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Materials and Methods

Abstract

This study evaluated the efficacy of dry heat in reducing Salmonella |
on sprout seeds, as affected by treatment time, temperature, relative . Mbandanka) isolated from sprout outbreaks were individually grown in BHI at 35°C for 18-24 h, washed 3

humidity, treatment scale and seed type. The impact of treatment on times n Butterfield’'s phosphate buffer (BPB), combined and diluted in BPB. Ulefreeiee o
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Seed inoculation: Five serotypes of Salmonella (Tennessee, Muenchen, Cubana, Saintpaul, and , - _
,’ o 1 kg mung beans spiked

with 10% inoculated beans
seed germination, sprout yield and Salmonella re-growth during heatireatcabeans
sprouting was examined. Ten g of seeds/beans inoculated with

Salmonella or 1 kg of mung beans spiked with 10% of inoculated

Untreated
Treated at 60°C, 80%RH, 16 h
Treated at 70°C, 60%RH, 16 h

(SHElelell] Il  Soak for 10 min and
(108 cfu/ml) drain Inoculated seeds

+ . . .
1.5 kg alfalfa Dry for 36-48 h, until Microbiological Soaked for

beans were subjected to dry-heat treatment in a humidity-controlled seeds or mung [PYISSTOSY Salmonelialevel __ | o S 16 h .
treatment level ~ 4 log cfulg | ] - | Soaked for 3 h

chamber. Treated seeds/beans were analyzed for Salmonella by plate . ; PR P (R ,
count and culture enrichment. One hundred alfalfa seeds or 50 beans | e . SR B Piate count | | e - e e L L)
were germinated in a petri dish and numbers of germinated I e Germination
seeds/beans were recorded for 5 days. Sprout yields were determined g
after 7 days. Two hundred g of treated beans were sprouted in glass . &= Germination%:
beans with visible Sprout wt

Stored at 4°C

Water
activity

Unsoaked

Temperature:
— 60, 70, 80 °C
Relative humidity:

Sprouted at room temp, irrigated
with 1 L sterile tap water daily
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jars for 4 days and levels of Salmonella were analyzed daily. Agreater || | 104 inocuated beans - 20,40, 60, 80% o0ts on Day 5
. : : Treatment time: TSA w/ | 25 g samples from Jars A & B
log kill was observed when treatment was conducted at higher — S o XLD overlay - for microbiological analysis
temperatures, under higher relative humidities (RH), or for longer time. | e | s 57 B
Optimal treatment conditions that reduced Salmonella to below oA BAM
' < - ' intaini inati - Salmonella:
dgtectlon ( 0.3 IOg cfu/ g) while maintaining germlnat_lc?n and sprout . 1 X ! Salmonellareduction = Salmonellalevel in untreated beans — Salmonellalevel in treated beans B ¢ ./ Plate count
YIeId at > 90% of that of untreated controls were identified. Treatment | ini o Small scale (10g) vs. large B Relative germination = germination% of treated seeds/germination% of untreated beans N :
' 1 kg and 10 g samples containing 10% scale (1kg) treatment BN g g g PR Culture enrichment
scale did not affect efficacy as a similar log reduction was achieved Nmocuiated and 0% uninoculated beans v /. Relative sprout yield = sprout yield of treated beans/sprout yield of untreated beans A
whether 10 g or 1 kg of mung beans were treated under optimal
conditions. Salmonella re-growth was observed during sprouting of
treated beans, although could be delayed. Dry-heat treatment can be : :
an effective means in reducing Salmonella on sprout seeds. but Table 1. Impact of dry-heat treatment on Salmonella reduction, seed germination and sprout yield for A greater Iog kill was Ot_)served when treatment V\_/aS conducted at a hlgher
bathogen could re-grow during sprouting. The delay in path;)gen o alfalfa seeds, as affected by treatment temperature, relative humidity, and treatment time temperature, under a higher RH, or for a longer time (Tables 1 and 2).
) . SRS S 60°C 70°C 80°C — . i inati i
growth needs to be considered when conducting microbial testing of 60C 20%RH 40%RH 60%RH 80%RH 70C 20%RH 40%RH 60%RH 80%RH 80C 20%RH 40%RH 60%RH 80%RH fotal count during sprouting eimenella countduring sprouting Heoa ! treatment can r_lggatlvely affect germln.atlon and Sc? rout yiewd. Treatment at
- ’ y ’ - 0 .
t oroduction batch ° ° 2 0 0 100 80°C, under all conditions, lowered sprout yield to < 80% (Tables 1 and 2
Sprout proauction batcnes. Salmonella reduction (log cfu/g) Salmonella reduction (log cfu/g) Salmonella reduction (log cfu/g) 9.0 10.0 ] o ] S
6h 102 128 174 5369 6h 163 300 285 >392 6h 252 >367 >3.72 >3.49 _ 80 00 | » Optimal treatment conditions need to be determined for individual seed type. For
Introduction 16h 160 181 208 >369 16h 179 364 >394 >392 16h 330 >3.67 >3.72 >3.49 g 7 70 | mung beans, the best conditions, where Salmonella was reduced to below
24h 1.84R | f..16 2..99t_ >3.69  24h 1.81 | t2_.90 >§.9::_ >392  24h 3.61R I>t:'s.67 >§-72t_ >3.49 Z 50 & o detection and relative germination and sprout yield were at > 90% of that of
" eiative germination eiative germination eiative germination 3 =
The Produce Safety Rule requires that seeds used to grow sprouts oh 0o 10r oee 587 &n 101 10s oge oas  oh 104 o2 oos oo | i o Untreated -o-Untreated untreated control, were 60°C/80%RH/16 h, 70°C/60%RH/16 h, 70°C/80%RH/6 h
be treated to reduce pathogens using scientifically valid methods (7). 16h 098 099 100 036 16h 099 098 027 012 16h 102 010 004  0.00 ° 50 e enc/EeRRASh Ey e or 70°C/80%RH/16 h (Table 2).
: : : 1o -#8-70C/60%RH/16h S 40 : ’
;T;atmintshmay bletap[;hed tat Spr?rj]t Operat’u(?[nil .05 bt);]S'eed Subppllers. t 24 h 1.03R | 2.99 1.(t)o. Ido.21 24 h 0.98R | f-'% 0.17. Ido.os 24 h 1.01R | 3.04 0.22. Ido.o1 Lo £ 0o / . For alfalfa seeds, treatment at 60°C/80%RH/6 h was able to reduce Salmonella
elative sprou e elative sprou e elative sprou e -1. 3 4 5 6 . . . _ . . .
ough chemical treatments are the most studied, heir use by sprou pros J ety P Y ot 234 2 to below detection while maintaining germination and sprout yield at 97% and
growers are limited due to the lack of EPA approved seed treatment 6h 093 089 0.89 0.87 6h 099 096 030 0.11 6h 080 021 0.05 0.06 Day of sprouting N _
“hemicals. Phvsical methods. such as drv heat. have increasinalv been 16h 098 097 091 033 16h 094 090 012 009 16h 063 0.08 004 0.00 30 2y O sprouhe 87% , respectively, of that of untreated control (Table 1).
| . | , Su ., have | | . L . . . . L C .
y y gly _ Dzefei‘tion |?n-1?t1— - 31|;)°1Cf/ 086 0.18 ~ 24h 098 086 008 0.06  24h 084 004 0.02 000  Figure 1. Proliferation of Salmonella and background microflora during sprouting of untreated |« Post-treatment soak did not result in improved germination or sprout yield of
evaluated (2,3,4). Dry-heat treatments have the added advantages in =03 log cfug or beans treated under optimal conditions (60°C/80%RH/16h (n=3); 70°C/60%RH/16h (n=2).
. treated mung beans (Table 3).
that they are scalable and can avoid the need for a post-treatment _ o _
drying step. The efficacy of dry heat for decontamination of seeds Table 2. Impact of dry-heat treatment on Salmonella reduction, seed germination and sprout yield for — | X - * Eﬂ:'(_:acy was not affected by treatment scale. A similar Salmonella reduction was
differed among published studies. While some studies have reported mung beans, ggoacffected by treatment temperatur7e(,)orglative humidity, and treatment t8|;r;g Varatoniintota ountbetween samples i one Variation in S“'misfé'ft?:gtﬁe:" samples in one achieved whether 10 g or 1 kg of mung beans were treated (Table 4).
- i ' : . (60°C/80%RH/16h) (60°C/80%RH/16h) * Populations of background microflora and Salmonella in mung beans were
that dry-heat treatment could reduce populations of E. col O157'H7 or 60C 20%RH 40%RH 60%RH 80%RH 70C 20%RH 40%RH 60%RH 80%RH 80C 20%RH 40%RH 60%RH 80%RH 132 jg | P d after drv-h J t treat t but i d duri t'g o levels simil
Salmonella on s_eeds.by >3 IOgS: others.showed a much |OWG.I' ef_'flcacy Salmonella reduction (log cfu/g) Salmonella reduction (log cfu/g) Salmonella reduction (log cfu/g) = 80 g 6.0 owere a r dry-heat treatmen ut increase ur_lng Sprouting to levels simifar
(3,4). Many studies did not examine the impact on seed germination or 6h 029 139 058 351 6h 150 266 >3.87 >421 6h 27 34 >371 - g 70 S 50 to those in sprouts grown from untreated beans (Figure 1).
sprout yield. Research is needed to better understand factors that may 16h 155 179 245 >401 16h 123 3.67 >3.87 >421 16h 275 35 >3.71 - £ Ry » Delay in Salmonella re-growth during spouting of treated beans was observed.
affect treatment efficacy and to identify conditions that can effectively 24h 1'14R | :’_'46 2.'9°t. allig L 1'28R |>:'51 >‘°."87t. >421_ _24h >3'65R I:?"m >?'71t. : g %o S g 20 sample A The extent of delay may differ between samples (Figure 2). This delay may result
" . . . . . rye elative germination eliative germination eiative germination s 2 ample c 1. . . . .
decontaminate seeds while preserving their germination capability. 6n 100 1009 100 100  6h 099 1009 099 097  6h 095 0979 0on . 2 50 o sample 8 2. ~sample® in Salmonella not being detected by typical sprout testing programs (5).
Research is also needed to examine pathogen re-growth during 16h 099 1.00 100 097 16h 100 100 099 091 16h 099 082 000 - i e v 8 » Sprouts grown from mung beans treated under optimal conditions had a similar
sprouting of treated seeds to determine the overall impact of treatment 24h 100 097 100 089 24h 1.00 1.00 098 090 24h 100 085 0.00 - 0 vz 4 5 - bay of sorouting weight gain as that of untread beans (Figure 3).
by dry heat in reducing microbial contamination in sprouts. Relative sprout yield Relative sprout yield Relative sprout yield pay of sprouting . | |
i} _ 6h 1.01 114100 0.98 6h 084 103 034 097 6h 080 0359 038 ) Figure 2. Microbial proliferation during sprouting can differ between samples treated under g;;lr%ﬁ”,sgeré/;hgi g:ﬂ(ggeef:[ fea_ grt:)svtahn dejfr?rc]:;lvsepgjﬁsz Ir]ne;?j(lui?cl)ngescéc?)/g;?:;/é% ?rr]]
O bjectlves 16h 094 1.00 096  0.91 16h 084 106 091 0.83 16h 074 046 038 ) the same condition. In one replicate sample, SalImonella was undetectable after 2 days of .
24h  1.05 1.00 093 085 24h 076 092 080 076 24h 068 041 0.7 . - : sprout testing programs.
sprouting but increased to 5.0 logs after 4 days.
Detection limit = -0.3 log cfu/g
« Determine the efficacy of dry heat treatment in reducing Salmonella - Not done References
contamination on alfalfa seeds and mung beans as affected by Table 3. Impact of post-treatment soak on germination and sprout Table 4. Impact of dry-heat treatment on Salmonella reduction in mung orout weight gain during sproutingof treated or 1. U.S. Food and Drug Administration. 2015. Standards for the Growing, Harvesting, Packing, and
- Temperature yield of treated mung beans* beans, as affected by treatment scale (10 g vs. 1 kg)* untreated beans Holding of Produce for Human Consumption; Final Rule. Fed. Regist. 80:74354-74568.
_ Treatment time 20%RH 40%RH 60%RH S0%RH Treatmont Scale Salmonella Culture 1400 2. Dlln_g, H Fu, T.-J.; Sm?lth, M.A. 201_3. Mlcroblal contamination in sprouts: how effective is seed
Relative hurmidit %G of soaked beans / %G of unsoaked beans reduction (log cfulg) enrichment’# 1200 dllsmfectlon ftreatment. J. Food Sci. 78:R495-R501. o | |
— Relative humidity 60°C - - 100 102 untreated 29 1000 3. Kim, Y.B.; Kim, H.W.; Song, M.K.; Rhee, M.S. 2015. Decontamination method using heat and relative
- Treatment scale 0 ] 10 525 2/6A . humidity for radish seeds achieves a 7-log reduction of E. coli O157:H7 without affecting product
70°C 1.00 1.01 0.95 60°C/30%RH/16h g & o T o D01 A
+ Determine the impact of dry-heat treatment on germination and 80°C_ 1.00 0.97 1kg >2.5 1/9% £ 00 AT e tntreated quality. Int. J. Food Microbiol. 201:42-46. g |
sprout yield Yield of soaked beans / Yield of unsoaked beans untreated 2.2 £ 400 / I e 600/ 0%6RH/16h 4. Beuchat, L.R.; Scoutep,A.J. 2002. Combined effect.s of water activity, temperature and chemlgal
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impaCt of heat treatment on germinatic)n and Sprout y|e|d 80°C 0.92 0.98 - - * Values represent results from two or three separate experiments conducted at 0 0 . 5 3 A . . . o 5. U.S. Food and Drug Administration. (2017). Draft guidance for industry: compliance with and
60°C/80%RH/16h or 70°C/60%RH/16h, respectively. ) i for i i f f i i i
e E i th th duri ti f heat-treated All beans were treated for 16 h. Detoction limit = -0.3 loq ofu/ Day of sprouting recommendations for implementation of the standards for the growing, harvesting, packing, and
Xxamine paitnogen re-grow uring sprouting or neat-treated mung * Each value represents the average of results obtained from at least two separate runs. NUmber of N hy gm | gn mber of samples test holding of produce for human consumption for sprout operations.
%G = inati 3 Number of positive samples/number of samples tested
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