PrOTUGCEIS. ... .ottt e e e 9
423 RIS 10

OBUE T IV ES . e e 10

5 OBJECTIVE OF THE PROPOSAL ...ttt 10
51 Process for achieving the objective. ... 10
52 CONSIAMIS .o e 11

5.21 FSANZ ACT 1
222 POlCY QUITBIINES ..o 11

O T N S 12

6. RISKMANAGEMENT OPTIONS. .. .ottt e et 12
6.1 Option T — Self-requiation...................cco e e 12
6.2 Option 2 — SIS QUIO ... 12
6.3 Option 3 — FOOd reguIatory MEESUIES ..o e 12

IMPACT ANALY SIS e e 13

7. CONSULTATION AND COMMUNICATION ..ooiiiii ittt e e e 13
7.1 CONSUMATION. ... 13
7.2 COMMUITGAHION. ... e 13

8. AFFECTED PARTIES .. ..ottt e e et 14
8.1 TTUSTIY e e 14

811 Seed ProdUCTION. ... 14
81.2 SProut PraduCtioN ... 14
8.1.3 Wholesalers and Retail ... 14
8.2 CONSUITIEES ... e e e e e ettt e e 14
83 GOVEIIMENTE. e e 15
84 Worid Trade Organization nofification. ... 15

9. SCIENTIFIC EVALUATION OF THE RISK. .. .ooiiiii ittt ittt e et 15

91 Scientific/Risk ASSESSMENT . 16
911 Microbiological Nazards ..o 16
91.2 Factors that impact on the presence or level of microbiological hazards.................. 16
913  Chemical NAZANDS ... e 17
91.4 Factors that impact on the presence or level of chemical hazards............................. 17

10. RISK MITIGATION (CONTROL) MEASURES. ... . .oiiiiii ittt 17

- 189 -



11. ASSESSMENT OF QP T ON S o e e 19

117 Option 1 — Self—Feguiation........ ... 19
112 Oplion 2 — Stattis QUIO. ... e 19
11.3  Option 3 — Food Safety Reguiations ... 19
N LU S N e e 20
12. O ON LU S ON o 20
ATTACHMENT 1 - THE SEED SPROUT INDUSTRY ...t oo oo e 21
ATTACHMENT 2 - MICROBIOLOGICAL HAZARD EVALUATION OF SEED SPROUTS . ... oo 28
ATTACHMENT 3 - CHEMICAL HAZARD EVALUATION OF SEED SPROUTS ..o iii e 40
ATTACHMENT 4 - COST ESTIMATE OF THE 2005-06 AUSTRALIAN SEED SPROUT QUTBREAKS.................. 43
ATTACHMENT 5 - REGULATORY MEASURES APPLYING TO SPROUT PRODUCTION IN AUSTRALIA ................ 45
ATTACHMENT 6 - SUMMARY OF INTERNATIONAL GUIDELINES/CODES OF PRACTICE.......ooiiiii e 50
ATTACHMENT 7 - ST MEMBERSHIP ... e e e 53
R EFEREN CES . ... e e 55

- 190 -



Introduction

1. Primary Production and Processing Standards

Since June 2002, Food Standards Australia New Zealand (FSANZ) has had responsibility for
developing national food safety requirements that cover all parts of the food supply chain —
an integrated paddock-to plate approach. To this effect, FSANZ has been developing
primary production and processing standards for identified industry sectors for inclusion in
the Australia New Zealand Food Standards Code (the Code).

A primary production and processing standard is a set of obligations on primary producers
and processors of food commodities. These obligations include measures to contrel food
safety hazards that could occur during the production and processing of agricultural produce.
Such measures may include requirements for:

control of inputs

premises and equipment
health and hygiene

skills and knowledge
storage and transportation
traceability

Primary production and processing standards are incorporated into Chapter 4 of the Code
and apply in Australia only. Along with other standards in the Code they provide an approach
to managing food safety and suitability’ in Australia that extends from production on the farm
through to sale to the consumer. The process for developing such standards takes into
account existing food safety requirements implemented by the sector, including any existing
regulations (e.g. State legislation), industry codes of practice or guidelines and accredited
food safety systems.

To date, FSANZ has developed primary production and processing standards for the
seafood and dairy sectors and is currently assessing and developing standards for the
poultry meat, and egg sectors. Work has also begun on meat and meat products.
Concurrently, there have been preliminary scoping activities looking at the area of plants and
plant products (e.g. fruit, vegetables, nuts, seed sprouts, fresh cuts) to consider how best to
progress work on such a wide range of plant commodities. During this process the
production of seed sprouts® has been identified as an area of public health concern (two
outbreaks of food-borne illness in Australia were attributed to the consumption of seed
sprouts in 2005-2006). Consequently FSANZ is now considering the development of a
primary production and processing standard for seed sprouts.

A Standard Development Committee (SDC) consisting of representatives from the industry,
retail, government regulators and consumers has been established by FSANZ to advise on
this standard development Proposal.

! The term ‘unsafe and unsuitable’ covers hazards that could affect the health of consumers as well
as levels of contaminants and residues which, while not unsafe, are in excess of the limits in the
Code.

? Seed sprouts are sprouted seeds or beans (such as mung beans, alfalfa, mustard seed, onion,
radish, soya bean etc) generally used and consumed as a salad vegetable.
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2. Seed sprouts
21 Scope

Seed sprouts are a germinated form of seeds’ that are commonly consumed raw. There is a
wide range of seeds that can be used for sprout production including (but not limited to)
alfalfa, onion, radish, broccoli, sunflower, cress, snow peas, lentils, peas and mung beans. In
Australia, bean sprouts, alfalfa sprouts (germinated lucerne seed) and show pea sprouts are
the main sprouts produced.

This Proposal will examine possible food safety measures that can be applied to primary
production and processing of green sprouts (e.g. alfalfa sprouts, onion sprouts, radish
sprouts etc.), bean sprouts (which are primarily produced from mung beans) and snow pea
shoots.

2.2 The production chain

There are two aspects to the seed sprout industry — the production of seeds and the
production of sprouts. In determining appropriate interventions across the supply chain,
Proposal P1004 will look at both the seed production sector and the sprout production
sector. The production stages tc be considered in this process are outlined below. Further
information on the industry and production processes is provided in Attachment 1.

2.2.1  Seed production

Seed production involves pre-harvest and post-harvest activities. These are presented in this
report as on farm seed production and seed processing/grading.

In general, on farm seed production involves the following steps:

. field preparation/planting

) growth (including flowering and seed setting)
. seed harvest
. storage

. transport

At each of these steps, there are handling activities, equipment and inputs (e.g. irrigation
water, fertilisers, agricultural chemicals) that need to be considered in determining possible
food safety control measures.

Once seeds are transported to seed processing facilities there are a humber of other steps
involved:

seed receipt/storage
seed cleaning
bagging

storage

transport

* This Proposal is concerned with seeds from legumes, pulses, brassicas, bulb and root vegetables,
and oilseeds such as sunflower seeds which, when sprouted, are used and consumed as salad
vegetables. Sprouted forms of cereal grains (wheat, barley, ocats etc.) which are used in the brewing
industry or in juice manufacture (e.g. wheat grass) are excluded from the scope of this Proposal.
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The handling activities undertaken, equipment used and premises/facilities for storage and
processing also need to be considered in determining possible food safety control measures
for seed production.

2.2.2  Sprout production

While there is a range of sprouted seed products, the steps generally involved in sprout
production include:

seed receipt/storage

seed disinfection

seed soaking

germination/growth

harvest

washing/drying (depending con the variety and how it is grown)
packaging

chilling/storage

transport

Given the range of seeds that can be sprouted, sprouting may occur in bins, tubs, punnets or
beds, or involve a growth medium. Temperature and humidity conditions used during
sprouting may also vary depending on the product. Possible food safety control measures
that impact on the safety of sprouts need to have regard to all steps involved, from receipt of
raw materials through to transportation of the final product to retail/wholesale.

The Problem

Seed sprouts contaminated by pathogenic micro-organisms present an unacceptable health
risk to consumers. In recent years, outbreaks of food-borne illness have been associated
with the consumption of seed sprouts both in Australia and overseas. Factors contributing to
these adverse health events include:

) the inherent nature of the product (e.g. a ready-to-eat product in which the production
process suppotts the growth of microbial pathogens if present)

) scientific uncertainty around the most effective pathogen mitigation steps

) a lack of through-chain risk mitigation measures (either regulatory or non-regulatory).

Since the most recent food-borne illness outbreaks in Australia in 2005-20086, seed
sprouters have formed an industry association and developed industry guidelines to support
the safer production of their products. However, the seed sprout industry consists of many
small* businesses and to date it has been difficult to achieve adequate coverage of the
industry and comprehensive uptake of the guidelines. The industry association has sought
government intervention and the development of regulatory measures (as appropriate) for
the industry.

In regard to chemical hazards from seed sprouts, the limited data available do not indicate
that these is a major concern for seed sprouts and, at this time, FSANZ does not consider
there is a need for this issue to be further assessed (a Chemical Evaluation of Seed Sprouts
is provided at Attachment 3).

* The Australia Bureau of Statistics (ABS) defines a small business to be any business with less than
20 employees.
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3. Public Health Risk®

3.1 Outbreaks of food-borne illness associated with seed sprouts

In the period 1288 to 2008, there have been over 40 reported outbreaks of food-borne
illness worldwide aftributed to consumption of contaminated seed sprouts. The most
commonly reported aetiological agents in these outbreaks have been various serovars of
Salmonelfa spp. and enterohaemorrhagic Escherichia coli (EHEC). Alfalfa and mung bean
sprouts have been the most commonly reported seed sprouts implicated in these outbreaks
of food-borne illness.

Most recently there have been two outbreaks of S. Oranienburg in Australia attributed to the
consumption of alfalfa sprouts. From November 2005 to January 20086, there was an
outbreak in Western Australia with 125 cases of salmonellosis reported, resulting in 11
hospitalisations. In May 2006, another outbreak of S. Oranienburg was reported in Victoria,
with a total of 15 cases and two hospitalisations.

Outbreaks of food-borne illnesses are sporadic and unpredictable. An estimation of the cost
of food-borne illness resulting from consumption of contaminated seed sprouts cannot be
generated as an annual figure because of the sporadic and infrequent nature of such
outbreaks. In this Proposal, the potential cost of adverse health consequences due to
consumption of contaminated seed sprouts is estimated using the 2005-2006 outbreak data.

It has been estimated that for every one reported case of food-borne illness in the
community there are 9 unreported cases®. Taking this underreporting into account, up to
1320 cases of salmonellosis may have been associated with the consumption of
contaminated sprouts in \Western Australia and Victoria during 2005-2006. When the
productivity, welfare and medical costs are taken into consideration, this translates to an
estimated social cost of $AUD11.60 million’.

3.2 Factors contributing to risk

Epidemiological investigations suggest contaminated seed is the likely source of most, if not
all, sprout-associated outbreaks.

Seeds and beans used for sprouting are raw agricultural products. During production in the
field or during storage and conditioning, they may be exposed to pathogenic bacteria from a
variety of sources such as contaminated soil, water, animal manure (grazing animals or
applied as fertiliser), farming and processing equipment, rodents, insects, wild birds, and
agricultural waste. There is, however, little specific data on how seeds used for sprouting
become contaminated with pathogens during production or the relative contribution of
potential sources of contamination.

If pathogenic bacteria are present on the seed or in the sprouting environment, the
environmental conditions applied during the sprouting of seeds (moist conditions at
temperatures of 20-30 °C) become ideal for their exponential growth. Therefore, even with
very low initial numbers of pathogenic bacteria, there is the potential for pathogens to grow
rapidly to high numbers during the sprouting process.

® The information provided in this section is sourced from a Microbiclogical Evaluation of Seed
Sprouts provided at Attachment 2.

® Hall G. et al. (2005) Estimating focd-borne gastroenteritis, Australia. Emerging Infectious Diseases
11(8): 1257-1264.

" Refer to Attachment 4 for cost estimation.
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As sprouts are a raw ready-to-eat product, there are no terminal processing steps (such as
heat treatment) that can then be applied to eliminate any pathogenic micro-organisms that
may be present. This means that the control of potential hazards must start with the seed
itself and consider what measures can be implemented to reduce the likelihood of pathogens
being present on seeds and during sprout production — a through-chain approach from seed
production to seed sprouting.

3.3 What controls are effective?

Seed sprout safety has been assessed internationally by a number of countries and through
forums such as the Codex Alimentarius Commission (Codex)®. Codex has developed a
Code of Hygienic Practice for Fresh Fruits and Vegetables (CAC/RCP, 2003) which includes
an annex specific to sprout production (ANNEX Il Annex for Sprout Production). In general,
these documents highlight the importance of implementing relevant Good Agricultural
Practices for seed production and Good Manufacturing Practices for sprout production to
minimise the presence of hazards. In addition there are three specific measures which have
been identified for minimising risk:

) testing of seed lots for microbial pathogens

. microbiological decontamination of seed (seed sanitation) prior to use (by, for
example, chemical treatment)

) pathogen testing of spent irrigation water.

While a number of scientific investigations (particularly in relation to seed sanitisation) have
been undertaken around these control measures, and are described in Attachment 2, there
is uncertainty and variability in terms of what is or should be achieved by them. Further

examination of these measures will take place during the second assessment of the
Proposal and in light of any additional information received during the public consultation.

4 Existing Requirements
4.1 Regulatory®
4.1.1  Australia New Zealand Food Standards Code

4.1.1.1 Chapter 3 — Food Safety Standards

Standards 3.2.2 - Food Safety Practices and General Requirements and 3.2.3 - Food
Premises and Equipment set out specific requirements for food businesses, food handlers
and the food premises and equipment with which they operate to ensure the safe production
of food. The Chapter 3 Food Safety Standards apply in Australia only and apply to all food
businesses involved in the handling of food intended for sale but specifically do not apply to
primary food productionm. Where food safety requirements are required for primary
production activities they are developed as primary production and processing standards in
Chapter 4.

¥ The Codex Alimentarius Commission is the international body that develops food standards,
guidelines and related texts such as codes of practice under the Joint FAO/MMHO Food Standards
Programme.

? A more detailed summary of existing regulatory measures is provided at Attachment 5.

10 Primary food preduction means the growing, cultivation, picking, harvesting, collection or catching
of food and includes transportation or delivery, and the packing, treating (such as washing) or storing
of food on the premises on which it was grown, cultivated, picked etc.
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Seed producers are primary producers under the definition in the Code. In regard to sprout
producers, while their growing and processing operations may involve a number of the food
handling activities generally undertaken by food businesses (storing, cooling, and
packaging), they also meet the definition of primary food production and Chapter 3
requirements have not been applied to them.

4.1.1.2 Chapter 1 — General Food Standards

The food standards in Chapter 1 apply to all food sold or traded at retail and wholesale level
in Australia and New Zealand (except Standards 1.6.2 and 1.4.2 that apply to Australia only).
These standards include labelling requirements; the maximum permitted levels for additives,
processing aids, contaminants and natural toxicants; Maximum Residue Limits for
agricultural and veterinary chemical residues; requirements for articles and materials in
contact with food; and microbiological limits for food.

A microbiological limit has been set specifically for seed sprouts (described as cultured
seeds and grains) in Standard 1.6.1 where Salmonelia should not be detected in 25 g.

4.1.2  State-based requirements

As both seed and sprout producers are considered primary food producers under State and
Territory Food legislation, any regulatory measures applying to them would need to have
been developed under State or Territory primary production legislation (in lieu of any
standards in Chapter 4 of the Code). To date, NSW'' is the only jurisdiction to have
developed requirements for sprout producers under the NSV Food Safety Scheme
legislation. This essentially requires seed sprout businesses in NS\W to:

) develop and implement an audited Food Safety Program (HACCP plan)
) verify their Food Safety Program through pathogen testing (spent irrigation water)

) have support programs, which may include a maintenance program, approved supplier
program, cleaning and sanitation program, pest control program etc.

These requirements for sprout producers in NSW were introduced in 2005 and only apply to
the production of sprouts, not the growing of seeds.

4.1.3  Export requirements

Seed producers'? who export seeds are regulated by the Export Control Act 1982, certain
provisions of the Export Control (Prescribed Goods- General) Orders 2005, and the Export
Control (Plants and Plant Products) Orders 2005.

Exporters must meet both the requirements of relevant export legislation and any importing
country requirements ™ for the Australian Quarantine and Inspection Service (AQIS) to
provide the necessary documentation to enable products to be exported.

" NSW Food Authority

"2 The term ‘seed producers’ is also covering businesses that purchase seed from producers and
Prooess it (clean it, export it etc- but does not cover sprout producers)

*PHYTO is AQIS's plant and plant product export conditions database which contains information
about the conditions to export plants and plant products, including fruit, vegetables, seeds, grains, cut
flowers and timber from Australia.
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Mung beans are prescribed goods for the purposes of the export legislation regardless of the
intended end use of the beans. Mung beans for export must be prepared for export and
presented for inspection at a registered establishment (that complies with the General
Orders and meets the specific requirements for example, structural, operational and hygiene
requirements of the Plants and Plant Products Export Control Orders). Exporters must notify
the intention to export and the mung beans and transport arrangement must be inspected.
The beans must be free of pests, live animals, animal carcasses and animal droppings and
must meet any other phytosanitary requirements of the importing country. Export certification
will be provided if requirements are met but this not intended to provide assurance of the
suitability of the mung beans for consumption.

AQIS of the Department of Agriculture, Fisheries and Forestry is responsible for enforcing
the export legislation.

4.2 Industry measures
4.2.1 Seed producers

Mung bean producers have formed an industry association (Australian Mungbean
Association) that comprises all sectors of the mung bean industry. An industry Code of
Hygienic Practice for Whole Mung Beans' has been developed and is promoted by the
Australian Mungbean Association as a minimum standard with which the industry should
comply. The mung bean Code of Hygienic Practice covers:

. hygiene requirements on the farm and during transport to the mung bean grading
establishment

) design and facilities of the mung bean processing establishment

. hygienic requirements for the mung bean processing establishment

) hygienic processing requirements in the mung bean processing establishment
. storage and transport of the end-product

) reference sampling of finished product.

Lucerne producers have also formed an industry association (Lucerne Australia) to
represent all sectors of the lucerne industry. Lucerne seed is primarily grown as a non-food
crop for pasture. However, as lucerne seeds have been used to produce alfalfa sprouts, and
problems with contaminated lucerne seeds have been raised, microbiological testing
(coliforms, E. coli, Salmonella, Listeria monocytogenes) of seed lots has been implemented
by some lucerne seed producers and/or processors. Additionally, growers have been
investigating on-farm measures they can implement to minimise contamination of lucerne
seeds by microbial pathogens on-farm.

4.2.2  Sprout producers
The production of seed sprouts in Australia is a relatively small industry undertaken by small,

often family owned businesses (there are approximately 30 sprout producers located
throughout Australia). Historically, they have had no industry association or representation.

" Code of Practice is available on the Australian Mungbean Association website at:
http:/Awww . mungbean.org. aufoodsafetyandhygiene. html
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Following the Salmonella outbreak in Australia in 2005-2006 attributed to seed sprouts,
sprout producers have formed an industry association™ and in consultation with State
jurisdictions, have developed a set of industry guidelines to suppoert the safer production of
seed sprouts. Currently, this Association represents just over half of the industry.

The Guidelines prepared by the Australian New Zealand Sprout Producers Association
categorise sprouts into four risk categories:

Category A — alfalfa

Category B — all others including sunflower

Category C — show pea shoots/sprouts

Category D — sprouts/shoots grown using a growing medium

The guidelines essentially specify seed sanitisation, sampling and microbiological testing
protocols for each category, with an overarching requirement for the business to implement
a HACCP based food safety program. Uptake of these guidelines is voluntary. There are
currently no certification mechanisms for demonstrating compliance.

423 Retailers

One large retailer has developed produce specifications for seed sprout products supplied to
it. While these specifications cover a number of quality attributes, they also cover safety and
generally specify microbiological limits (generally for E. coli, Listeria monocytogenes and
Salmonelfa) and criteria for Use By Dates (e.g. not to exceed a certain number of days from
date of packaging). VWhere sprout businesses supply product under the retailer's own label,
they must be accredited and audited against food safety and quality management schemes
such as Woolworths Quality Assurance (\WQA), Safe Quality Food (SQF) 2000 and BRC
(British Retail Consortiumy). Currently only one supermarket chain supplies seed sprout
products (not alfalfa sprouts) under its own label.

Objectives
5 Objective of the Proposal

The overall objective of government action is to minimise adverse health effects associated
with the consumption of seed sprouts.

51 Process for achieving the objective

This Proposal will assess the need for and identify any appropriate through-chain control
measures (regulatory and non-regulatory) that can be implemented nationally by industry to
maximise the safety of seed sprouts. Possible regulatory and or non-regulatory options are
identified in Section 6.

FSANZ uses an internationally agreed risk analysis approach to inform its regulatory
decision-making processes. The risk analysis approach'® includes an assessment of the
main hazards associated with this product and the factors along the supply chain that impact
on the presence or level of that hazard. This will inform what control measures are needed
and the extent to which potential hazards can or cannot be managed at steps in the chain to
minimise public health risks.

"% Australian New Zealand Sprouters Association
'® |nformation on the risk analysis framework in which FSANZ operates is available on the FSANZ
website at: www.foodstandards gov. au/aboutfsanz/scientificcapabilities/riskanalysis.cfm
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Risk management considers how the hazards identified by the scientific assessment are
currently being managed (outlined in Section 4), whether there are any gaps that need to be
addressed and what interventions are needed to address them. This has involved
undertaking an audit of existing control measures that have been developed for seed and
sprout producers (domestic and international). FSANZ will now assess how best these
control measures can be met, be integrated into a set of nationally consistent approaches,
and implemented through the options identified below.

5.2 Constraints

521 FSANZ Act

Where regulatory interventions are required (e.g. by developing or varying a food standard),
FSANZ is required by its legislation to meet three primary objectives which are set out in
section 18 of the FSANZ Act. These are:

. the protection of public health and safety; and

) the provision of adequate information relating to food to enable consumers to make
informed choices; and

) the prevention of misleading or deceptive conduct.
In developing and varying food regulatory measures, FSANZ must also have regard to:

) the need for standards to be based on risk analysis using the best available scientific
evidence;

) the promotion of consistency between domestic and international food standards;
) the desirability of an efficient and internationally competitive food industry;

. the promotion of fair trading in food; and

) any written policy guidelines formulated by the Ministerial Council.

5.2.2  Policy guidelines

The Australia and New Zealand Food Regulation Ministerial Council (Ministerial Council)
developed an Overarching Policy Guideline on Primary Production and Processing

Standards. This policy guideline specifies a number of high order principles for primary
production and processing standards outlining that they will:

) be outcomes-based

) have a consistent regulatory approach across the Standards

. be consistent with the approach outlined in Chapter 3 of the Code
) be consistent with Codex standards

. address food safety across the entire food chain where appropriate
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. facilitate trade and comply with Australia’s obligations under World Trade Organization

(WTO) Agreements

) promote consumer confidence

) ensure the cost of the overall system should be commensurate with the assessed level
of risk

. provide a regulatory framework that only applies to the extent justified by market
failure.

Any regulatory measures developed should be commensurate with risk and not impose any
unnecessary additional economic burden on the sprout industry.

Options
6. Risk management options

In order to decide the most effective and efficient approach for achieving the objectives
stated in Section 5, FSANZ must consider various risk management options. These options
include the Stafus Quo (the situation if no action is taken) as a comparative measure against
appropriate regulatory (government) and non-regulatory (industry) approaches. The options
identified for Proposal P1004 (covering both seed and sprout production) are outlined below.

6.1 Option 1 - Self-regulation

A self-regulatory approach requires food or primary production businesses to be able to
implement and enforce (e.g. through certification schemes) industry guidelines or codes of
practice aimed at improving the safety of seed sprouts.

The success of such an appreoach needs strong industry wide commitment and evidence that
voluntary participation can work through, for example, the ability to apply sanctions or
incentives (such as using a product logo which demonstrates compliance with a food safety
scheme) to achieve maximum participation. Under this option industry would be responsible
for enforcement and there would be no government applied food regulatory measures.

6.2 Option 2 — Status Quo

Option 2, the Status Quo, is largely characterised by the current requirements outlined in
Section 4 which reflect a mixture of regulatory and self-regulatory approaches developed for
different pockets of the production chain of seed sprouts. Under the Stafus Quo there is no
nationally consistent set of food safety control measures for sprout production.

6.3 Option 3 - Food regulatory measures

Option 3 involves the development of food safety regulatory measures in the Code {which
may be supported by self-regulatory measures). These measures would apply to sectors in
the production chain (on-farm seed production, seed processing, and sprout production)
where cost benefit analysis can demonstrate such measures are commensurate with risk
and are cost effective. Such requirements would be subject to the impact analysis which will
evaluate the costs and benefits accruing to all stakeholders.
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Option 3 may result in a combination of regulatory and non-regulatory measures. For
example, regulatory measures could be introduced to control specific activities that pose the
greatest risk with voluntary or self-regulatory measures helping to support these controls.

Any regulatory measures developed would be included in a primary production and
processing standard in Chapter 4. If warranted, additional measures could be included such
as specific labelling requirements or microbiological limits in other Chapters of the Code.

The role of consumer education to maximise seed sprout safety will be explored within this
option.

Impact analysis

The Assessment reports on this Proposal will provide information to comply with the Council
of Australian Governments (COAG) requirements for regulatory impact analysis. FSANZ will
continue to consult with the Australian Government’s COffice of Best Practice Regulation on
meeting these requirements.

The preferred option decided through the assessment of Proposal P1004 will be based on
an analysis that considers:

. who is affected by the problem and the proposed solution

) scientific evaluation of the risks

. efficacy and practicality of risk mitigation measures (control measures) identified

) costs and benefits to affected parties of the interventions associated with each option.
7. Consultation and communication

7.1 Consultation

The FSANZ process for the development of a standard involves a consultative and
transparent process that reaches the industry concerned, State and Territory Government
enforcement agencies, as well as consumers. A SDC is established for each primary
production and processing standard with representatives from the industry sector, the
relevant State and Territory government agencies and consumer organisations to provide
ongoing advice to FSANZ throughout the standard development process. The SDC
contributes a broad spectrum of knowledge and expertise covering industry, government,
research and consumers (a list of SDC members for this standard development Proposal is
provided at Attachment 7). In addition, targeted consultations have been undertaken with
seed producers/processors and seed sprout producers through on-site visits to glean first
hand perspectives and information from these parties. Additional targeted consultations will
be undertaken throughout the standard development process as required.

This Report has been developed in consultation with the SDC and provides the first
opportunity, in accordance with FSANZ statutory consultation processes, for stakeholders to
comment on and supply information to FSANZ in regard to Proposal P1004.

7.2 Communication

As the assessment of Proposal P1004 proceeds, FSANZ will report its progress on its
website at
http://www.foodstandards.gov.au/standardsdevelopment/proposals/proposalp1004primary43
61.cfm.
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Organisations or individuals with an interest in this Proposal can seek to have their names
listed as an interested party by emailing the Standards Management Officer at

standards.management@foodstandards.gov.au their full contact details.
8. Affected parties

Parties that have been identified as being affected by this Proposal include: industry
(including those involved in seed production, sprout production and retail of seed sprouts),
consumers of seed sprouts, State and Territory Governments, and member nations of the
World Trade Organization (\WTO).

8.1 Industry
81.1 Seed production

Seed production includes the growing and cleaning/grading of seed. Therefore, both growers
and seed processing establishments may potentially be affected by this Proposal. In
considering impacts on these parties, FSANZ has consulted and will continue to consult
(through the SDC and targeted consultation as required) with:

) associations representing grower and processor interests such as Lucerne Australia
and the Australian Mungbean Association

) seed processors such as Booborowie Seed Pty Ltd and Keith seeds.
8.1.2  Sprout production

The seed sprout industry consists of mainly small businesses (around 30 businesses known
to FSANZ located throughout Australia). An industry association has been established
(Australian New Zealand Sprouters Association) and FSANZ has consulted and will continue
to consult (through the SDC and targeted consultation as required) with the members and
other sprout producers in assessing impacts on this sector.

813 Wholesalers and Retail

While seed sprouts may be distributed directly to retail outlets from seed sprout businesses,
a large proportion is distributed via fresh food wholesale markets.

Some supermarkets have implemented requirements for seed sprouts, particularly for their
own brand products. While this is an issue of market access and the impacts on the retail
sector may not be assessed directly, any implications on the existing arrangements and
requirements will be considered in the cost benefit analysis.

8.2 Consumers

People generally consume seed sprouts because of health and culinary factors (e.g. the use
of bean sprouts in Asian dishes). There is also ‘indirect’ consumption of seed sprouts where
they are incorporated in dishes as a garnish.

There is very limited Australian or international information on the extent of sprout

consumption. Data from the 1995 National Nutrition Survey (Australia) indicates that, at that
time, approximately 4% of respondents consumed seed sprouts.
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Alfalfa sprouts were consumed most frequently whereas bean sprouts were consumed in the
largest quantities. Since that time the range of seed sprout products has grown as has their
availability at retail outlets and use by the food service sector.

To minimise adverse health effects associated with seed sprout consumption, this Proposal
will include assessing the impacts on consumers of seed sprouts who may be considered at
higher risk from food-borne illness, such as the very young, the elderly and the
immunocompromised as well as the general population.

8.3 Government

Currently only NSW (NSW Food Authority) has developed and implemented specific
regulatory requirements for seed sprout businesses. Any change from the status quo will
mean State and Territory jurisdictions may need to consider implementation and
enforcement costs associated with the specific application of possible food regulatory
measures for the seed sprout sector developed as a result of this Proposal.

8.4 World Trade Organization notification

As members of the WTO, Australia and New Zealand are obligated to notify VWTO member
hations where proposed mandatory regulatory measures are inconsistent with any existing
or imminent international standards and the proposed measure may have a significant effect
on trade.

This issue will be fully considered during the further assessment of the Proposal and, if
necessary, notification will be recommended to the agencies responsible in accordance with
Australia’s obligations under the WTO Technical Barriers to Trade (TBT) or Sanitary and
Phytosanitary Measures (SPS) Agreements. This will enable other WTO member countries
to comment on proposed changes to standards where they may have a significant impact
upon them.

FSANZ invites comment and information in relation to the parties that may be affected by
this Proposal.

9. Scientific evaluation of the risk

In deciding the preferred option to achieve the Objectives identified for this Proposal, an
assessment of the possible measures to mitigate public health risks posed by consumption
of seed sprouts will be undertaken. This will include:

) examining the scientific evidence that identifies the main hazards associated with seed
sprouts and the factors along the supply chain that impact on the presence or level of
that hazard

) assessing the factors that impact on the presence or level of these hazards in order to
identify what control measures are needed and the extent to which potential hazards
can or cannot be managed at steps in the chain to minimise public health risks.
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9.1 Scientific/Risk Assessment
9.1.1  Microbiological hazards

A review of the scientific literature has been undertaken to identify and elaborate the public
health risks associated with seed sprouts (Attachment 2) covering:

. outbreaks of food-borne illness associated with seed sprouts
) prevalence and levels of pathogens in seed sprouts

. the potential for pathogen contamination and/or proliferation during seed production
and seed sprouting.

From reports of outbreaks of food-borne illness associated with seed sprouts, the main
hazards identified have been Salmonella spp. and enterohaemorrhagic E. coli (EHEC).
Surveys of sprouts have also demonstrated contamination by L. monocytogenes, coagulase-
positive staphylococci, and Bacillus cereus.

Between 1988 and 2008, there have been over 40 reported outbreaks worldwide attributed
to consumption of seed sprouts contaminated by pathogenic micro-organisms. The most
commenly reported aetiological agents in these outbreaks have been various serovars of
Salmonella spp. and EHEC. Alfalfa and mung bean sprouts have been the most commonly
reported seed sprouts implicated in outbreaks of food-borne illness.

An outbreak due to S. Oranienburg occurred in Western Australia during November 2005 —
January 2006 that was epidemiologically linked to consurption of alfalfa sprouts. This was
later confirmed microbiologically, with S. Qranienburg being isolated from the implicated
alfalfa sprouts. A total of 125 cases of salmonellosis were reported, resulting in 11
hospitalisations. In May 2006, another outbreak of S. Oranienburg was reported in Victoria,
with a total of 15 cases attributed to consumption of alfalfa sprouts. In the latter outbreak, S.
Oranienburg was isolated from the implicated alfalfa sprouts as well as from seed obtained
from the sprouting facility. Molecular typing of the S. Oranienburg isolates from both the
Victorian and Western Australian outbreaks showed indistinguishable patterns by pulsed
field gel electrophoresis (Pers. Comm. Martyn Kirk, OzFoodNet, 23 April 2009). Trace back
of seeds associated with these outbreaks found that seed originated from the same
Australian state but from different seed suppliers.

Surveys conducted by various Australian State and Territory Governments between 2000
and 2008 have found occasional contamination of seed sprouts with pathogenic
microorganisms. Potential microbiological pathogens detected include Salmonella spp.,
EHEC, L. monocytogenes, coagulase-positive staphylococci, and B. cereus (Attachment 2).

9.1.2  Factors that impact on the presence or level of microbiological hazards

Seeds grown for sprouting are raw agricultural products, and as such, may be exposed to
microbiological pathogens from a variety of sources. These sources include soil, water,
animal manure (grazing animals or manure applied as fertiliser), farming equipment, rodents,
insects, wild birds and agricultural wastes (Attachment 2). Studies have found that, once
attached to seeds, pathogens such as Salmonella and EHEC can survive for long periods of
time under normal seed storage conditions. Contamination of seed with pathogens is
considered to be sporadic and at low-levels, with concentrations of 1-100 MPN per kg of
contaminated seed being reported in the literature.
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Conditions during the sprouting of seeds (temperatures of 20-30°C, presence of water and
availability of nutrients) permit the rapid growth of microorganisms if they are present.

To minimise and/or eliminate the potential for pathogen growth during sprouting, seeds are
often sanitised prior to germination. There have been extensive investigations into the
efficacy of sanitisation in reducing levels of pathogenic micro-organisms in contaminated
seeds. Consensus amongst the scientific literature is that sanitising reduces, but does not
necessarily eliminate pathogens from contaminated seed. Most seed sprouts are consumed
raw and will therefore not receive any form of heat treatment prior to consumption.

9.1.3 Chemical hazards

Chemical hazards such as residues of agricultural and veterinary chemicals on seeds and
beans, contaminants, processing aids, food additives and packaging material which are
likely to be associated with seed sprouts, have been reviewed. The details of this review can
be found in Attachment 3 to this report.

There are limited data currently available but these data do not indicate that chemical
hazards are a major concern for seed sprouts.

9.1.4  Facfors that impact on the presence or level of chemical hazards

Based on the available information, the current regulatory measures, including those in the
Code, are considered adequate with respect to managing chemical hazards in seed sprouts.
At this time and subject to any further data becoming available, FSANZ does not consider
that there is a need for this issue to be further assessed under this Proposal.

FSANZ invites comment and information in relation to the scientific evaluation of the risks
associated with seed sprouts.

10. Risk mitigation (control) measures

A number of guidelines and codes of practice have been developed internationally for seed
sprout production including'’:

) Codex Code of Hygienic Practice for Fresh Fruits and Vegetables — Annex Il Annex for
Sprout Production

) Canadian Code of Practice for the Hygienic Production of Sprouted Seeds

) Reducing Microbial Food Safety Hazards for Sprouted Seeds — Guidance for Industry
(US FDA)

) Code of Practice for Food Safety in the Fresh Produce Supply Chain in Ireland
(Chapter 4: Microbiological Safety of Sprouted Seed Production).

In Australia, specific food safety measures have been applied in NSW to seed sprout
businesses under the NSW Food Safety Scheme legislation, and voluntary guidelines have
been developed for the industry in South Australia by Primary Industries and Resources SA.

' A summary of international guidelines/ codes of practice is provided at Attachment 6
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A review of the control measures specified by these documents has been undertaken to
identify what is considered best practice for sprout production.

The main control measures identified in these guidelines/codes of practice to prevent or
eliminate microbial pathogen contamination in sprouted seeds are outlined in Table 1.

These control measures are generally supported by the scientific evidence and three specific
control measures for sprout production have been identified:

) the testing of seed lots for microbial pathogens

) microbiological decontamination of seed (seed sanitisation) prior to use (by, for
example, chemical treatment)

. pathogen testing of spent irrigation water.
The next stage of this standard development Proposal will look at any issues around the

effectiveness, practicality and feasibility associated with these controls to determine how
best they can be met and implemented.

FSANZ invites comment and information in relation to the efficacy and practicality of risk
mitigation measures (control measures) identified.

Table 1: Summary of the main control measures identified within existing
guidelines/codes of practice for sprout production.

Step: Main Controls:
Seed Good Agricultural Practices in particular:
production Management of grazing animals on farm

Management of fertilizers and other inputs
Minimising damage to seed (damaged seed should not be used for sprouting)
Segregation of seed for sprouting from seed for animal feed production

Protection of seed during storage, packaging and transport from pests and environmental
contamination.

Good Hygienic Practices in particular

Sprout
production Minimise contamination from equipment and premises, sprout contact surfaces, sprout handlers
etc.

Use of potable water
Have cleaning and sanitising and pest control programs etc.

Approved seed supplier (evidence that the seed has been sourced under appropriated
production practices and is not contaminated by pathogens)

Microbiological testing of seeds to verify absence of pathogens
Seed disinfection - using approved sanitiser at correct concentration and contact time

Rinsing of final product (Use of chilled water/ use of sanitiser [2-4 ppm free available chlorine])

Testing for pathogens recommended by sampling of irrigation water (also called spent water)
collected within 48 hours from start of sprouting.

Storage and Temperature control (= 5°C)
distribution
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11. Assessment of options

FSANZ, with advice from the SDC taking into consideration submissions made on this
report, will undertake a detailed impact analysis of the costs and benefits to each affected
party posed by each option. This assessment, together with the preferred option, will be
detailed in the SECOND Assessment Report.

A preliminary assessment of the options is provided below.
11.1 Option 1 — Self-regulation

Self-regulation as a sole option across all sectors of the seed sprout industry is not
considered viable. This is reflected by the fact that significant efforts invested by the
Australian government through the Implementation Sub-Committee in the past three years
have made very little progress in getting sprout producers to self-regulate. As described in
the problem section, the Australian New Zealand Sprouters Association has met with
difficulties in having its guidelines for safe production of sprouts taken up by the producers
and has subsequently sought government intervention and the development of regulatory
measures (as appropriate) for their industry.

Despite this, self-regulatory measures developed by the industry may be utilised to
supplement the regulatory approach outlined under Option 3 and an analysis of the
feasibility of such an approach will be undertaken during the preparation of the Second
Assessment Report for this Proposal.

11.2 Option 2 — Status Quo
Status Quo refers to the situation if no action is taken.

Other than the government effort to facilitate industry self-regulation and the development of
draft guidelines for safe production of seed sprouts by the Australian New Zealand Sprouters
Association, little change in improving the safety of seed sprouts has occurred nationwide
since 2006 (except in NSW where there is a food safety scheme for seed sprouts). This
indicates that sfatus guo is unlikely to be a viable option.

FSANZ assessed the economic impact of possible adverse health consequences of
supplying unsafe seed sprouts to Australian consumers. The FSANZ evaluation estimated
that community costs due to food-borne illness arising from consumption of pathogen
contaminated seed sprouts could be in the range of $AUD11.60 million based on the 2005-
2006 outbreak data (see Attachment 4). This cost estimate did not taken into consideration
of possible costs to industry and government such as loss of reputation, closure of business,
loss of employment, fines and food recall costs.

11.3 Option 3 — Food Safety Regulations

In relation to Option 3, FSANZ is seeking input from stakeholders to provide cost and benefit
inforrmation in light of any potential activities that may be required under a regulatory regime
to achieve the desired food safety objectives.

As an example of information that may inform this assessment, the NSV Food Authority has
recently undertaken a microbiclogical survey of seed sprouts produced in NSW (Report on
the Microbiological Quality of Sprouts) as part of its evaluation of the NSW Plant Products
Food Safety Scheme for seed sprouts.
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In general, the results indicate that the microbiological quality of sprouts has improved'®
since requirements were implemented by seed sprout businesses in that State (a baseline
survey was undertaken in 2005), noting that the surveys cannot be compared statistically
given the relatively small number of samples taken. Information on enforcement and
compliance costs will also be useful.

In relation to seed production and processing, it is noted that current measures are largely
industry driven (apart from export requirements) with improvements in production practices
linked to market access and pricing incentives. As an example, lucerne seed producers have
been looking at possible actions they could take that may reduce the likelihood of hazards
being present. A control measure of not having livestock on lucerne paddocks for a full 12
months is estimated to add an additional cost of about $AUD1.00-1.50 to a kilogram of
seeds. However, there would be ho guarantee that the seed would reach sprouting quality
and that the additional cost incurred would be recouped (or that contamination further down
the chain would be prevented).

FSANZ invites comment and information on the costs and benefits of the proposed risk
management options from affected parties.

Conclusion

12. Conclusion

This First Assessment Report provides an opportunity for stakeholders to comment on and
supply information to FSANZ in regard to Proposal P1004.

To assist FSANZ undertake a comprehensive and informed impact analysis of the proposed
options, affected parties are encouraged to provide comment and information on the issues
raised in the report. The comments and information provided during this consultation will be
considered during the second assessment stage of the Proposal when a preferred option for
implementing national through-chain control measures for the seed sprout industry will be
proposed.

Attachments

The Seed Sprout Industry

Microbiological Hazard Evaluation of Seed Sprouts

Chemical Hazard Evaluation of Seed Sprouts

Estimated Costs of Australian Outbreaks

Regulatory Measures Applying to Seed Sprout Production in Australia
Summary of International Guidelines/Codes of Practice

SDC members

NN =

'® This determination is based on testing of hygiene indicators (£. coli).
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Attachment 1
The seed sprout industry

1. Seed Production

Seed production involves pre-harvest and post-harvest activities — from the growing of seed
through to seed processing/grading and transport. This section discusses these activities
under two main areas: on-farm production activities and seed processing.

1.1 On-farm seed production

There is a wide range of seeds that can be used for sprouting and thus a diverse range of
agricultural practices may be associated with seed production. Crops involved may have
annual or perennial production cycles and may not exclusively be grown for seed production.
For example, beans, such as mung beans and soybeans, are annual crops and the seeds
are harvested once per annum in autumn. Lucerne (alfalfa) on the other hand, is a perennial
crop and is subject to grazing or repeated harvests for hay, with lucerne seeds harvested
once per year.

The steps generally involved in seed growing are presented in a flow diagram below. As
alfalfa sprouts and mung bean sprouts are two of the main seed sprouts produced in
Australia, this section outlines the production systems used for lucerne seed (perennial crop)
and mung bean (annual crop) production.

Field preparation /
planting

Growth

Growing, grazing, i
cutting for hay and !
seed harvesting :
occur in seasonal !
i

1

1

1

1

cycles for lucerne Seed Harvest

production

Storage

A
Transport

Figure 1. The steps invalved in on-farm seed production, from planting to fransport
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1.1.1  Lucerne Production™

Lucerne is a perennial plant which has a life-span of 6-15 years depending on variety and
crop management. It is grown predominantly as a fodder crop, either grazed directly, or
made into silage or hay first. Lucerne pastures are drought-resistant perennials that produce
green feed in all seasons.

More than 80% of lucerne seed production in Australia takes place in South Australia with
the remaining occurring in NSW and Victoria (Hassall & Asscciates Pty Ltd, 2001; De Barro,
2005). Lucerne seed production within South Australia is centred in the region of Keith,
Bordertown and Jamestown. In NSW, lucerne production takes place from Howlong through
to Corowa.

The volume of lucerne seed produced in Australia varies from 4,000 to 7,000 tonnes per
year. While most of this seed is exported as pasture seed, a proportion of lucerne seed is
used to produce alfalfa sprouts for human consumption. Industry data indicates that an
estimated 300 tonnes of lucerne seeds have been used for sprout production in Australia in
2006 and approximately 600 tonnes of exported lucerne seeds (~10% of all exported seeds)
are used for sprout production in international market. With an estimated market price of
$AUDS.0 to $AUDS.50 per kilogram of lucerne seeds, the value of lucerne seeds used for
sprout production in Australia is approximately $AUD1.5 million.

1.1.1.1 Paddock management

There are a number of management strategies that may be used by growers in the

12 months prior to harvest involving grazing and hay cutting. It is common practice to allow
the grazing of animals (sheep and cattle) on a rotational basis in the period leading up to
seed harvesting. For example, paddocks may be grazed up to October-December, which
removes most of the vegetation from the paddock and encourages flowering of the plant.
Alternatively, animals may be excluded from paddocks in July-August, and the crop cut for
hay in October to early December. Therefore the amount of time that paddocks are kept free
of grazing animals prior to seed harvesting could be approximately 120-150 days or
190-220 days, depending on crop management strategy.

For irrigated lucerne production, crops may be flood irrigated between one to six times per
season, or three to ten times for spray irrigation, depending on local conditions. In Australia
lucerne seed is harvested once a year only, in February, March and April.

1.1.1.2 Harvest

The lucerne plant flowers in January—February, at which time pollination occurs and the
seed is set. Once set, the lucerne seeds develop within an enclosed seed pod, with each
pod containing up to 12 or more seeds.

Harvesting of lucerne seeds can be undertaken by two methods:

) cutting and windrow curing followed by threshing with a combine harvester; or
. chemical desiccation followed by direct harvesting of the standing crop.

Windrowing involves cutting the crop just above the crown of the plant and laying the foliage
in rows (windrows) on the ground. The plant material is allowed to dry for a number of days,
until the moisture content of the foliage falls to approximately 12-18%.

" Information on production practices supplied by Lucerne Australia
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Once the plant material is suitably dry, it is picked up using a harvester which works close to
the ground. Inevitably, the harvester will also pick up extraneous material from the ground
including soil and other potential contaminants. The plant material is then threshed inside the
harvester to separate the seed from the other material (e.g. stalks).

For direct harvesting, crops are sprayed with a chemical desiccant/defoliant, allowed to dry,
then collected using a header and harvested.

Harvested seed is generally collected in mobile field bins, which are either stored on-site or
transported to a seed processor for cleaning and packing.

1.1.2  Mungbean production

Mungbean is a specialised food crop which is cooked as whole beans, sprouted or
processed into flour. It is predominantly produced in Australia for the export market.

The bulk of mung bean production in Australia is in central and southern Queensland and
northern NSW. Production volumes vary from 30,000-50,000 tonnes annually depending on
seasonal factors, varieties cultivated and farm management practices. The crop produced is
graded as sprouting grade beans (which return the highest price per tonne), cooking grade
beans or processing grade beans.

In 2006-07 it was estimated that the Australian mung bean industry produced 38 974 tonnes
of mung beans of which 1,325 tonnes were used for sprouts. Most of Australian production
falls into processing grade (medium quality) seed.

1.1.2.1 Crop manhagement

Mungbean is a warm season annual pulse grown mostly in rotation with other crops such as
cereals. Plants have a short growth duration (75-90 days) which means that it can fit easily
into crop rotations. Sowing times vary depending on the location and variety grown.

Mungbean crops are managed with the aim of producing premium grade seed. Factors that
need to be considered to maximise the yield include:

choice of paddock (e.g. no soil variation, adequate soil moisture profile)
seed variety

time of planting

planting rates

pests and diseases

seasonal variability

Mungbeans may be grown under dry land or irrigated crop production systems.

1.1.2.2 Harvest

Mungbeans have an indeterminate flowering habit. This means that they do not have a
defined flowering period and consequently, can have flowers, green pods and black pods
present on the plant at the same time. Harvest occurs when more than 90% of pods are
mature and dry.

To minimise damage to seeds, they are harvested at seed moisture contents of 14-16%. A

desiccant is often used before harvest to kill any green leaf and the few remaining green
pods.
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Mung bean plants grow erect with few branches carrying clusters of pods (containing 8-15
seeds) near the top of plants. Pods are mechanically harvested by combine harvesters.

Following harvest beans are trucked to a grading shed where they are cleaned, graded and
bagged as soon as possible (seed processing).

1.2 Seed processing

Seed harvested from the field may contain extraneous material such as soil, weed seeds
and other debris. This is removed during seed processing, whereby the seed received from
the field is passed through a series of sieves (4-5 screens of different pore sizes) and then
further cleaned via use of a gravity table, where seeds are separated by their weight. Once
cleaned, seed is packed into 40 kg bags, or larger containers for the bulk seed market, and
stored on-site prior to shipping. Seed purchased by sprouters is generally required in 25 kg
bags.

The main steps that are generally involved are presented in Figure 2.

Receipt/Storage

v

Cleaning Sievi!’lg
Gravity table etc.

Bagging

Storage

Transport

Figure 2. The steps involved in seed processing
1.2.1  Seed Quality - Alfalfa
The accepted market quality of sowing lucerne seed is*’;

) minimum rate of germination: 85%
) minimurm normal seedling: 60%.

For sprouting purposes, sprout producers specify that seed should have a 4-day minimum
germination rate of approximately 90% and a maximum hardfabnormal/dead seed count of
approximately 10%. Germination rates are variable and seed suitable for sprouting cannot
be assured until a seed germination test is performed.

2 De Rarro, J. (20086) Presentation from Lucerne Australia, Presented at the workshop of “Food
Safety and Sprouts”, held at the Tiffins on the Park, Adelaide, 20 July 20086.
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Where there is a high hard seed count, the germination rate can be increased by scarifying
the seeds during processing or by leaving seed in storage. Scarification is a process
whereby the seed coat is broken or scratched. This makes it permeable to water and gases
and thus aids germination. During seed processing this can be achieved by a mechanical
process using spinning abrasive discs against which seed is dropped then collected.

Seeds used for production of seed sprouts are largely grown and processed in Australia.

2. Sprout production

Seed sprouts can generally be subdivided into three groups:

) green sprouts (e.g. alfalfa sprouts, onion sprouts, radish sprouts)
) bean sprouts/bean shoots (produced primarily from mung beans)
) shoots and grasses (e.g. show pea shoots, wheat grass).

The scope of this proposal is green sprouts, bean sprouts and snow pea shoots.
21 Sprout producers

The seed sprout industry consists of approximately 30 small businesses located throughout
Australia. Around two thirds of these businesses have been in operation for 16 years or
longer with many being family owned and operated. \While the majority of sprout businesses
produce a range of products, a number of operations are single product producers (e.g.
producing just bean sprouts or snow pea sprouts).

The sprouting industry has an annual turnover of approximately $AUD30 miillion, employing
approximately 300 people and producing more than twelve product lines. One of the largest
sprout production businesses has a turnover of approximately $AUDS5.5 million per annum.

Mungbean sprouts are the predominant product (by volume) produced followed by snow pea
sprouts and then alfalfa sprouts.

2.2 Sprout growing

Methods used for the germination and growth of seed sprouts, including water cycles used,
vary depending on the type of sprout being produced and the size/sophistication of the
sprouting operation. The basic process involves applying water to seeds and placing them in
a warm humid environment for a period of 1-14 days. Sprouting may take place in
temperature-controlled environments, which maintain air temperatures at 20-30°C, or at
ambient termperatures. Once the sprout has reached the size required it is harvested, chilled
and packaged ready for storage and distribution. The typical production steps undertaken
are outlined in Figure 3 and discussed further below.
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Figure 3. Typical production steps during production of seed sprouts
2.2.1  Seed disinfection

Prior to sprouting, seed should be washed to remove any dirt or debris. It is then
recommended that seeds are treated with an antimicrobial agent, such as chlorine, prior to
the sprouting process. Recommended seed disinfection regimes vary, however a treatment
of 20,000 ppm calcium hypochlorite has been commonly suggested for alfalfa seed.

Following seed disinfection the seed is again rinsed to remove the antimicrobial agent used.
2.2.2  Pre-germination soak

Soaking is undertaken to improve germination. Seed is commonly soaked in potable water
for 3 to 10 hours (depending on seed variety) at ambient temperature. Sufficient quantities of

water need to be used during the soaking process as seed swells and may double its
volume during this time.
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2.2.3  Germination/Growth
The sprout growing process varies depending on the variety of seed being germinated and
the sophistication of the sprouting operation. Examples of typical protocols for alfalfa

sprouts, bean sprouts and snow pea shoots are outlined below.

2.2.3.1 Alfalfa sprouts

Alfalfa sprouts (including mixes) may be grown in large rotating drums/ tumblers (for larger
operations) or in trays or punnets over a 3-8-day period. The sprouts are continually watered
during this time and runoff water (spent irrigation water) removed. For businesses that have
temperature controlled rooms, the temperature for growth is kept at 18-21°C and the
irrigation water at 20-22 °C.

2.2.3.2 Bean sprouts and shoots

Bean shoots are generally grown in bins, buckets or on beds over a 5 to 6 day period to
allow for shoot development. In large scale operations, bean sprouts are grown in
temperature controlled rooms at 20-28 °C. Water is generally applied every 1-2 hours.

Shorter ‘crunchy’ style bean sprouts are grown under similar conditions to bean shoots but
for only a 24-48 hour period.

2.2.3.4 Snhow pea shoots

Snow pea shoots are generally grown in containers, using soil/compost mix or other
medium. They are usually grown in green houses, particularly once the seed has
germinated, to provide sufficient light and water requirements for growth. Snow peas are
grown over an 8-12 day period, depending on the shoot and leaf development required.

2.2.4 Harvest, packaging and storage

Seed sprouts are generally harvested by hand once they have reached the desired size
(some mechanical harvesting of bean shoots may occur in large scale operations). For
green sprouts and bean sprouts/shoots, the whole product is collected. For show pea shoots
the product is cut away from the seed and root development. Some products may be grown
in punnets and not require harvesting per se.

Green and bean sprouts are generally washed before packaging, often using cooled water to
start chilling the product before storage. Water is drained away (spinning or shaking may be
used to help dry off product) before product is hand packaged inte plastic punnets/tubs or
bags.

Packaged product is placed into cool rooms (<5°C) and stored and transported at
refrigeration temperatures.
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Attachment 2
Microbiological hazard Evaluation of seed sprouts

1. Outbreaks of food-borne illness associated with seed sprouts

Between 1988 and 2008 there have been over 40 reported outbreaks worldwide attributed to
consumption of contaminated seed sprouts (Appendix 1). The most commonly reported
aetiological agents in these outbreaks have been various serovars of Salmonelfa spp. and
enterohaemorrhagic E. coli (EHEC). B. cereus and Yersinia enterocolitica have also been
responsible for outbreaks of food-borne illness associated with seed sprouts (Portnoy et al.,
1976; Cover and Aber, 1989). Alfalfa and mung bean sprouts have been the most commonly
reported seed sprouts implicated in outbreaks of food-borne illness.

The majority of sprout-associated outbreaks have been reported in the United States,
however, outbreaks have also occurred in Canada, Sweden, Finland, Denmark, United
Kingdom, Japan and Australia. The largest reported outbreak occurred in Japan in 1996,
with over 10,000 notified case and was attributed to consumption of radish sprouts
contaminated with £. cofi O157:H7 (Michino ef al., 1999; Watanabe ef a/., 1999).

An outbreak due to S. Oranienburg occurred in Western Australia during November 2005-
January 20086 that was epidemiologically linked to consurmption of alfalfa sprouts. This was
later confirmed microbiologically, with S. Oranienburg being isolated from the implicated
alfalfa sprouts. A total of 125 cases of salmonellosis were reported, resulting in 11
hospitalisations.

In May 2006, another outbreak of S. Oranienburg was reported in Victoria, with a total of 15
cases attributed to consumption of alfalfa sprouts. In the outbreak, S. Oranienburg was
isolated from the implicated alfalfa sprouts as well as from seed obtained from the sprouting
facility. Molecular typing of the S. Oranienburg isolates from both the Victorian and Western
Australian outbreaks showed indistinguishable patterns by pulsed field gel electrophoresis
{(Pers Comm. Martyn Kirk, OzFoodNet 23 April 2009). Trace back of seeds associated with
these outbreaks found that the seed originated from the same Australian state but from
different seed suppliers.

A number of contributing factors have been identified in reported sprout-associated
outbreaks. In the US, a multi-state outbreak of S. Mbandaka associated with alfalfa sprouts
occurred in Oregon, Washington, Idaho and California in 1999 with 89 confirmed cases (Gill
et al., 2003). The cases of salmonellosis were linked to two geographically separate sprout
growers. A single lot of contaminated seed was identified which was used by five sprout
growers during the outbreak period. Onsite investigations of the sprouting facilities
associated with cases of salmonellosis identified that no form of seed sanitising was being
employed prior to sprouting. No cases of illness were linked to the other three sprout
growers that used the same lot of seed, all of whom employed seed sanitisation

(20,000 ppm Ca(OCI); or 500 ppm NaOCI).

There have, however, been reports of sprout-associated outbreaks where seed sanitising
has been undertaken (Brooks ef al., 2001; Proctor ef al., 2001; Gill ef a/., 2003). A multi-state
outbreak of E. coli O157:NM associated with alfalfa sprouts occurred in Minnesota and
Colorado in 2003 (Ferguson et al., 2005). Trace-back investigations identified a common
seed distributor who supplied seed (originally sourced from Australia) from the same lot to
both implicated sprout growers.
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During the on-site inspection of the Minnesota sprouting facility, a number of issues were
identified that may have contributed to the outbreak including: use of lower hypochilorite
concentration for seed disinfection than that recommended by FDA (15,000 ppm rather than
the recommended 20,000 ppm for 15 min), inadequate agitation of disinfection solution, and
weekly testing of spent irrigation water rather than by production lots as recommended. No
deficiencies were identified at the sprouting facility implicated in the Colorado outbreak. E.
colfi 0157 was not detected from samples taken at the sprouting facility, although a sample
of the seed implicated in the outbreak was not available for testing.

Another multi-state alfalfa sprout-associated outbreak occurred in the US in 1999, in which
there were 157 reported cases of S. Munchen (Proctor ef al., 2001). Qutbreaks were
epidemiologically, and microbiologically, linked to sprouting facilities that sanitised seed in
20,000 ppm calcium hypochlorite {Ca(OCI),) for 15 min prior to sprouting. These outbreaks
illustrate that employing seed sanitising in isolation may not reliably prevent cases of food-
borne illness from occurring.

2. Reported prevalence and levels of pathogens/microorganisms in
seed sprouts

Microbiological surveys of seed sprouts, both domestically and internationally, have
identified the presence of a variety of food-borne pathogens including Salmonella spp.,
EHEC, B. cereus, Cryptosporidium spp. and Giardia spp (Prokopowich and Blank, 1991;
Beuchat, 1996; Robertson ef al., 2002; Kim et al., 2004; Samadpour ef al., 2006).

In Australia, the Health Department of Western Australia undertook a microbiological survey
of seed sprouts between January to March 2000 (Department of Health WA, 2002). In total,
261 sprouts (pre-packed and bulk) were sampled and included alfalfa, mung bean, bean
sprouts, sunflower sprouts, snow pea shoots, onion sprouts [and “other sprouts”]. Samples
were assessed as being acceptable/unacceptable based on whether they exceeded set
criteria for total plate count (TPC), coliforms, L. monocytogenes, Salmonelfa spp., E. coli, B.
cereus and coagulase-positive staphylococci. Of the pathogens tested, L. monocytogenes
was detected in eight samples (at levels <5 cfu/g), and Salmonella spp. was detected in one
sample (Table). E. cofi was detected at >100 cfu/g in seven samples, however, none of
these isolates were found to be toxigenic. Coagulase-positive staphylococci was detected at
levels =100 cfu/g in two samples of sprouts.

Table 1: Summary of results from WA survey of sprouts at retail (Department of
Health WA, 2002)

Sprout type n E coli Coagulase +ve B. cereus Salmoneila | L. monocytogenes

2100 cfulg Staph. 2100 2100 cfufg (%) (%)
(%) cfulg (%) (%)

Alfalfa 110 327 - - 6 (5.9

Bean sprout 42 - 1(2.4) -

Mung bean 20 - - 1(5.0)

Onion sprout 7 - - 1(14.3) - 1(14.3)

Snow pea 57 2 (3.5) 1(1.8) 2 (3.5) - -

Sunflower 9 - - - -

Other sprouts 13 2125 1(6.3) 3(6.3) 1(6.3) -

Total 261 727 2(0.8) 7(0.4) 1(0.4) 8(3.1)

A similar survey was conducted in the ACT during April to June 2001, where 62 samples of
various seed sprouts were analysed for E. cofi, coagulase-positive staphylococci, B. cereus,
Salmonella spp. and L. monocytogenes (Millard and Rockliff, 2001). Again, samples were
classified as satisfactory, marginal, unsatisfactory or potentially hazardous based on the
level of organisms detected.
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Salmonella spp. and L. monocytogenes was not detected in any of the samples. E. cofiwas
detected in 11 samples (11.1%), with only one of these samples (mung bean sprouts) having
over 100 cfu/g. Testing for pathogenic strains of E. coli was not undertaken. Coagulase-
positive staphylococci was detect in one sample of snow pea shoots at levels deemed
‘potentially hazardous’, with >10* cfu/g, however, on further testing of a sample from the
same manufacturer and retail outlet (although different lots), levels were considered
satisfactory i.e. <100 cfu/g. For B. cereus, two samples were positive with ranges of 50-150
cfu/g reported.

Results from microbiological surveys of sprouts undertaken by the NSW Food Authority prior
to, and following, the implementation of the NSW Plant Products Food Safety Scheme also
demonstrate that sprouts are occasionally contaminated with pathcgenic micro-organisms
(NSWFA, 2008). In a limited sample of 30 seed sprout products in 2005, no L.
monocytfogenes or Saimonella spp. were detected, while E. coli was detected at levels <100
cfu/g in two samples. In 2006 (n=36), five samples of seed sprouts tested positive for E. cofi,
with two of these samples containing >100 cfu/g sample. Of most concern, a sample of
broccoli sprouts tested positive for verotoxin-producing E. cofi (VTEC) and was therefore
rated as potentially hazardous. The survey was expanded in 2008 to a total of 122 samples
of seed sprouts and included testing for B. cereus. Overall, no L. monocytogenes,
Salmonella spp. or E. coli was detected. B. cereus was detected at levels of 100 — 1000
cfu/g in four samples and at 5500 cfu/g in one sample.

The National Enteric Pathogen Surveillance Scheme (NEPSS) collects data on isolates of
Salmonella spp. and other pathogens submitted by primary diagnostic laboratories
throughout Australia. Between 2000 and 2005 there were 13 Salmonella spp. isolates from
seed sprouts submitted to laboratories (Table). While this data does not provide information
on the prevalence of Salmonelfa-contaminated seed sprouts in Australia (only reports
positive samples) it does give information on the range of Salmonella serovars associated
with these products.

Table 2: Salmonellaisolates from seed sprouts, NEPSS data 2000 — 2005

Year Sample N_um ber of Serovar
isolates
2000 Sprouts 1 S. Zanzibar
2001 Lucerne seeds 1 S. Saintpaul
2002 - -
2003 Sprouts 8 S. Agona; S. Chester; S. Choleraesuis bv Kunzendorf

Australia; S. Havana (2); S. Oranienburg; S. Orion; S.
subsp | ser 16:1,v:-

Mustard seed 1 S. subsp llla ser 38:z53:-
2004 Sprouts 1 S. Oranienburg
2005 Bean sprouts 1 S. Infantis

As summarised by Harris ef a/. (2003), numerous international surveys have also detected
pathogens in seed sprouts. It is difficult, however, to directly compare results between
surveys due to differences in the number and type of samples analysed, the stage of
production where samples were taken, and the methodologies used to isolate and/or
enumerate the organisms.

In a microbiological survey of seed sprouts in Norway, Robertson ef al. (2002) detected
Cryptosporidium and Giardia from 9% and 2% samples respectively of mung bean sprouts
(n=149), with reported level levels of 2-6 oocysts/100 g sprouts. Crypfosporidium and
Giardia are highly infectious, with ingestion of one oocyst being considered sufficient to
cause illness in humans (US FDA, 2008).
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Protozoan parasites were alsc detected in six out of eight 100 g samples of unsprouted
mung bean seeds — all of the positive samples contained Cryptosporidium (range 1-5
oocysts/100 g), with three samples also being positive for Giardia (1 cyst/100 g).
Cryptosporidium was also detected in one sample of radish sprouts (n=6). No
Cryptosporidium or Giardia was isolated from alfalfa sprouts, however the sample size was
very low (n=6).

3. Potential pathogen contamination during seed production

While there is little specific data in the scientific literature on how seeds used for sprouting
become contaminated with microbiological pathogens during on-farm production, and the
relative contribution of potential sources of contamination, epidemiological investigations
suggest contaminated seed is the likely source of most, if not all, sprout-associated
outbreaks.

Grazing animals such as cattle and sheep are known reservoirs of Salmonella spp. and
EHEC and infected animals may shed large numbers of these organisms in their faeces. A
number of studies have shown that these pathogens can persist in animal faeces for
significant periods of time. For example in Ireland, Bolton et al. (1999) found that when
bovine faeces inoculated with E. coli O157:H7 (initial concentration of approximately

108 CFU/g) was applied to grassland, numbers of organisms reduced by 4-5 logyg within

50 days, however E. coli O157:H7 could still be recovered from surrounding scil for up to

99 days (the duration of the study period). In a similar study undertaken in New Zealand,
Sinton et al. (2007) observed that the time required for a 1-logo (90%) decrease in numbers
of Salmonelfa spp in bovine faeces during summer was 58 days. Survival of pathogens in
the environment is extremely complex and is affected by many factors such as temperature,
intensity of sunlight (UV), and moisture, hence inactivation of pathogens in animal faeces
would vary significantly between geographic regions depending on environmental conditions.

Attachment of pathogens fo seeds

Few studies have investigated the mechanisms by which seeds become associated with
human pathogens such as Salmonella spp. and EHEC. Theoretically, seeds can become
contaminated at any stage of production — from while they are being formed through to
immediately prior to sprouting.

Pathogens may be able to enter seeds by a variety of routes such as the vascular system,
pollen germ tube and the dorsal suture of the silique (seed pod) or hilum of the mature seed,
(Mundt and Hinkle, 1976; Harman, 1983; Delaquis ef a/., 1999; Thayer ef al., 2003). Cracks
or openings in the seed coat increases the opportunity for bacterial attachment, and may
enhance the potential for penetration into the seed (Charkowski et al., 2001; Wade ef af,,
2003; Fett, 2006b). The prevalence of seeds with cracks or other imperfections is highly
variable, with rates of 3-85% being reported in alfalfa seeds (Wade ef a/., 2003). Cooley et
al. (2003) also demonstrated that pathogens can become associated with seed via direct
contact with contaminated material such as chaff.

Cooley et al. (2003) found that following inoculation of the roots and shoots of thale cress
(Arabidopsis thaliana) with S. Newport and E. coli O157:H7, pathogens were able to be
recovered from the flowers and seeds of the mature plants. Both pathogens were found to
persist longer on plants grown gnotobiotically (sterile agar) compared to those grown in
sterile and non-sterile soil respectively. This suggests the role of competing microflora in
reducing the colonisation and persistence of the pathogens tested. Pathogens were
detected deep within the primary root system, but not in the vasculature (bacteria were not
detected systemically throughout the plant).
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The authors concluded that movement of pathogens to flowers and seed was therefore most
likely via the plant exterior i.e. epiphytically. Results from other studies, however, have
shown that Salmonella spp. and E. coli have the ability to enter plant tissue and move
through the vascular system (ltoh ef al., 1998; Dong ef af., 2003).

Prevalence and levels of pathogens in seed

Very little data is available on the prevalence and levels of Salmonelfla and EHEC in seed
destined for sprouting. This is, in some part, due to limitations in methodologies to isolate
bactetrial pathogens from contaminated seeds, where contamination is usually sporadic, at
low levels and non-uniformly distributed within a sample (Inami and Moler, 1999; \Wu ef al.,
2001; Stewart ef al., 2001b). Reported levels of pathogens from naturally contaminated
seeds range from 0.7 MPN/kg to 100 MPN/kg (NACMCEF, 1999b; Fu et al., 2008). The level
of contamination in two lots of alfalfa seed associated with an outbreak of S. Munchen in the
US in 1999 was reported to be 16.2 £ 1.9 MPN/kg (n=5) and 13.2 £ 3.5 MPN/kg (n=3) (Fu et
al., 2008).

Seed cleaning/processing

There are many opportunities for cross contamination to occur during seed processing. This
may be via contact with contaminated material such as chaff (stalks etc) or with equipment
that has residual contamination from previous contaminated lots (NACMCF, 1999a).
Rodents, birds and other pests can harbour Salmonelfa and EHEC, and may therefore be a
source of contamination if allowed access to the seed.

Seeds are sometimes scarified during processing to assist germination. Scarification
involves intentionally damaging the seed coat. It has been suggested that this may provide
additional sites for pathogens to attach to, and enter the seed, and potentially be protected
from exposure to sanitising agents (Fett, 2006b). Results from studies investigating the
efficacy of chemical treatments on reducing levels of pathogens from scarified and non-
scarified seeds have been inconclusive. Holliday et al. (2001) found that there was a
reduction in the efficacy of sanitising using scarified alfalfa seeds from one supplier
compared to control (non-scarified) seeds, although this effect was not observed using
seeds from a second supplier.

Survival of Salmonella and EHEC on contaminated seeds

Studies have demonstrated that once seeds are contaminated, Salmonefla and EHEC can
survive for long periods of time under normal seed storage conditions (Jaquette ef a/., 1996;
Taormina and Beuchat, 1999). In a study by Jaquette ef a/. (1996) using artificially
contaminated alfalfa seeds, populations of S. Stanfey were found to decrease by
approximately 0.7-logqq during storage at 8°C for 9 weeks. Storage of seed at 8°C for one
week and then 21°C for 8 weeks resulted in reduction in of S. Stanfey from initial levels of
339 cfu/g to 8 cfu/g (1.6- logy reduction). Tacrmina ef al. (1999) investigated the survival of
E. coli O157:H7 on artificially contaminated alfalfa seeds (initial concentration of
approximately 10° cfu/g), whereby the pathogen could be recovered by enrichment from 25
g samples of seed after storage for 38 weeks at either 25 or 37°C. When seed was stored at
5°C, populations of E. coli O157:H7 remained relatively stable during the study period of

54 weeks.
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Seed sanitising

There have been extensive investigations into the efficacy of varicus chemical sanitising
agents and other disinfection treatments in reducing levels of pathogenic micro-organisms in
contaminated seeds. Consensus amongst the scientific literature is that sanitising reduces,
but does not necessarily eliminate pathogens from contamination seed. Statistical analyses
of published seed sanitisation studies to reduce levels of Salmonelfa and EHEC have
revealed a high degree of variability in the results (Montville and Schaffner, 2004).

A summatry of published studies into the efficacy of physical and chemical treatments for
reducing levels of microbial pathogens from seeds is provided in Appendix 2. There are very
few disinfection treatments that consistently achieve a substantial (i.e. > 5-log;g) reduction in
pathogen numbers. Some disinfection treatments can have a negative effect on seed
germination, which needs to be considered when determining the most appropriate method
of treatment. In a review of published studies on reductions of Salmonella and E. coli
O157:H7 levels in seeds treated with 20,000 ppm calcium hypochlorite (Ca{OCI),), Montville
and Schaffner (2004) found that the most likely level of inactivation (mode) was

2.5 logyo, with a range of 1.0 — 6.5 logsp. Chemical sanitisers, such as chlorine, have reduced
efficacy against naturally resistant pathogens such as oocysts of Cryptosporidium and
Giardia, and bacterial spores (Venczel ef al., 1997).

The variability in reported efficacy of seed sanitisation may be due to a range of factors such
as differences in; the initial pathogen load on contaminated seeds (either naturally or
artificially contaminated), physiological status of the test microorganism (fresh laboratory
cultures versus environmentally stressed micro-organisms), type and condition of the seed,
treatment time and concentration of active compound, use of buffers, agitation of seeds
during treatment and methods used to detect pathogens (e.g. direct plating on selective
media versus enrichment in broth). While the same disinfection treatment may have been
used in published studies, protocols for the application of the treatment and conditions for
the growing of the sprouts often vary, which may affect the results observed.

As previously discussed, pathogens may be protected from chemical sanitising agents due
to their location in cracks or other openings in the seed coat, or incorporation into biofilms
(Fett, 2006b). Results from a study by Chrkowski ef al. (2001) found that the efficacy of
alfalfa seed sanitisation with Ca(OCI.) varied significantly between different seed lots. \When
separated based on seed characteristics, it was observed that wrinkled alfalfa seeds had
higher levels of total acrobic bacteria and were more difficult to sanitise compared with
smooth seeds. When seeds were artificially inoculated with S. Newport and then treated with
Ca(OClI)z, no Salmonella was recovered from smooth seeds however > 10° CFU/seed was
recovered from wrinkled seeds. However, when sanitised seeds were sprouted, Salmonella
was recovered from batches grown from both smooth and wrinkled seed. This highlights the
limitations of sanitising treatments in eliminating pathogens such as Salmonella from
contaminated seed.

4. Potential pathogen contamination during sprout production
Germination/growth of sprouts

As previously discussed, seed has been identified as the likely source of contamination in
many reported outbreaks of Food-borne illness associated with seed sprouts. Other possible

sources of contamination during the sprouting process include water, pests, growing medium
(e.g. soil).
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Regardless of sprouting method, studies have demonstrated the growth of Sa/monella and
E. coli O157:H7 during the germinating process, with increases of 2-5 logg within 48 hours
being reported in the literature (Gandhi ef af., 2001; Stewart ef al., 2001a; Stewart ef al.,
2001b; Charkowski et al., 2002; Palmai and Buchanan, 2002; Howard and Hutcheson, 2003;
Montville and Schaffner, 2005; Pao ef al., 2005; Liu and Schaffner, 2007; Fu et a/., 2008;
Liao, 2008).

Methodologies used to investigate the growth of pathogens during the sprouting process
vary widely, which may affect observed rates of growth. For example, studies have used
haturally or artificially contaminated seed. For seeds that have been artificially contaminated
prior to sprouting, there are differences in the methods used to inoculate the seed e.g.
growth phase of the bacterial culture used, length of time and conditions in which inoculated
seeds are dried before sprouting, and differences in the inoculum size. If the initial inoculum
level in seeds is high (>10* cfu/g), a reduced potential for growth may be observed as levels
may quickly reach the maximum population density (Montville and Schaffner, 2005). The
probability of naturally contaminated seeds having levels of contamination as high as this is
also extremely low. Stewart ef a/. (2001a) found that the maximum level of E. coli O157:H7
reached in alfalfa sprouts grown from seeds with low (1.9 logso cfu/g) or high (3.9 logqg cfu/g)
inoculums was 5-6 logy cfu/g.

Methods used to sprout seeds in the laboratory often differ from that used commercially. For
example in the laboratory small volumes of seeds may be sprouted in glass jars or “mini-
drums”, with different methods and/or frequencies of irrigation utilised. Fu et a/. (2008)
demonstrated that irrigation frequency significantly affected the level of growth of Salmonella
in alfalfa sprouts grown using a small-scale rotating drum. Decreasing the irrigation
frequency from 20 minutes every 2 h to 20 min every 4 h resulted in a 2-logyg increase in
levels of Salmonella. Increasing the temperature during sprouting from 20°C-30°C also
resulted in a 2-logqp increase in Salmonella levels.

Pao ef al. (2005) undertook a study to investigate the growth of B. cereus during the
production of different sprout types. Results for sprouts grown in glass jars using naturally
contaminated seed showed that levels of B. cereus increased by > 5 log;g for radish and
broccoli sprouts, however no significant growth was observed for alfalfa, lentil or mung bean
sprouts. VWhen seeds were sprouted using a "home-sprouting” drum with automatic watering,
levels of B. cereus increased by 3 logyg in radish, broccoli and mung bean sprouts, with no
growth observed in alfalfa or lentil sprouts.

A number of studies have shown that Salmonella spp. and E. coli O157:H7 can become
internalised in the tissue of seed sprouts during germination (ltoh ef a/., 1998; Warriner ef al.,
2003). In a study by Itoh et al. (1998) E. coli O157:H7 was found to be attached the inner
tissue and stomata of cotyledons as well as the outer surface of radish sprouts. E. cofi
0O157:H7 was isolated from sprouts after being surface-sterilised with mercuric chloride
(HgCl,), further suggesting internalisation. Warriner ef al. (2003) also demonstrated the
ability of E. coli and Salmonelfa spp. to become internalised in mung bean sprouts during
germination. Treating the sprouts with 20,000 ppm sodium hypochlorite removed the
majority of bacteria from the surface of hypocotyls, although viable organisms were
recovered from the sprout tissue.

Microorganisms can also become incorporated into biofilms on the sprout surface (Fett,
2000; Warriner etf al., 2003; Fett and Cooke, 2003b). Biofilms are a complex structure of
microorganisms adhered to a surface (usually inert) and encapsulated in self-produced
extracellular material such as exopolysaccharides, lipids and proteins. This structure
provides protection to microorganisms from antimicrobial agents such as chemical sanitisers
(Costerton et al., 1995).
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When viewing alfalfa, broccoli, clover and sunflower sprouts by scanning electron
microscopy, biofilms have been found to be most abundant on the cotyledon surface
compared with hypocotyls and roots (Fett, 2000).

Several studies have shown that levels of bacterial pathogens in spent irrigation water during
the germinating process is strongly correlated to levels found in the contaminated seed
sprouts (Costerton ef al., 1995; Stewart et a/., 2001b; Howard and Hutcheson, 2003;
Johnston ef al., 2005; Liu and Schaffner, 2007). In an analysis of published data, Montville
and Schaffner (2005) found that the average concentration of pathogens was slightly higher
in sprouts than in spent irrigation water (mean 0.5 log;q, range -0.75-2.25 log1o). Liu and
Schaffner (2007) demonstrated that S. Stanley could be detected in irrigation water within

12 hours of germination of alfalfa sprouts.

Various treatments have been studied to reduce the levels of pathogens either during the
sprouting process or post harvest. These treatments include the use of chemical agents,
competitive exclusion (e.g. plant-associated pseudomonads), bacteriophages and irradiation
(Rajkowski and Thayer, 2000; Fett, 2002c; Fett, 2006a; Kocharunchitt et a/., 2009). To date,
however, most of these treatments have not been shown to result in consistent levels of
pathogen reduction. This may be due to a number of factors such as protection of microbial
pathogens in biofilms, or internalisation into the sprout tissue. One method that has been
found to reduce levels of pathogens in sprouts is treatment by irradiation, with a minimum
gamma radiation dose of 0.5 kGy shown to be effective in eliminating Salmonella from
naturally contaminated alfalfa sprouts (Rajkowski and Thayer, 2000).

Sprout harvesting

Contamination of seed sprouts can also occur during harvesting. Possible sources of
contamination include equipment, rinse waters and workers themselves. Gandhi ef al. (2001)
found that the transfer of Salmonella to non-contaminated sprouts via hands directly after
harvesting contaminated sprouts (7.9 logq, cfu/g) was approximately 5 logqg cfu/g. While the
level of Salmanella in the contaminated sprouts used in this study is considered higher than
that observed under commercial conditions, it demonstrates the potential for pathogens to
be transferred between batches of seed sprouts during harvesting.

Depending on the type of seed sprout being produced, they are often rinsed prior to
packaging. While studies have demonstrated that there is limited/no reduction in pathogens
from rinsing sprouts in water containing sanitisers, there is an opportunity for significant
cross contamination if wash/rinse water becomes contaminated.

Retail/consumer

Once packaged, sprouts are generally stored under temperature control (<4°C) to limit the
growth of microorganisms. Gandhi ef a/. (2001) found that levels of &. Stanley in
contaminated alfalfa sprouts reduced slightly (0.09 logso) when stored at 4°C. In the survey
of seed sprouts at retail undertaken by WA Department of Health in 2001, 78% (203/261) of
samples were stored under refrigeration. Of the refrigerated samples, 75% (154 samples)
were recorded to have temperatures above 10°C. Most seed sprouts are consumed raw and
therefore will not receive any form of heat treatment prior to consumption (which would
inactivate pathogens if present).
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Reported sprout-associated outbreaks (adapted from Taormina et al., 1999)

APPENDIX 1

Year Pathogen No. of culture- Location Type of sprout Likely source of Reference
confirmed cases contamination
1988 S. Saintpaul 143 United Kingdom Mung bean Seed (O'Mahony et al., 1990)
1988 S. Saintpaul, S. 148 Sweden Mung bean
Havana, S. Muenchen
1988 S. Virchow 7 United Kingdom Mung bean (O'Mahony et al., 1990)
1989 S. Gold-Coast 31 United Kingdom Cress Seed and/or sprouter (Joce et al., 1990)
1990 S. Anatum 15 US (Washington) Alfalfa (CDC, 1990)
1992 S. enterica 4,5,12:b:- 272 Finland Mung ND (Mattila et al., 1994)
1994 S. Bovismorbificans 492 Finland, Alfalfa Seed (Ponka et al., 1995; Puohiniemi
Sweden et al, 1997)
1995 S. Stanley 242 Finland Alfalfa Seed (Mahon et al., 1997)
6 US States
1995- S. Newport >133 7 US States Alfalfa Seed (van Beneden et al., 1999)
1996 Canada
Denmark
1996 S. Stanley 30 US (Virginia) Alfalfa Seed (CDC, 1996; Barret and Chaos,
1996)
1996 E. coli O157:H7 >10,000 Japan Radish Seed (Watanabe et al,, 1999)
1996 S. Montevideo and ~500 California, Nevada (USA) Alfalfa Seed and/or sprouter (Taormina et al., 1999;
S. Maleagridis NACMCF, 1999a; Mohle-
Boetani et al., 2001)
1997 S. Anatum and 109 Kansas, Missouri (USA) Alfalfa Seed (Taormina et al., 1999)
S.Infantis
1997 E. coli O157:H7 79 4 US States Alfalfa Seed (Breuer et al,, 2001)
1997 S. Meleagridis 78 Canada Alfalfa Seed (Sewell and Farber, 2001)
1997- S. Senftenberg 60 US (California, Nevada) Alfalfa Seed and/or sprouting (Mohle-Boetani et al., 2001)
1998 drum
1998 S. Havana/S. Cubana | 40 US (California) Alfalfa Seed (CDC, 1998; NACMCF, 1999a)
1998 E. coli O157:NM 8 California, Nevada Alfalfa, Clover Seed and/or sprouter (CDC 1998; Mohle-Boetani et
al, 2001)
1999 S. Mbandaka 83 8 US states Alfalfa Seed (CDC 1998; NACMCF, 1999a)
1999 S. Muenchen 157 10 US states Alfalfa Seed (Proctor et af., 2001)
1999 S. paratyphivar Java 51 Canada Alfalfa Seed (Stratton et af., 2001)
1999 S. Saintpaul 36 US (California) Clover ND (CDC 1998)
1999 Salmonella spp. 34 US (Michigan) Alfalfa ND (CDC 1998)
1999 S. Typhimurium 120 Colorado (USA) Alfalfa Seed (Winthrop et al, 2003)
Year Pathogen No. of culture- Location Type of sprout Likely source of Reference
confirmed cases contamination
2000 S. Enteritidis phage 27 The Netherlands Mung beans Seed (van Duynhoven et al., 2002)
type 4b
2000 S. Enteritidis 75 us Mung beans ND (CDC, 2000)
2000 S. Enteritidis 8 Canada Alfalfa ND (Harris et a/f., 2003)
2001 S. Enteritidis PT 913 84 Canada Mung bean Seed {Honish and Nguyen, 2001)
2001 S. Kottbus 31 California Alfalfa Seed (Mohle-Boetani et a/., 2002)
2001 S. Enteritidis PT1 26 US (Hawaii) Mung bean Seed and/or sprouter (CDC, 2002)
2002 S. Abony 13 Finland Mung bean ND (Ministry of Agriculture and
Forestry, 2003)
2003 S. Saintpaul 16 us Alfalfa ND (CDC, 2003)
2003 E. coli O157:H7 7 us Alfalfa ND (CDC 2003)
2003 E. coli O157:NM (H-) 13 us Alfalfa ND (CDC 2003)
2003 S. Chester 26 us Alfalfa ND (CDC 2003)
2004 E. coli O157:NM 2 us Alfalfa ND (CDC 2003)
2004 S. Bovismorbificans 35 us Alfalfa ND (CDC, 2004)
2005- S. Oranienburg 126 Australia (WA) Alfalfa Seed (OzFoodNet, 2006)
2006
2006 S. Oranienburg 15 Australia (Vic) Alfalfa Seed {OzFoodNet, 2007)
2006 S. Braenderup 4 us Mung bean ND (CDC, 2006)
2007 S. Weltevreden 45 Norway Alfalfa Seed (Emberland et al., 2007)
Denmark
Sweden
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Physical and chemical treatments for the inactivation of pathogens on inoculated sprouting seeds (Fett, 2006b)

APPENDIX 2

Logarithmic Reduction -

Treatment Conditions Time | Seed Type Bacterium (CFUIG) Seed Germination Ref
Acetic acid, vapour 242 ul/L air, 45°C 12 h Mung bean  |Salmonella 5, no survivors No effect (Delaquis et al., 1999)
IAcetic acid, vapour P42 pl/L air, 45°C 12 h Mung bean  |E. coli O157:H7 P 6, no survivors No effect (Delaquis et al., 1999)
Acetic acid, vapour 42 ul/L air, 45°C 12 h Mung bean |L. monocytogenes 4.0 No effect (Delaquis et al., 1999)
Acetic acid, vapour 300 mg/L air, 50°C P4 h Alfalfa Salmonelia 0.8 No effect (Weissinger et a/., 2001)
Acidic EO water  [1,081 MV 84PPM 40 i |afaifa Salmonella 5 No effect (Kim et al., 2003)
Acidic EO water l;i?i:;vv SOPPM b4 min |Alfalfa E coli 0157:H7  [1.6 [Significant reduction  {(Sharma and Demirci, 2003b)
Acidic EO vater  [1079 MV, TOPPM 45 in - araifa Salmonella bo No effect (Stan and Daeschel, 2003)
Allyl isothiocyanate |50 ul/950-cc jar, 47°CR4 h IAlfalfa IE. coli O157:H7 2.0, survivors present ISlight reduction (Park et a/., 2000)
IAmmonia, gas [300 mg/L 22 h IAlfalfa Salmonella 2.0 [No effect (Himathongkham et a/., 2001)
IAmmonia, gas 300 mg/L 22 h [Mung bean  |Salmonella b.0 [No effect (Himathongkham et al., 2001)
IAmmonia, gas 300 mg/L 22 h IAlfalfa IE. coli O157:H7 B.0 [No effect (Himathongkham et al., 2001)
IAmmonia, gas 1300 mg/L 22 h [Mung bean |E. coli O157:H7 6.0 [No effect (Himathongkham et a/., 2001)
Ca(OH), (Calcium o, 10 min  |Alfalfa E coli O157:H7.  B.2 (Holliday et al., 2001)
Hydroxide)
. (Weissinger and Beuchat, 2000;
o -
ICa(OH)2 1% [10 min  |Alfalfa Salmonella 2.8-38 No effect Holliday ef al, 2001)61,62
Ca(oCl), (_CaICIUm [20,000 ppm B min [Alfalfa IE. coli O157:H7 P 2.3, survivors present  |[Reduced rate (Taormina and Beuchat, 1999)
Hypochlorite)
ICa(OCl), 120,000 ppm [10 min__|Alfalfa Sa/monella 2.0 ISlight reduction (Weissinger and Beuchat, 2000)
ICa(OCl), 18,000 ppm [10 min__|Alfalfa Sa/monella B.9 [No effect (Fett, 2002a)
ICa(OCl), 18,000 ppm [10 min_|Alfalfa IE. coli O157:H7. 4.5 [No effect Fett, 2002a)
ICa(OCl), 16,000 ppm [10 min_[Mung bean _|Salmonelfa. b.0 [No effect Fett, 2002b)
ICa(OCl)2 16,000 ppm [10 min_|[Mung bean |E. coliO157:H7 B.9 No effect Fett, 2002b)
ggl;;;gj dioxide, 1500 ppm 10 min  [Alfalfa IE. coliO157:H7 2.4, survivors present  [Significant reduction (Taormina and Beuchat, 1999)
Citrex ™ 120,000 ppm [10 min__|Alfalfa Salmonella 3.6 [No effect (Fett and Cooke, 2003a)
Citrex ™ 120,000 ppm [10 min _|Alfalfa IE. coli O157:H7 B.4 [No effect (Fett and Cooke, 2003a)
Dry heat 50°C 60 min_|Alfalfa E. coli O157:H7 1.7 No effect (Bari et al,, 2003)
Dry heat [70°C Bh Alfalfa Salmonella B.0 [Slight reduction (Weissinger et af,, 2000)
Fit ™ [According to label 15 min_[Alfalfa Salmonella 2 No effect (Beuchat et af., 2001)
Fit ™ IAccording to label [15 min_|Alfalfa IE. coli O157:H7 5.4 [No effect (Beuchat et a/., 2001)
H,0, 8% B min __[|Alfalfa IE. coli O157:H7 P2.9, survivors present [No effect (Taormina and Beuchat, 1999)
Treatment Conditions Time | Seed Type Bacterium Logarlth(g::ullaé;i uction - Seed Germination Ref
H20, 8% [10 min_|Alfalfa Salmonella B.2 [No effect (Weissinger and Beuchat, 2000)
Hydrostatic pressure [300 mPa 15 min__|Garden cress |Salmonella b.8 Reduced rate (Wuytack et al., 2003)
Hydrostatic pressure [300 mPa 115 min_[Garden cress [Shigella flexneri 4.5 Reduced rate (Wuytack et al., 2003)
Lactic acid %, 42°C 10 min_|Alfalfa E. coli O157:H7 B.0 No effect (Lang et al,, 2000)
Radiation, gamma arious IAlfalfa Salimonella D-value of 0.97 kGy [Dosage dependent (Thayer et al., 2003)
Radiation, gamma arious IAlfalfa IE. coli O157:H7 D-value of 0.60 kGy [Dosage dependent (Thayer et al., 2003)
Radiation, gamma arious Broccoli Sa/monella D- value of 1.10 kGy Dosage dependent (Rajkowski et al., 2003)
Radiation, gamma arious Broccoli IE. coli O157:H7 D- value Of 1.11 kGy [Dosage dependent (Rajkowski et af.,, 2003)
aSgg;ggjchlonte, 1,200 ppm, 55°C B min |Alfalfa IE. coli O157:H7 1.9, survivors present [Slight reduction (Taormina and Beuchat, 1999)
ISulphuric acid PN 20 min_[Alfalfa IE. coli O157:H7 b.0 [No effect (Pandrangi et a/., 2003)
Ozone, aqueous 21 ppm, wisparging 64 min_[Alfalfa IE. coli O157:H7 R.2 [No effect (Sharma et al., 2002)
(Ozone, aqueous 1.3 ppm, wisparging 20 min__[Alfalfa L. monocytogenes  [1.5 [No effect (Wade et af,, 2003)
Pulsed UV light 15.6 Jlcm®, 270 pulses 00 sec _[Alfalfa IE. coli O157:H7 4.9 ISignificant reduction (Sharma and Demirci, 2003a)
Dielectric heating,  f3g \ii; 1 g kviem  p6sec |Affalfa Salmonella h.7 No effect (Nelson et al,, 2002)
radio frequency
[Supercritical CO, 4000 psi, 50 C 60 min_|Alfalfa E. coli, generic 1.0 [No effect (Mazzoni et al., 2001)
. 130 min,
fater, hot g;‘cgge. 25105010 O sec, Alfalfa IE. coli, generic 4, no survivors INo effect (Enomoto et af., 2002)
© sec
ater, hot p4°C b min__ |Alfalfa Salmonella .5 No effect (Jaquette et af., 1996)
fater, hot 180°C R min_ [Mung bean [Salmonefla 6 [No effect (Weiss and Hammes, 2003)
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Attachment 3

Chemical hazard Evaluation of seed sprouts
Summary

There are legislative requirements?' that regulate the use and presence of chemical
substances in food. These requirements ensure that public health and safety is protected
and that chemical hazards in food are adequately managed.

These requirements include the provisions in the Code. There are certain Standards in the
Code that are of relevance in relation to chemical hazards in seed sprouts and these are:

Standard 1.3.1 — Food Additives

Standard 1.3.3 — Processing Aids

Standard 1.4.1 — Contaminants and Natural Toxicants
Standard 1.4.2 — Maximum Residue Limits

Standard 1.4.3 — Articles and Materials in Contact with Food.

The limited data available (see below) do not indicate that chemical hazards are a major
concern for seed sprouts. On this basis, the current regulatory measures including those in
the Code are considered adequate with respect to managing chemical hazards in seed
sprouts. Notwithstanding this, there are general hazard mitigation measures that could be
considered to ensure that chemical hazards associated with seed sprout production are
specifically managed.

Residues of agricultural and veterinary chemicals

Residues of agricultural and veterinary chemicals in food are managed by ensuring that only
approved chemical products are used in food production, and that these products are used
in accordance with approved conditions of use by food handlers and producers.

Chemical products may be used in the production of seed and then in the subsequent
production of seed sprouts, including as sanitising agents. The use of products in these
situations may result in residues of agricultural chemicals in seed sprouts. It would not be
expected that veterinary chemical residues would be present in seed sprouts.

Standard 1.4.2 lists the maximum permissible limits for agricultural and veterinary chemical
residues present in food. These limits apply to seeds and seed sprouts for human
consumption.

The Maximum Residue Limits (MRLs) in Standard 1.4.2 are based on MRLs notified to
FSANZ by the Australian Pesticides and Veterinary Medicines Authority (APVMA). The
APVMA is a Commonwealth of Australia Government authority responsible for the
assessment and registration of pesticides and veterinary medicines and for their regulation
up to and including the point of retail sale. The APVMA administers the National Registration
Scheme for Agricultural and Veterinary Chemicals (NRS) in partnership with the States and
Territories and with the active involvement of other Australian government agencies.

The MRLs in Standard 1.4.2 are based on the highest residues that may occur in food that
has been legitimately treated with approved chemical products, including appropriate
withholding periods.

! These requirements are in State, Territory and Commonwealth of Australia legislation.
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In addition to the MRLs in Standard 1.4.2, certain chemical product label restraints and
precautions apply to the use of chemical products as seed treatments. These restraints and
precautions require chemical products tc be used appropriately on seeds and where
relevant, that such seeds are not provided as food for human consumption.

There are very little data available on the presence of residues of agricultural and veterinary
chemicals in seed sprouts (see below). Survey results available to FSANZ have not
identified non-complying residues of agricultural and veterinary chemicals in seed sprouts.

While not a compliance survey, data from the Australian Total Diet Survey (ATDS) indicate
that few residues of agricultural and veterinary chemicals have been detected in alfalfa
sprouts®%. This result may be considered representative for sprouts generally in that
chemical products are likely to be used similarly to control similar pests and diseases.

FSANZ understands that nutrients are not used during the production of seed sprouts {(e.g.
fertiliser, growth nutrients).

Overall, the limited data currently available would suggest that residues of agricultural and
veterinary chemicals in seed sprouts are not of concern. Notwithstanding this, it would be
appropriate to ensure that food handlers and seed sprout producers only use approved
chemical products in the production of seed sprouts and that these products are used in
accordance with approved conditions of use.

Processing Aids in Food Production

Chemical products may be used as processing aids in the production of seed sprouts and
the use of these products may result in residues of these processing aids in seed sprouts
(e.g. chlorine). Chemical products used in the production of seed sprouts should be
approved for the relevant purpose and used in accordance with approved conditions of use.

In addition, Standard 1.3.3 includes substances which may be used as processing aids and
includes limits for these substances in seed sprouts or the inputs that may be used in seed
sprout production (washing agents). Seed sprouts treated legitimately with processing aids
should comply with this Standard.

It would be appropriate to ensure that food handlers and seed sprout producers only use
approved processing aids in the production of seed sprouts and that these products are
used in accordance with approved conditions of use.

Contaminants

There are very little data available on the presence of chemical contaminants in seed
sprouts. These contaminants may include metals (cadmium, copper, zinc), non-metal
contaminants (e.g. packaging monomers) and mycotoxins.

While not a compliance survey, data from the ATDS indicate that some metals have been
detected in alfalfa sprouts®. It would not be appropriate to extrapolate this to all seed
sprouts because of the different types of seed sprouts.

The limited data currently available would not suggest that there are concerns with
contaminants that may be present in seed sprouts.

22 19" Australian Total Diet Survey - http:/Avww foodstandards.qov.au/_srcfiles/tables %2023-26.pdf
2 19" Australian Total Diet Survey - http/Avww foodstandards.gov.au/_srcfiles/tables%209-22. pdf
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Notwithstanding this, it would be appropriate to ensure that food handlers and seed sprout
producers handle seed sprouts to minimise or prevent contamination.

Substances Added to Seed Sprouts

Food additives may only be used in seed sprouts in accordance with Standard 1.3.1. In
addition, Standard 1.3.4 — Identity and Purity includes specifications for substances added to
food. These Standards specify food additives that may be used by food type and include
limits for specific food additives in foods. Depending on the degree of processing, seed
sprouts may contain certain additives. FSANZ understands that food additives would be
unlikely to be added to seed sprouts.

It would be appropriate to ensure that food handlers and seed sprout producers only use
approved food additives in the production of seed sprouts.

Packaging

There are general provisions in food legislation® that require articles and materials in
contact with food to be safe and suitable for that purpose. These requirements apply to seed
sprouts.

The Code also includes requirements in Standard 1.4.3. The purpose of this Standard is to
provide for articles and materials to be in contact with food, including packaging.

The Standard does not specify individual packaging materials for food contact or how they
are produced or used but includes general requirements to ensure that such articles and
materials do not cause harm.

While there is little information available on the articles and materials that may be used for
seed sprouts, the general requirements are considered to be adequate at this stage. These
requirements relate to ensuring:

. that equipment and inputs used in producing seed sprouts are suitable for their
intended purpose to prevent contamination of seed sprouts

) that seed sprout handlers are aware of the need to prevent contamination of seed
sprouts and how to prevent any contamination

. seed sprouts are protected from contamination including during storage and transport

. packaging used for seed sprouts is fit for its intended purpose and is therefore not
likely to cause contamination.

Overall, seed sprout producers should ensure that procedures are instituted, including with
seed sprout handlers, to prevent contamination of seed sprouts as far as is reasonably
possible.

 State and Territory food legislation.
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Attachment 4
Cost Estimate of the 2005-06 Australian Seed Sprout outbreaks

Outbreaks of food-borne illnesses are sporadic and unpredictable. An estimation of the cost
of food-borne illness resulting from consumption of contaminated seed sprouts cannot be
generated as an annual figure because of the sporadic and infrequent nature of such
outbreaks. The potential cost of adverse health consequences due to consumption of
contaminated seed sprouts is estimated using the 2005-2006 outbreak data.

OzFoodNet % reports that in Australia about 132 cases of food-borne salmonellosis have
been identified to be associated with consumption of raw sprouts in Western Australia and
Victoria during 2005-2006. According to an Australian study (Hall, et. al. 2005)%, for very
one reported case of food-borne illness in the community there are 9 unreported cases.
Taking into account of underreporting there could be up to 1320 community cases of
salmonellosis associated with consumption of contaminated sprouts in Western Australia
and Victoria during 2005-2006.

Based on a US model to compute social cost of iliness, and a Dutch study (Kemmeran et.
al., 2006%") that estimates disease burden of enteric pathogens, the cost of a general food-
borne salmonellosis case has been estimated at approximately $8,786 in 2009 prices. Cost
per case in Table 1 is in the context of Australian estimates for Quality Adjusted Life Year
(QALY) and Value of Statistical Life (VSL)?®. This estimate takes into account productivity,
welfare and medical costs for a range of effects ranging from a mild gastro illness to extreme
consequences like death. See Table 1 followed by Explanatory Notes for the breakdowns of
this estimate.

Table 1: Social cost of a typical food-borne Salmonellaillness case ($AUD)

Outcomes Incidence Total Health Loss Medical Costs Weight
QALDs Lost per Case per Case Dollar Lo
per lliness per Ca

Gastroenteritis

Mild .857 5.58 $2,466 30 21
Moderate 154 10.65 $4,707 $73 $7
Severe 018 16.15 $7,138 $ 1,526 $1!
Reactive Arthritis

Mild 011 222 $98,124 $0 $10
Moderate 002 222 $98124 $110 s
Severe .0002 222 $98,124 $ 4,063 3.
Irritable Bowel

Syndrome 0002 Life Long $3,738,000 31,526 37
Death .001 8454 $ 3,738,000 $3,7
Total Expected Loss per Case $8,7

2 Kirk M., 2006, Outbreaks Associated with Raw Sprouts. Ozfoodnet presentation.

% Hall G. et al. (2005) Estimating food-borne gastroenteritis, Australia. Emerging Infectious Diseases
11(8): 1257-1264.

2T Kemmeren, J.M. et al. (2006) RIVM: Priority setting of food-borne pathogens. Disease burden and
costs of selected enteric pathogens: Report 330080001.55-58.

%% Refer to Abelson, P. (2007) Office of Best Practice Regulation. Establishing a Monetary Value for
Lives Saved: Issues and Controversies: WP 2008-02:21.
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The product of the number of potential cases in the community and the cost per case
provides an indicative social cost of approximately $11.60 million of 2005/2006 outbreaks in
current prices.

This cost estimation refers to the two outbreaks occurred in 2005-2006 that was a once off
event. The cost estimation should not be treated as an annual cost of seed sprouts caused
food-borne illnesses.

Explanatory Notes

Outcomes: A range of adverse health cutcomes have been reported to be associated with human
illness resulting from a food-borne salmonellosis. An occurrence could vary from a mild gastroenteritis
illness (GE) to extreme consequences like death. Long term adverse health complications include
Reactive Arthritis and Irritable Bowel Syndrome. These outcomes have been derived from the Dutch
study (Kemmeren, et al. 2006).

Incidence: A Mild case of Gastroenteritis illness is classified as one that involves no visit to a general
practitioner (GP), a moderate case involves a GP visit and a severe case would be one that requires
hospitalisation. The breakdown of cases into Mild, Moderate and Severe cases of illness is based on
Kemmeren et al. (2006) estimate of 35,000 community cases of Salmonella- associated
gastroenteritis and sequelae illness. For example out of the 35 000 most likely community wide
cases, 30,000 or approximately .857 or (approximately 86%) could experience mild symptems.

Quality Adjusted Life Day (QALD): QALD refers to a day of life adjusted for its quality or its value. A
day in perfect health is considered equal to 1.0 QALD. The estimated number of QALDs lost due to
illness has also been derived from the Dutch study where a mild illness may only impact about 5 days
whereas a severe illness could affect up to 16 days of an individual’s life (Kemmerer, et al. 2006).

Health loss: Health loss is measuring what the community is willing to pay to avoid an adverse health
outcome or conseguence. It is obtained as a product of number of QALDs and value of QALD. The
recommended Value of a Life Year {(VLY) which may alsc be expressed as Quality Adjusted Life Year
(QALY) in Australia is $AUD151,000 (Abelson, 2007). Therefore the value of a Quality Adjusted Life
Day (QALD) would be $AUD151,000 divided by 365 or $AUD414 in 2007 prices. Based on the
Australian Taxation Cffice’s (ATO’s) Consumer Price Index (CPI) up till 2009 inflation adjusted value
of QALD is $AUD442 (increase of 6.8%). E.g. the health loss for a mild gastroenteritis illness affecting
5.58 days at the rate of $AUD442 per day is $AUD2,466. In case of Reactive Arthritis cases it is 222
days at the rate of SAUD442 or JAUDS8, 124,

Similarly for death, the health loss is estimated to equal to the Value of Statistical Life (VSL) at
$AUD3.5 million in 2007 prices (Abelson, 2007). In simple words it is assumed that the society is
willing to pay approximately SAUDS.74 Million in 2009 prices to avoid death for a healthy individual
(after CPI inflation adjustment of 6.8%) Health loss is limited to loss of leisure, welfare and quality of
life.

Medical costs: Medical costs include the health care and medical costs asscciated with the range of
adverse health outcomes resulting from a food-borne salmonellosis illness. While a mild illness may nc
warrant any medical examination a moderate case could only involve a GP visit i.e. $AUDS0 in 2002
prices (Abelson, et al. 2006)29_ For a severe hospitalisation case of a gastroenteritis illness or Irritable
Bowel Syndrcme (IBD) the cost is estimated to be approximately $AUD1,254 assuming average of
hospital stay is 2 days. In the event of Reactive Arthritis, it is assumed one specialist visit at $AUDS0 ft
moderate case and $AUD3,339 for a severe case. Costs used are 2002 prices and derived from the
annual cost of food-borne illness in Australia (Abelson, et al. 2006). As the above prices are of 2002 Ci
inflation adjusted estimates for 2009 are $AUD73 for a GP visit and/or $AUD110 for a specialist visit,
$AUD1,526 for a hospitalisation or IBD case and $AUD4,063 for a severe hospitalisation case (after
ATO's CPl inflation adjustment of approximately 21.7% over 2002-09).

% pabelson, P. et al. (2006) Australian Government Department of Health and Ageing. The annual cost
of food-borne iliness in Australia.
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Weighted dollar loss: is the sum of Health Loss and Medical costs proportioned to the incidence or
case breakdown, e.g. in a moderate gastroenteritis illness outcome, the health loss was $ 4,707. In
addition there could be medical costs of a GP visit of $AUD73. The sum of $AUD4,780 apportioned to
the incidence or likelihood of that event, i.e. 154 or 15.4% translates to $SAUD736 which has been
placed in the weighted dollar loss column for a moderate gastroenteritis illness. In case of Death the
V8L of $AUD3,738,000 is then pro-rated to the incidence or likelihood of death at .1% (.001) to
generate the weighted dollar loss for Death as $AUD3,738.
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Attachment 5
Regulatory measures applying to sprout production in Australia

1. Australia New Zealand Food Standards Code
Chapter 3 — Food Safety Standards

Standards 3.2.2 — Food Safety Practices and General Requirements and 3.2.3 — Food
Premises and Equipment set out specific requirements for food business, food handlers and
the food premises and equipment with which they operate to ensure the safe production of
food. Standard 3.2.2 specifies process control requirements to be satisfied at each step of
the food handling process:

receipt
storage
processing
display
packaging
transportation
disposal
recall

In addition there are requirements for skills and knowledge, health and hygiene of food
handlers and the cleaning, sanitising and maintenance or premises and equipment.

Standard 3.2.3 sets out requirements to ensure that food premises, fixtures, fittings,
equipment and transport vehicles are designed and constructed to minimise opportunities for
food contamination and are cleaned and sanitised where necessary.

The food safety standards apply to all food businesses in Australia. A food business is
defined in the Code as follows:

food business means a business, enterprise or activity (other than primary food production)
that involves:

{a) the handling of food intended for sale; or
{b) the sale of food;

regardless of whether the business, enferprise or activity concerned is of a commercial,
charitable or community nature or whether it involves the handling or sale of food on one
occasion only.

primary food production means the growing, cultivation, picking, harvesting, collection or
catching of food, and includes the following:

{a) the transportation or delivery of food on, from or between the premises on which it
was grown, cultivated, picked, harvested, collected or caught:

{(b) the packing, treating (for example, washing) or storing of food on the premises on
which it was grown, cultivated, picked, harvested, collected or caught; and

{c) any other production activity that is regulated by or under an Act prescribed by the
regulations for the purposes of this definition.
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\While the operation of a seed sprout business may involve a number of the food handling
activities generally undertaken by food businesses, State and Territory jurisdictions
(excepting NSW) have not been able to apply Chapter 3 requirements to them because, in
accordance with these definitions, seed sprout businesses have been regarded as a primary
food producer (a grower of sprouts).

Chapter 1 — General Food Standards

The food standards in Chapter 1 generally apply to all food sold or traded at retail and
wholesale level in Australia and cover labelling requirements; the use of additives and
processing aids; contaminants and natural toxicants; MRLs, articles and materials in contact
with food, and microbiological limits for food. The only provision in Chapter 1 that is specific
for seed sprouts is a microbiological limit in Standard 1.6.1.

Standard 1.6.1 — Microbiological Limits for Food specifies a microbiological limit for
Salmonella in ‘cultured seeds and grains’ (alfalfa sprouts, bean sprouts etc.):

Food Micro-organism n c m M

Cultured seeds and | Salmonellal25 g 5 0 0
grains (bean
sprouts, alfalfa etc)

Where:

n means the minimum number of sample units which must be examined from a lot of food
¢ means the maximum allowable number of sample units that can exceed m

m means the acceptable microbiological level in a sample unit

M means the level, when exceeded in one or more samples, would cause the lot to be
rejected.

Information on Chapter 1 requirements for covering the use of additives and processing aids;
contaminants and natural toxicants; Maximum Residue Limits and articles and materials in
contact with food, is discussed in Attachment 2.

2. State and Territory requirements
New South Wales food safety scheme- seed sprouts

The NSW Food Regulation 2004 was amended in September 2005 to include the Plant
Products Food Safety Scheme, applying to specified high risk plant product industries
including sprouting and processing of seed sprouts.

Businesses that produce, store or transport seed sprouts for supply to the retail and food
service sectors must hold a licence with the New South Wales Food Authority stating the
activities that they are authorised to undertake and specific controls relevant to the industry.
Businesses producing or handling unsprouted seed, unsprouted beans or wheatgrass do not
require a licence.

Businesses that receive seeds for sprouting and produce seed sprouts must comply with the
NSW Food Act 2003, NSW Food Regulation 2004, the Australia New Zealand Food
Standards Code and the NSW Plant Products Safety Manual*?. The manual outlines and
explains the requirements of the Plant Products Food Safety Scheme.

% Plant Products Safety Manual NSW/FA/FI012/0711 version 1 issued 12/11/07 available on the
website of the NSW Food Authority at www.foodauthority. nsw. gov.au/industry/industry-sector-
requirements/plant-products/
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Sprout producers must demonstrate compliance though implementing a foed safety
program, based on Codex HACCP or Standard 3.2.1, which is certified by the Authority and
audited. Businesses that only transport, distribute or store seed sprouts do not require a food
safety program and are inspected for compliance with the legislation and the manual.

As part of their food safety program, sprout producers must address the following:

. raw material receival and storage
) seed pre-screening for Salmonella (this may be certified by the seed supplier)
. raw material quality either by obtaining Authority approval to source seed from a

supplier that can provide evidence that seed is produced under an audited HACCP-
based food safety program or sanitising seed as specified in the manual;
) washing and sprouting

) testing of spent irrigation water for Salmonella

) post harvest washing
. sprout storage
) cleaning and sanitising of equipment and processing surfaces

) finished product testing for E. coli.

Sprout producers must also ensure they have documented procedures for notifying the
Authority of tests that fail to meet the microbiological testing requirements in the manual and
the microbiological and chemical standards in the Code. Laboratories testing these products
are also required to notify failures to the Authority.

Specific requirements, detailed explanations and guidance for these activities are provided in
the manual.

3. Export requirements

Schedule 3A of the Export Control (Plant and Plant Products) Orders 2005 prescribes
structural requirements and operational and hygiene requirements for establishments
preparing mung beans aimed, primarily focussed on pest control, effective cleaning and
personal hygiene. Clause 6 of this schedule specifies the following:

) A registered establishment in which mung beans are prepared or inspected for export:
- must be equipped and operated in a manner which permits effective pest control
and hygienic conditions to be maintained at the establishment
- must have a defined program of hygiene and pest control.
. All machinery, equipment and surrounding floor area must be thoroughly cleaned of all
waste material and debris at intervals not exceeding one week, or at such other times

as an approved inspector considers necessary.

. Mung bean debris and waste must be removed from areas where mung beans are
prepared each day and removed from the establishment each week.
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. Any material likely to contaminate, infest or provide a source of infestation of mung
beans must not be stored or handled in a building or area used for their preparation or
storage or in any area likely to create a source of contamination.

. Toxic substances and other substances which may contaminate mung beans must not
be stored in an area or a building where mung beans are handled or stored.

) Animals (including birds and rodents) must not be present in the establishment where
preparation of mung beans takes place.

. A person who:
- is suffering from a communicable disease; or
- is a carrier of a communicable disease; or
- may transmit pathogenic organisms to mung beans;
) must not enter any registered establishment used for the preparation of mung beans.

) All persons handling mung beans must maintain a high degree of personal cleanliness.

) Handwashing facilities and toilet facilities must be kept in a clean and sanitary
condition at all times.

Additionally there are specific packaging requirements for mung beans (packaging materials

must adequately protect the mung beans from contamination) as well inspection procedures
for pests and contaminants (Schedule 6A).
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Attachment 6

Summary of international Guidelines/Codes of Practice
Codex Alimentarius

Codex has developed a Code of Hygienic Practice for Fresh Fruits and Vegetables which
includes an Annex for Sprout Production. The Annex recommends control measures to
occur in two areas: during seed production and during sprout production. During seed
production, conditioning and storage, the application of Good Agricultural Practices (GAPS)
and good Hygieninc Practices (GHPs) are aimed at preventing microbial pathogen
contamination of seeds. During sprout production, good hygieninc practices are aimed at
preventing the introduction of microbial pathogens and minimising their potential growth with
a microbiological seed decontamination step included to reduce potential contaminants. A
summary of the measures included in the annex is provided below.

Codex Code of Hygienic Practice for Fresh Fruits and Vegetables — ANNEX Il Annex for Sprout

Production
Step in production Control measures included {(additional to those specified in the
chain Code of Hygienic Practice for Fresh Fruits and Vegetables)

Primary production of seeds:

¢ Hygienic production of | ¢ Manure and biosolids: Wild or domestic animals should not be allowed
seeds to graze in the fields, Manure, biosolids and other natural fertilizers
should only be used when they have undergone a pathogen reduction
treatment.

o Agricultural chemicals: Only chemicals (e.g. pesticides, desiccants)
which are acceptable for seeds intended for the production of sprouts
for human consumption should be used.

* Handling, storage and | o Segregation of seed intended for sprout production from seed
transport intended for forage crops and clear labelling.
o Maintain sanitation in drying yards.

* Analyses o Lots of seeds should be tested for microbial pathogens (seed
producers, distributors and sprout producers). If contamination found,
seeds to be diverted or destroyed.

s Recall Procedures o Recall procedures in place to enable complete and rapid recall of
implicated seed.

o Practices should minimise the quantity of seed identified
as a single lot and avoid mixing of multiple lots. Records
kept for each lot. Lot number, producer and country of
origin should be indicated on each container.

o System in place to effectively identify lots, trace
production sites and inputs.

Establishment for Sprout Production:
s Designand layout of | = Storage, seed rinsing, microbiological decontamination, germination
establishment and packaging area should be physically separated.

Control of Operation

s Water use o Quality of water used dependent on stage of operation (clean water
for initial washing staged, potable water in later production processes).
e [nitial rinse o Seedsrinsed and thoroughly agitated in large volumes of clean water

(maximise surface contact). Process should be repeated until rinse
water remains clear.
» Microbiological o Recommended that seeds are treated prior to use. Seeds should be
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decontamination

agitated in large velumes of antimicrobial agent to maximise surface
contact. Duration of treatment/concentration of agent should be
accurately recorded.

+ Rinse after seed o
freatment

As appropriate to eliminate any antimicrobial agent

s Pre-germination soak | o

Seeds should be soaked in cleaned water for the shortest possible
time (to minimise microbial growth). After soaking seeds should be
rinsed with potable water.

¢« Germination o Only potable water should be used
o Soils and other matrices should be treated to achieve a high degree of
micrebial reduction
« Harvest o Harvesting should be done with dedicated, cleaned and disinfected

fools.

¢ Final Rinse and o As appropriate, rinse with cool potable water
cooling o Water should be changed to prevent cross-contamination
o Drain sprouts using appropriate equipment
o Steps to facilitate rapid cocling should be taken (if additional cocling
time necessary)

« Storage o Sprouts should be kept under cold temperature ( 5°C to minimise
microbial growth for the intended shelf life of the product {as
appropriate)

¢ Microbiological and o Recommended that seed and sprouts or spent irrigation water be

other specifications

tested for the presence of pathogens.

o Each new lot of seeds received at the sprouting facility
should be tested before entering production

o Producers should have in place sampling/testing plan to
regularly monitor for pathogens at cne or more stages
after the start of germination (e.g. spent irrigation water,
finished product). Recommended that every production lot
is tested.

* Microbiological cross- | o
contamination

Traffic patterns should prevent cross-contamination of sprouts

Incoming Material Requirements

+ Seed specifications o

Sprout producers should require evidence from seed producers that
product was grown in accordance with measures outlined under
primary production of seeds (assurance that chemical residues are
within limits and certificates of analysis for microbial pathogens)

s Control of incaming =)
seeds

Seed containers should be examined for physical damage and signs
of contamination (particularly from pests).

Seed lots analysed for the presence of microbial pathogens should not
be used until results available.

» Seed storage o

o

Seeds should be stored to prevent mould and bacterial growth and
facilitate pest control

Open containers sheuld be stored such that they are protected from
pests and other sources of contamination

Documentation and Records

+ [Documentation and o
Records

Records should be maintained of the seed supplier, the lot number
and country of origin to facilitate recall procedures.

Reccrds must include seed sources and lot numbers; water analysis
results, production volumes, storage temperature monitoring, product
distribution and consumer complaints.

Awareness and responsibilities

+ Awareness and o
responsibilities

Producer should have a written training program that is routinely
reviewed and updated. Systems should be in place to ensure food
handlers remain aware of all procedures necessary to maintain safety
of product.
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Weblinks for other international documents:

Canadian Code of Practice for the Hygienic Production of Sprouted Seeds
http://www.inspection.gc.ca/english/fssa/frefra/safsal/sprointe.shtml

Reducing Microbial Food safety Hazards for Sprouted Seeds — guidance for Industry (US
FDA)

http://'www.cfsan.fda.govi~dms/sprougd1.html
http://'www.cfsan.fda.govi~dms/sprougd?2.html

Code of Practice for food Safety in the Fresh Produce Supply Chain in Ireland (Chapter 4:
Microbiological Safety of Sprouted seed Production)
http:/fwww fsai.ie/assets/0/86/204/7332e0dd-fc90-45a0-a633-79c8066863¢ec. pdf
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SDC Membership

Attachment 7

Name Sector represented Role
Government
Ms Catherine Bass New South Wales Manager - Program Evaluation,

New South Wales Food Authority

Mr Bill Calder
Mr Stan Goodchild — Proxy

Western Australia

Senior Project officer, Department
of Health Western Australia

Mr Paul Dowsett

South Australia

Manager — Food Safety,
Department of Primary Industries
South Australia

Ms Katie Fullerton

Dept of Health and Ageing

Coordinating Epidemioclogist,
OzFoodNet

Ms Kira Goodall

Victoria

Policy Analyst - Agriculture and
Forestry, Department Primary
Industry. Victoria

Dr Olivia McQuestin

Tasmania

Senior Advisor, Environmental
Health Unit, Tasmania Department
of Health

Mr Phil Pond
Mr Brian Witherspoon - Proxy

Queensland

General Manager - Strategy, Policy
Development, Safe Food
Production Queensland

Ms Usha Sriram-Prasad
Ms Narelle Marro — Proxy

Dept of Agriculture, Fisheries
and Forestry

Manager — Food Regulation and
Safety, Department of Agriculture,
Fisheries and Forestry

Ms Marion Castle

New Zealand

Programme Manager — Production
and Processing, New Zealand Food
Safety Authority

Industry

Mr Richard Bennett

Horticulture Australia Limited

Product Integrity Manager,
Horticulture Australia Limited

Mr Andrew Boundy

Mungbean growers and
processors

Executive Officer - Australian
Mungbean Association

Mr Alan Davey

Rural Industry Research &
Development Corporation

Senior Research Manager - New
plant products, Asian Foods (Rural
Industry Research & Development
Corporation)

Ms Michele van der Sander

Sprout producers

Technical and Quality Assurance
Manager - Parilla Fresh

Ms Patricia Donald

Sprout producers

Quality Manager —
Healthy Sprout Company

Mr Stephen Donnelly

Rural Industry Development -
seeds and pulses sales
(nominated by the Grain
Research & Development
Corporation)

Director of Regal Seed and Grain,
Managing Director of

Blue Ribbon Seed and Pulse
Exporters.

Ms Alison Gallagher

Woolworth Limited

Quality Manager - Fresh Foods

Mr Will Golsby
Mr Tim Teague — Proxy

Sowing Seed industry

CEOQO of Australian Seed Federation

Dr Andreas Klieber

Coles Supermarkets

Technical Manager - Fresh Produce
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Name

Sector represented

Role

Mr Andrew Phin
Mrs Michele Phin — Proxy

Seed growers and processors

Managing Director of Booborowie
Seed Pty Ltd

Mr James Rattray

Sprout producers

Director, Flowerdale Sprout Farm —
Victoria

Mr Rob Sanders

Seed growers and processors

Director of Lucerne Australia

Consumer

Mr George Seymour-
Dearness

Consumer

Legal professional

FSANZ

Mr Steve McCutcheon
Ms Melanie Fisher -
Alternative

Chair of the Standard
Development Committee

Chief Executive Officer of FSANZ
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