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SURVEY OF MICROORGANISMS ON DRIED FRUIT

A .  D .  K i n g ,  J E . ,  R .  K .  F i e l d s  a n d  F .  P .  B o y l e

Western Regional  Research Laboratory

Agr i cu l tu ra l  Research  Serv ice ,  U .  S .  Depar tment  o f  Agr i cu lEure

A l b a n y ,  C a l i f o r n i a

Because o f  inc reased emphas is  and in te res t  in  the  mic rob io logy  o f

d r ted  f ru iE  and poss ib le  ensu ing  mic rob ia l  p rob lems r  we were  asked t ,o

c o o d u c t  a  m i c r o b i o l o g i c a l  s t u d y  o n  d r i e d  f r u i t .  T h i s  s t u d y  h a s  b e e n  c o n d u c t e d

to  examine the  mierob ia l  f lo ra  and to  de tecE members  o f  the  genus Sa lmone l la

r n d  t h e  s a n i t a r y  i n d i c a t o r  o r g a n i s m s - - t h e  c o l i f o r m s .  T h e  d r i e d  f r u i E

lndus t ry  has  supporE,ed  th is  survey  in  par t .

O n  t h e  b a s i s  o f  t h e  c o m p o s i t i o n ,  p h y s i c a l  p r o p e r t i e s ,  a n d  h a n d l i n g

of  f ru i t ,  some pred ic t ions  can be  made concern ing  the  k ind  o f  mic ro : f lo ra

tha t  w i l l  be  presenE.  By  de f in i t ion  the  produc t ,s  v7e are  concerned w i th

l r e  d r i e d ,  i .  e . ,  h a v e  a  r e d u c e d  a m o u n t  o f  w a L e r .  B e c a u s e  o f  t h e  l o s s  o f

u i tcer ,  d r ied  f ru i t  has  h igh  concent ra t ions  o f  sugar .  The sugar  causes

h f g h  o s m o E i c  p r e s s u r e ,  w h i c h  s t o p s  g r o w t h  o f  m o s t  m i c r o o r g a n i s m s .

l t l c rob ia l  spo i lage w i l l  nor  occur  in  d r ied  f ru i t  hav ing  less  E,han L8-25"L

t lo ts tu re ,  depend ing  upon the  f ru i t  and sugar  cont ,enE.  Genera l l y ,  bac ter ia

requ i re  Ehe most  f ree  water ,  then yeasEs and f ina l l y  mo lds  can grovr  in

h tgher  concent ra t ions  o f  sugars .  Except ions  to  th is  ru le  a re  some osmoph i l i c

yeas ts  tha t  w i t l  g rov /  on  very  concent ra ted  sugar  so lu t ions .
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The ac id i ty  of  some f ru i ts  aLso reduces the possib i l i t ,y  of  growth of

m ic roorgan isms.  For  ins tance ,  mos t  bac t ,e r ia  do  no t  g row be low pH 4 .0 -4 .5 .

At  lower pH values (h igher  ac id i ty)  both yeasts and mq, lds are capable

o f  g rowth .

.  The Processing t reatments g iven a product  w111 in f luence the k inds

and numbers of  organisms present .  For  example,  f igs should have a low

microbia l  populat ion because of  the heat  and sorb ic  ac id t reatments g iven

Lhe product .  L ikewise one would expect  h igher  counts on ra is ins and dates

as they receive no substant ia l  heat  t reatment .  The i4 i t ia l  number and

kind of organisms on the fruit  before processing also inf luence the amount

p resen t  a f te r  p rocess i tg ,  p rov id ing  no  le tha l  t rea tments ,  such  as  hea t i rg ,

are g iven.  The growth of  micro-organisms fo l lows a geometr ic  pat tern;

the more that are present original ly, the more growth that may occur

and  the  shor te r  rhe  p roduc t  she l f  l i f e  w i l l  be .

Dur ing processing the f ru i t  comes in to contact  wi th  equipment

sur faces and workerst  hands.  I f  these are not  c lean,  micro-organlsms

on these sur face 's  wi l l  be t ransferred to the product  dur ing processi rg,

and an increase in  the number present  wi l l  resul t , .  The assumpt lon is

made thaL h igher  counts wi l l  be re lated to a greater  r isk of  eontaminat ion

by pathogenic microorganisms "

Thus,  the comPosi t ion and physica l  nature p lus the handl ing of

f ru i ts  wi l l  determi-ne the microbia l  populat ion"  The lack of  moisture and

l4gh sugar  content  of  dr ied f ru i ts  resul t  in  h igh osmot ic  pressure

which tends to prevent  microbia l  growth.  Also the ac id i ty  of  the f ru i ts
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i nh ib i ts  g rowth  and ru ly  cause death  o f  o rgan isms.  Heat  t rea tments  g iven

the  produc t  dur ing  process ing  and the  in f luence o f  added chemica ls ,

such as  sorb ic  ac id  o r  su l fu r  d iox ide ,  may reduce the  mic rob ia l  counts

on dr ied  f ru i ts .  However ,  d i r ty  o r  unsan i ta ry  equ ipment  may increase

Ehe mic rob ia l  counts .  On the  bas is  o f  these in te r re la ted  fac to rs  one

wou ld  assume tha t  the  counts  found on  dr ied  f ru iEs  shou ld  be  low.

His to r i ca l l y  th i s  has  been  Lhe  case .

A sulullElry analysis of the samples dravrn in the survey is shown in

T a b l e  I .  A  t o t a l  o f  2 9 3  s a m p l e s  o f  f i n i s h e d  p r o d u c t  w e r e  c o l l e c t e d  a E

Process ing  p lan ts .  These were  brought  to  the  labora tory  and counts  l yere

m a d e  o f  b a c t e r i a ,  y e a s E s ,  a n d  m o l d s .  A n a l y s e s  w e r e  a l s o  r u n  t o

d e t e r m i n e  E h e  P o s s i b l e  P r e s e n c e  o f  S a l m o n e l l a e  a n d  c o l i f o r m  b a c t e r i a .

B e c a u s e  o f  t , h e  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  ( 3 0 0 - 5 0 0  p . p . m . )  o f

s u l f u r  d i o x i d e ,  t h e  l o w  p H  ( 3 . 3 - 3 . 5 )  a n d  t h e  h e a t  t r e a g m e n t  g i v e n

app les  dur ing  Process ing  and dry ing ,  the  counts  fo r  th is  f ru i t  a re

u n d e r s t a n d a b l y  1 o w .  C u t  f r u i t  ( a p r i c o E s ,  n e c t a r i n e s ,  p e a c h e s ,  p e a r s )

a lso  have low counts  due pr imar i l y  to  the  su l fu r  d iox ide  conten t  and

the  low pH o f  the  f ru i t .  A11 counEs on  cu !  f ru i t  were  be low 800 bac ter ia

Per  g ram except  one wh ich  was 111000.  The reason fo r  t ,h is  h igh  count  i s

unknown.

F igs  rece ive  a  ser ies  o f  heat  t rea tments  tha t  w i l l  des t roy  any

microb ia l  f lo ra  and a  sorb ic  ac id  t rea tment  tha t  wou ld  cont ro l  any  yeas t

or  mo ld  p resent .  Thus ,  the  counts  were  low as  expec ted .  L ikewise

Prunes  wou ld  be  expec ted  to  have re la t i ve ly  low counts .  Th is  r^ ras  Ehe
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c s s e  f o r :  u n p i t E . e . d  p r u n e s  e x c e p t  f o r  o n e  u n e x p l a i n e d  h i g h  b a c t e r i a l

c o u n t . H o w e v e r . P r u n e s t h a t h a d L . e e n p i c t e d h a d h i g h e r c o u n t s .

R , a . i s i n s  r e , c e i v e  n o  t ' r e a t m e n t  t h a t  w o u l d  l o w e r  t h e  m i c r o b i a l  c o u n t s

d u r i n g  p r o c e s s i n g  e x c e P t  w a s h i n g  a n d  c l e a n i n g '  H o w e v e r '  t h e  l o w  p H

o f  r a i s i n s  ( 3 , 5 )  w i l l  n o t  a l 1 o w  g r o w t h  o f  b a c t e r i a  a n d  i s  b a c t e r i c i d a l

t o  s o m e  b a c t e r i a .  o n e  w o u l d  e x p e c t  t h a t  t h e  c o u n t s  w o u l d  b e  s o m e w h a t

h i g h e r  t h a n  t h e  f r u i t s  a l r e a d y  m e n t i o n e d  b e c a u s e  n o  h e a t i n g  o r  c h e m i c a l

t r e a t m e n t s  a r e  g l v e n  r a i s i n s .  T h e  h i g h e s t  c o u n t s  w e r e  f r o m  c a n d y  c o a t e d

r a i s i n s ,  o i l e d  r a i s i n s  '

On the  average the

f r u i t  e x a m i n e d  "  T h i s  i s

r e h y d r a t e  d  s o  t h a t  t h e  m o i  s t u r e  c a n  h e  h i  g h  < - n o u g h  f  o r  a  y e a s t

f e r m e n t a t i o n  t o  o c c u r .  A l s o  t h e  p H  o f  d a r e s  ( 5 ' 5 - 6 ' 0 )  i s  t h e  h i g h e s t

o f  t h e  f r u i E  t e s t e d  a n d  w i t l  a l l o w  b o t h  b a c t e r i a  a n d  f u n g i  t o  S r o w '

T h u s ,  i f  a  m i c r o b i a l  p o p u l a t i o n  i s  p r e s e n t  o n  d a t e s  i t  c a n  s u r v i v e  o r

g r o w  d e p e n d i n g  u P o n  t h r :  m o i s t u r e  c o n d i t  i o n  o f  t h e  p r o d u c t  '  T h e  h e s t

w a y  t o  s o l v e  E h i s  p r o b l e m  i s  t o  r e d u c e  t h e  c o u n t s  o n  t h e  p r o d u c t  w h e r e

p o s s i b l e  b y  u s i n g  a p p r o p r i a t e  s a n i t a t y  P r o c e ' s s i n g  m e t h o d s  "  T h e s e  c o m m e n t s

are  based on  the  da ta  wh i .ch  ind ica 'e  tha t  the  h ighes t  counts  were  on

s a m p l e s  o f  d a t e s  t h a t  h a d  b e e n  e x p o s e d  t o  e q u i p m e n t  o r  h a n d l i n g  m o r e

E h a n  o t h e . r  s a m p l e s  ,  i  '  e  '  p i t t e d  d a t e s  o r  d a t e  p r o d u c E s  "

A  s e r i e s  o f  t e s t s  w e r e  s e t  u P

w o u l d  s u r v i v e  o n  d r i e d  f r u i t "  T h e

i s  s h o r t  o n  s u l f u r e d  f r : u i t  ( a p p l t ' s

s o r b a c e  ( f i g s  a n d  P r u n e s )  H o w e v e r

t o  d e t e r m i n €  h o w  l o n g  S a l m o n e l l a e

,  o o  r a i s i n s ,  w h i c h  h a v e

o

a n d  o n e  p a c k a g e  o f  n o r m a l l y  p r o c e s s e d  r a i s i n s  "

c o u n t s  o n  d a t e s  w € r e  t h e  h i g h e s t  o f  a l l  t h e

r e a s o n a L ' 1 e ' '  b e  c  a u s e  d a t e s  a r e  f r e q u e n t ' l y

r e s u l t s  i n  I a b l e  2  s h o w

a n d  c u t  f r u i r )  a n d  f r u i t

t h a t  s u r v i v a l

t r e a t e d  w i t h

a waxy dry

t 0
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s i j r f a c e .  t h e  s u r v i v a l  i s  s c m * w h a t  l o n g * r ,  O n  d a t e s  t h ; .  s u r v i v a l  t 1 m e

w a s  a t  l e a s t  5 0  d a y s .

I t  i s  c l e a r  t . h e n  t h a t  o n  s c m e  f r u i t ,  a s  n o r m a l  l y  p r o c e s s e d ,  t h e

s u r v i v a l  t i m e  i s  v * r v  s h o r t  h u t  o n  o t h e r  f r u i t s  l o n g e r  s u r v i v a l  o f

S a l m o n e l l a e  c a n  b c  a n t i c i p a t e d .  T h e  s o l u t i o n  t o  t h e  p r o b l e m  i s  t o

u s e .  c r e a n  e q u i p m e n t .  f r u i t ,  h a n d l  r n g  p r o c € d u r e s ,  a n d  p a c k a g i n g

m a t e . r i a l s  t o  p r e v e n t  c o n t a m i n a t i o n  w i t h  a n y  m i c r o o r g a n i s m .

A n a  l v s e s  f  o r  F a l m o n e  1  1 ; e  a n d  c o l  i  f  o r m  h a c  t e r  i a  T r e r e  c o n d u c t e d  o n

t h e  s a m p l e s  c c l l e c t e d  a t  t h e  p r o c e s s  i n g  p l a r r t s  "  t n  n o  c a s e  w a s  a n y

pos i t  i ve  i sc la t  ion  o f  Sa. !q ,gqg] -1a* - '  o r  co l  i  fo rm bac ter  ia  made.  The

r e s u l  t s  o f  t h e , s e  a n a l y s e s  a r e  s h . o w n  i n  T a b l e  3  .

C g n c l u s i o n s

I  '  B a s e d  u P o n  t h e  c o m P o s  i . t  i o n  a n d  p r o c e s s  i n g  t r e a t m e . n t s  g i v e n

p r o c e s s e ' d  d r  i * d  f r ' u i f  s  o n €  w o u l d  e x p e c t  l o w  m i c r o L . i a l  c o u n t s .  R e s u l t s

o f  t h i s  s u r v e y  c o n f i r m  t h i s  e x p e c t a t i o n .

2  '  H i g h  c o u n t , s  f o u n d  o n  d a t e s ,  p r u n € s ,  a n d  r a i s r n ;  c . o r r l d  b e  r e l a t . e C

t o  a  l a r g e r  a m o u n t  o f  * Q u i p m e n t  o r  h a n d  p r o c e . s s  i n g .  f h i s  p o i n t s  t o  t h e

n e e d  t o  m a i n t a i r ' .  c l e : n  h . a n d l i n g  p r o c e . d u . r e s .  s o r n *  h i g h  c o u n t s  c o u l d  n o t

b e  e x p l  a  i n c d  .

3 '  N o  S a l m ' r n e  1 1 r t  o r  c o l  i f o r m  b , a c t e r i c  w e r e  i , s o l a t e d  f r o m  t h e

p r o c e s s e d  f r u i t  s s m p l e s  .

l *  '  S t u d  i e s  i n d  t c t t ?  t h . l t  i n  s c m e  c a i e s  S a l m o n e  l  l a e  a r t i f  i p i a l l y

i n o c u l a t e d  o n t o  f r u t r  c i T r  s u r v i v c  h u t  o n  n : o s t  d r i e d  f r u i t  s u r v i v a l  t i m e

i s  s h o r t

t l
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Counts Per Gram of

Yeast and }l,old

Tab le  1

Fruit  of Aerobic Baeteria and

on Processed Dr ied Fru iEs

$,),

App les

No.  samples
analyzed 15

Bacter ia

Average 274

I.ledian* 10

907. of Counts
less than 730

Range 0-2600

Yeast and mold

Average 261

Median* 8

947. of Counts
less than 730

Range 0- 1500

CuE fruit Da te  s

83s

53

7s7

0-11  ,000

52

0-  210

6487

320

21  ,000

0 -50 ,000

2478

90

72A

0-30 ,000

F i g s

1 5

662

30

93

0-  7700

1 1 0

0 - 1 2 0

3 718

0

4600

0 -50 ,000

2542

1500

8200

0 -60 ,000

182915

Prunes Rais  ins

50

23

0

L7

0

851

0

6000

0-  7100

3934

390

20 ,000

0 -30 ,000

*Ihe median represents

above 50% below thls

the middle number, that is 507" of the counts were

number.

t2
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T a b l e  2

Surv ivaL  o f  SA lqone l  1ae , typh imur lum Inocu la ted

c n t o  D r i e d  F r u i t s  a n d  S t o r e d  a t

R.oom Temperacure

_Davs of  S r .orage

g L 2"2: 50
A

App les -  +

h
Cut  f ru i t -  +

D a t e s  +  +

F. igs + +

Prunes + +

Ra is ins  +  +

& ig i .na l  popu la t ion  100 ,000  per  g ran  f ru i t

*  Surv ivors No surv ivor 'g  det ,ected

t 8 3  p , , p . m .  S O e

bg lo  p  .p  .m.  soz

i l

+

+

r3
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' f ab le  3

Ana lys i . s  o f  Dr ied  F ru i t s  fo r  Sa lmone t lae  and  Co l i fo rm Bac te r [a

S a l m o n e 1 l a e Col i forms

F o , ,  a n l l v ? e s  . P o s i t  i v e  N o .  a n a l v s e s  P o s i t i v e

App les

Cut  f ru i t

Da tes

F  i g s

Prunes

R a i s i n s  1 9 6 6

19

20

25

28

214

30

13  0

5

20

15

10

31

1967  51
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