
Q~LEVEV (AD
TECHNICAL REPORT
NAT ICK/TR~19/O29

H

EVALUATION OF INSECT-RESISTANT -TREATED
FOOD SACKS FOR MO LD RESISTANCE

by
I .B. J. WI ey

M. Greenberg:r

Approve d f or public r.l.as.,
June 1979

dist ribut ion unlimited.

UNITED STATES ARMY
NATIC K RESEARC H an d DEVELOPMENT COMMAND

NAT ICK , MASSACHUSETTS 01 760

~ 7rw r~ .
~ Food Sciences Laboratory

_ _ _ _ _ _ _ _ _  

_ 
_ _  

I



Approved for public release; distribution tuiliaited.

Citation of trade naaes in this report does not
constitute an official indorsement or approval of the
use of such items.

Deetro~r this report when no longer needed • Do not
return it to the originator.

‘4

±~~~~ _ _  

_ _____ _ _ _ _ _ _ _



UNCLA SSIFIED
S(CU~~ITV CLASSIF ICATION OF THIS ~~A O~ (V%.., ta. . I&s,.4~

~~~~~~~~~~~ I%I~~~ I I A A ~~ ~~~A~~~Iá%&I f l A~~~~ 
READ U4STRUC11O14$

l~~~~~VI~~I LPU%..UUILP4 I A I IUI~ ~~~~~~ BEPOM~ COMPL~~Tfl4G FORE

~ ~~~~~~~ S. GOVT ~cciusow NO $~ AICIPIINT I CAT A LOG NUNS(~~

:
‘ . . ..N~~~ .LrR-79/oz9: 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

S. TIT LI ( d  IubUiS.) TYPI OF N(pb II~+ & 411100
- ——--  - ~~- j  Fino1-~epa’t.~.1~VALUATION OF jNSECT-JESISTANT-TREATED June ’~)97D~• FOOD SACKS FOR MOLD ESISTANCE 1 S. PI11Po11~~~~S O*O. NIPONT NUNRI11

~~. Aut~~O~~ .) S Cow T~~A C Y O R S11ANT NUNStN(.)

• 
8. J ./4fla.~ t4~~4~reenberger~~a.d A. M./KIplan J 

_________________________

S. PI11FO~~~INO ONGA NIZA TSON NAM S AND *0011(51 10 PNOONAM 1LtM1M~. PNOi~~~~T~~*IN
ANLA A *011K UNIT NUMUNS

Food Sciences Labo ra tory , DRDNA-YEP . ~6.2US Army Natick Research and Development Conmiand 1L162724AH99 I
Natick , MA 01760 Work Unit B~-OO2

I S .  CON Y OI.LINO OPPICI NAM S AN D *0011(15 Ja. ,U~PoftLD*T& ‘I

US Army P4atick Resea rch and Development Conmiand ~~~, Junp ~~79 /
Food Sciences Labora tory . DRONA-YEP I~ . *~~~~~~~~~ P W*1~(S

Natick MA 01 760 31
~I ISO$IYGL NG A5(NCV NAMU I A0ONI$W S ~~N.i~~st I~~~ C.IAMSII.4 OHS..) IS. S(C U NIT Y CLASS. (.S *iJ,~~.fl)

-
. UnclassifiedJ TI.. 

g~ C~~ASS.rICATIO N1O0WWONADINO

‘ ~ SU?1O* STATSIIINY (.t *5. R.p.eI)

Approved for publ ic release , distribution unlimi ted .

l~ . OSSYRI SUTION $TAT UMCNT (.5 *. .5.1V C1 MuI... d M lS..k 15. It ~~Ns,~~I

$5. SUPPLSMIMTANY MOTh

IS. NIT *01105 (CwSM.a. ~~‘ ~~~~~ ~~~~ ~~~~~~~~~~~ ‘ ~~~‘.‘~~ ‘ ~, ~~~ ~~~‘-~ MICROBIAL DETERIORATION
INSECT-RESISTANCE AFLATOXI NS PACKAGING MATERIALS
PYRETHRINS OCHRATOX IN PACKAGING

• \ PIPERONYL BUTOXIDE ENV IRONMENTAL STUDIES MATERIALS
‘\ MOLD-RESISTANCE FUNGAL-PENETRAT ION FOOD SACKS

• MYCOTOXINS MICROORGANISMS STORAGE
pa~ A~~~TRACT ( ‘— -— 

~~~~~ W ._~~-_ ~~~ S$~ W••I as ...J
• 

• Insect-Resistant-Treated (IRT) food sacks were evalua ted for mold resistance
under field conditions , and in the laboratory using plate , tropical chamber
and soil burial tests. Penetration of fungal growth through the layers of the
multiwall food sacks was also evaluated . Mycotoxin production was determi ned
using known aflatox in-producing fungus strains as controls. Thi s determinatio
was needed because 15 of the 69 st rains of fungi Isolated from the food sack
samples used In the field study represented two groups of organisms known to
produce carcinogenic metabolites duri ng growth. ~ /

DO S J ~~~~PS W3 .OST$ON OV 1 NOV SI IS OSSOL.T1 U~~LASSIFIED/ Iscvm~v ~~.~~~~9SC*tION 0. TIul P*5( (~~~~ 
5... &u.r .

:~~~, . . 
-

~~~

. • _ _ _ _ _ _ _ _ _

— — — —.-- .——— —.-—-— -..- —..--- .~~~~ -_ :~~~~~~~ -. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ . ..&___ _ _~~~~__.._~ — -__.-... - -_ —-—--



PREFACE

Insect-Resistant-Trea ted (IRT ) food sacks are required mostly for

storage of wheat f lour in Department of Defense (DoD) suppl y systems .

Since DoD uses a relatively small number of these sacks, consideration

is being given to using the same type of sack used by the Uni ted States

Department of Agricul ture (USDA) for its Food for Peace program . We

thank Dr. Henry Highland of the Stored Product-Insects Research Labora-

to ry , USDA for supplying the standard IRT and experimental test sacks

used in our studies , and for the Interim report of the USDA field stud—

ies conducted In Santo Domi ngo , Dominica n Republic.
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EVALUATION OF INSECT-RESISTANT-TREATED FOOD SACKS FOR MOLD RESISTANCE

INTRODUCTION L

• Insect-Resistant-Trea ted (IRT) food sacks , developed by the United

• States Department of Agriculture (USDA ) are used to store and ship large

quantit ies of a number of processed cerea l grains as part of the Food

for Peace program of the Agency for Internationa l Development (AID). 1 t
The IR treatment consists of pyrethr i ns , synergized with pi peronyl :.,

butoxide . Although the trea tment is applied to the outer kraft layer of

the sac ks , piperony l bu tox ide can mi grate through multiwall kra ft layers

and through the food-enveloping polyethylene (PE) liner. 2 Highland , et

~ Ial. have reported that thi s mi gration can be prevented by inco rporation

of a greaseproo f layer in the construction of the sack.3

Large quantities of filled sacks are shipped from Great Lakes ports

during cool and cold weather. During long shipping periods , the ambient

• tempPrature increases and moisture condenses on the sacks which encour-

ayes mold growth on spilled materials adhering to the sacks. Consequent-

ly, the growth weakens the pa per with loss of the insect-resistance and

possible formation of toxic funga l metabolic products (mycotoxins).

1 Hiy hland , H.A. 1976. InterIm Report on Storage Test wi th Experimental
IRT Mold Resistant Shipping Sacks. (Unpublished).

• 2Highland , H.A., E.G. Jay, M. Phillips and D.F. Davis. 1 966. The Mi-
gration of Piperony l Butoxide from Treated Multiwall Kraft Bags into
Four Commodities. J. Econ. Entomol . 59: 543-545.

3Highland , H.A.~, M. Secreast and P.A. Merritt . 1970. Packaging Mate-
rials as B a r r i e r s  to Pi peronyl Butoxide Migration . J. Econ. Entomol .
63: 7-10.

5
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Preliminary labora tory tests by the sack manufacture r indicated

that the antimicrobial agent n-dodecyl guanldine hydrochloride Is in-

effect ive in preventing mo ld fo rmation on the surface of the sack , but

tha t a thin PE coating on the outer kraft l ayer would prevent mold pen-

etration .4 Dr. Highland reported that a thin exterior PE coating would 1:
make the IRT shipping sack mold resistant.5

Since IRT shipping sacks are also required for the shipment and

storage of wheat flour in Department of Defense (DoD) suppl y systems,

it had been suggested that DoD use the same sack now used by AID.

In December 1975, a study was Ini tiated in our laboratory to eval-

ua te four types of IRT food sacks for their ability to resist microbial

growth.

MATERIALS AND METHODS

Construction of four types of IRT sacks manufac tured by St. Regis

Paper Co. for USDA Is shown In Table 1. Sample 1 was the standard sack

now in use; samples 2 , 3, and 4 were newly developed test sacks protec-

• ted by the recommended PE coatlig.6

4See footnote 1.

5Hl ghland , H.A. 1978. Insect Resistant Package Design , p. 36, j~: Pro-
ceedings of Fall 1977 Meeting , Research and Development Associates
for Military Food and Packaging Systems, Inc . 4-6 October 1 977.

6See footnote 1.

6
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TABLE 1 . CONSTRUCTION OF IRT SACKS

Sack No. Construction

3-ni l (76.2 ~4m) PE l iner/four 50-lb (22.7 kg) pl i es!
one 60-lb (27.3 kg) IRT ply

2 76.2-im PE liner/four 22.7 kg kraft plies/one 22.7 kg
I RT , PE-coa ted ply

3 76.2-nm PE liner/three 22.7 kg kraft pl i es/one 40-lb
(18.2 kg) greaseproof ply/one 22.7 kg IRT , PE—coated
ply

4 76.2-pm high impact PE liner/three 22.7 kg kraft plies !
one 18.2 kg greaseproof ply/one 22.7 kg IRT , PE—coated

• ply

Storage Tests

A f ield test to evaluate the efficacy of the PE coating in prevent-

ing funya l damage to the shipping sack was conducted by the USDA Stored

Product-Insects Resea rch and Development Labora tory, Savanna h , GA at

Cooperative for American Remittances to Europe , Inc . (CARE) warehouses

in Santo Domingo , Dominican Republic. Sacks filled with corn meal-soy—

milk mixture (CSM) were shipped from Milwaukee , WI on December 4, 1975,

and arrived in Santo Domi ngo on December 18, 1 975. Two pallets , each

• containing 60 sacks of two types were set up. A PE sheet sepa rated each

type of sack and the sacks were stacked 10 tiers high. A small quantity

of CSM and water was sprinkled on each tier. The loaded pallets were

then wrapped with PE and allowed to incubate for seven weeks .7 After

tha t time , samples of the standard IRT sack (Control Bag 7) and of a

7See footnote 1.

7
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test sack (Test Bag 3) were sent to the Environmental Protection Group,

FSL, NARADCOM , for identification of the mol ds .

Fui~ ftRe~.istanc e Test

Plate testing was done using the American Society for Testing and

Materials (ASTM) 621-70 procedure8 which invo l ves :

1) placing the specimen onto the surface of an agar medium (Tabl e 2)
in petri plates ,

2) inoculating the specimen with the suitabl e organisms (Table 3) ,

3) incubating the i noculated specimens under conditions suitable
for growth , and

4) examining and rating for visua l growth.

TABLE 2. NUTRIENT SALTS MEDIUM* p

KH2P04 0.7 g

K2HP04 0.7 g

MgSO4 7H20 0.7 g

NH4NO3 1.0 g

NaCl 0.005 g

FeSO4.7H20 0.002 g

ZnSO4 7H20 0.002 g
• MnSO4~H2O 0.001 g

Agar 15.0 g

~~~~ Dist illed 1120 1.0 1

*pH 6.0 to 6.5, autoclaved at 121 °C for 20 minutes at 15 psi (1.03 x
IO~ Pa).

8Lukens , R. P. Managing Standards EdItor. 1976. Annual Book of
ASTM Standa rds. Part 35. ASTM Designation : G21 -70 (Reapproved 1 975).
American Society for Testing and Materials. Philadel phia, PA.

8
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TABLL 3. FUNGI USED IN PR~P”RING MIXED SPORE SUS PENS ION
• QN 2l 9c Aure obasid ium pullu lans

• Qtl 365 Ghoclad iun v i rens

QM 380 A~p~r~~Hus f lavus *

QM ~~~~ A p ~rj~ l lL~ niger

• QN 391 P er i l lu: fun iculosum

QM 43 ~ As pt~~jjj us vers ico lo r *

QH 459 Chaetom iutu y lobosum :
*NOt required in the spec i fication , but organisms of speci f ic  interest

may be i ru• l uded .

A .pore suspension of each of the organisms l is ted in Tabl e 3 was

prepa red by adding 10 mi ll i l i ters (mL ) of s ter i le  d is t i l led water con—

ta m ing 0.05 g/L of a nontoxic wett ing agent (Tween 80) to a 2 to

• I week -old culture and scraping the surface growth wi th a s ter i le  inocu-

lat ing loop to dis lodge the spores . The resultant suspension was then

f i l te red throug h s ter i le  g lass wool to remove hyphal fragments. Steri le

d is t i l l ed  wa ter was added to 50 mL. The suspension was centri fuged

asept ica l l y  and the supernatant solution was discarde d. The pellet was

washed twice by resuspending in 50 mL of s ter i le  d is t i l led water , c e n t r i-

fuging, and discardin g the supernatant solut ion.  The fi nal pel let was

di luted wi th ster i le nutrient sa l ts  solution so tha t the resul tant spore
• ~

• suspension conta i ned 1 x 106 ± 2 x ~~ spores/mL determined wi th a Levy

coun ti ng c ham ber . Equa l volumes of eac h spore suspens ion were blen ded

to obtain the fi na l mixture.

9
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Samp lr . of the six-layered sacks were Cut nto approximatel y i cm

squares which were ethylene oxide (ETO) sterilized , together wi th fI l ter

paper contro l discs (Whatman #1 , 5.5 cm diameter circles). Three spec i-

mens and three controls were prepared from samples for each type of

sack.

Specimens were placed onto the surface of nutrient sa lts aga r

plate s , i noculated by spraying wI th the mixed spore suspens ion , and I n -

cubated at 28° ± 2°C for a minImum of 21 days , the growth being observed

and recorded at week ly intervals.

Soil Burial and Tropical Chamber Exposure

Small 2 x 2-inch sacks (5 x 5 cm) were fashioned from the four

types of IRT food sacks. Paper from the sack ma terials was cut Into

4 ~ 2-inch (10 x 5 cm) str ips and then hot-glued to form a pouc h. The

PE i nner liner was separately heat-sealed on three sides , filled with

CSM , and heat-sea l ed on the fourth side . This food packet was placed

in to the paper pouch , and the sack was sealed on its fourth side . These

were placed in a soil bed and incubated at 30°C and 95% relat ive humid-

ity (RH) in a tropical chambe r (Figure 1) .

A second experiment was designed to direct fungal attack to the

outer surface 0f the sack material . A hole (3.7 cm diameter) was dri lled

into the center of bakelite-type plastic caps of 2-oz (57 g) glass jars .

• Test circles , 4.9 cm diameter , were cut from the food sack materia ls and

cemented with silicone rubber adhesive to the inside surface of the caps

• and allowed to set overnight. A small amount of CSM was placed in each

10 
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Figure 1. Scaled-down Food Sack System
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Figure 2. Food Jar System
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ja r , t aps were attached loosely, and the jars were [TO ster ili zed for

t i ve  hours . After  te r i l izat ion, the caps were tightened, and a layer

of i l i tone rubber was appl ied to the cap-jar junct ion to mlniml.’r

penetration along the jar threads . Jars for soil exposure were inv ert -

u th at CSM was in contact with the inner PE liner of the food sack

i i i  t er la I (Figure .~ ) .

ti I 1 Pent tra t ion Studies

Funga l penetration of the sack s was determined by cut t ing c i rc les

of  the s i x - layered sacks and using these as l iners in Ball jar l ids

• f4i. te ned to Mason pint (0.5 L) canning ja rs .  Two se t s  wer e prepa red

for each of the four sacks . The sets were [TO s te r i l ized , and CSM was

sprink led on the top layer of’ one se t .  Both sets were then sprayed

w i t h  th e mixed fung us spore suspens ion , incubat e d in a small humid cham-

ber at 3 0 C  for one month , [TO s te r i l i zed , and e x a il r i r d . Scanning elec-

tron pho toinicrographs (SEM) were taken of the undersurfa e ~ t the outer-

rno.t layers of the samples used in the penetration stuay .

Ht I  (I I ) Ie f l t m t i  d t . lo f l

In March 1976 , two sets of deter iorated s a c k  samples from the USDA

f i e ld  test  we re received from the Dominican Republic for ident i f icat ion

of the mold growth. Each set conta ined a sample of the standard sack

and a test s a ck .  The fungi present on the deteriora ted sacks were i so-

lated by using three media : pota to dextrose aga r (PDA), rose-benga l

strept omycin aga r (RBS), dn d hay Infusion aga r (HAY). The PDA and RB

1 ~
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media are available commercially. Streptoniycin (8 mL of a 1%

solution per L) is added to form the RBS. HAY aga r is prepared as

shown in Table 4.

TABLE 4. HAY INFUSION AGAR

Dis t i l led  1120 1.0 L

Dr ied  grasses 50.0 g

Au toclave 30 mi nutes at 12 1°C. Fi lter

infusion f i l t ra te 1.0 1

• K2HPO4 2. 0 g

Adjust ph to 6 . 2  + 0.2. Sterilize 20 mi nutes at l21~ C. ::
~ycotoxin Production

Analysis for mycotoxin production involved using a glucose-ammonium

nitrate (GAN) medium (Tabl e 5),  inoculating 50 mL of the medium per

250 mL flask wi th the suspected organism , and incubating at 25°C for

• ten days under stat ic conditions .9’ 10

Af la tox in -producing strains of Aspergi llus flavus and A. parasit icus ,

and ochra toxin-producing A. o ’hraceus were obtained from the Culture

Col lect ion of Fungi (QM), Depa rtment of Botany , University of Massachu-

setts , Amherst , MA , for use as controls (Table 6) .

98rian , P.W., A .W. Dawkins , J. F. Grove , l-I .G. Hemming, 0. Lowe and
G.L.F.  Norris. 1961 . Phytoxin Compo unds Produced by Fusarium

: eguisetti . J. Expt’ l .  Bot. 12: 1-12.

10Parrish , F.W ., B. J. Wi ley , E.G. Simmons , and L. Long, ‘r. 1965 . A
Survey of Some Species of Aspergillus and Penicillium for Production
of Aflatox ins and Kojic Acid. Technical Report , Microbio lo gy Series
No. 20 , US Army Natick Laboratories , Nat ick , MA. 21 pp.

13
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TABLE 5. GLUCOSE-AMMONIIJM NITRATE MEDIUM (GAN)

Gl ucose 50.0 g

NH 4NO 3 2.4 g

KH2PO4 10.0 g ‘

MgSO4 7H20 2.0 g

Distilled 1120 1.0 L

Minera l supplement* 2.0 mL

*Mi neral suppl ement

FeS04~7H2O 0.1 g

CuSO4 5H2O 0.015 g

ZnSO4~7H2O 0.1 g

MnSO4 H20 0.01 g

K2MoO4 5H20 0.01 g

0.25 N HC1 100.0 mL

TABLE 6. MYCOTOXIN-PRODUCING QM STRAINS

QM 4780 Aspergi llus flavus

QM 5828 Aspergi llus ochraceus

QM 8378 Aspergillus parasiticus

QM 9363 Aspergillus parasiticus var. 9jobosus

14
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Reference standards of aflatox ins and ochra toxln were obta i ned

from Dr. R. 0. Stubb lefield , Northern Regiona l Research Center (NRRC),

Peoria , IL , for use in th in- layer chromatography (TLC). The reference

standard for aflatoxins conta i ned 2.5 micrograms (i~g ) of B l /mL , 0.5 og

of B2/mL , 2.0 ,~g of G1/mL , and 0.5 ~g of G2/mL . The standard solution

of ochra tox in A contained 5.0 ~g/mL)1 ’ 12

The GAN medium was extracted with an equal volume of hot chloro-

form (CHC1 3), cooled to room temperature , and fi l tered through glass

wool.  The f i l tere d a queo us/c h loro form m i x ture was shaken , th e CHC 1 3
l ayer was remove d , and the aqueous layer was re-extracted wi th an equa l

I
vo l ume of CHC 1 3. The combi ned CHC1 3 ex tracts  were d r ie d w ith anh ydrous

sodium sulfa te , filtered , and evaporated to dryness under reduced pres-

sure .

The residue remaining af ter evaporation of the CHC 1 3 was dissolved

in a known amount of CHC 1 3, microl i ter quantit ies were spotted onto

act ivated 5 i l ica  Gel G thin-layer plates , developed in 3% metha nol in •

C ud 3, and exa m ined under u l t rav io le t  (UV)  light .

Af la tox ins , when present , appear as blue or blue-green fl uorescent

spots at Rf val ues of 0.4 to 0.5. Ochra tox ln appears as a yellow-green

fluorescence a t an R value of 0.3 to 0.4.

11 windholz , M., Ed . 1 976. The Merck Index. Ninth Ed. Merck and
Co., Inc., Rahway , NJ.

12Stubblefield , R.D. Personal Communication.

15



Determi nation of Af latoxi n Production on IRT Food Sacks

Ei ghteen flasks of NH4 NO3 medium (CA N , Tabl e 5, wi thout glucose)

were prepa red , 50 mL/250 ml flask. Four flasks each of IRT food sack

samples 1 , 2 , 3, and Wha tma n fi l ter paper control discs (16 flasks

total), were set up . Half of these (8) received a small amount of CSM .

Half of each received no CSM (8). Two additiona l flasks contained only

NH 4 NO3 medium and CSM. Two flasks containi ng CAN (50 mL/250 ml flask)

were used as controls.

• A spore suspension of QM 9363 Aspergil lus parasiticus var. globosus

was prepared by pouring 10 ml sterile distilled 1120 containing 0.05 gIL

of Tween 80 into a 2 to 3 week-old culture of the organism , suspending

the spores , and using this as an Inoculum . Approximately 0.1 ml of the

suspension was used to i noculate each flask. The 20 flasks were incu-

• ba ted under static conditions for six weeks at 28°C + 2°C. The same

extraction procedure was used as for the mycotoxin ana lysis.

• RESULTS

• Storage Tests

The sto rage tests perfo rmed by the USDA found tha t the mold on the

standard IRT sacks ranged from 10% to 80% surface coverage , from 1 to 5

layers had been penetrated , and frequently the paper was digested . Mold

on the test sacks ranged from 0% to 90% coverage of the surface area ,

with test sack type 3 being the most severely affected . Mold had not

penetrated to the inner layers of sack types 2 and 4 , but had penetrated

16
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from 2 to 5 inner layers of seven sacks of type 3, although the paper

was usua l l y intact. The USDA tests also showed that the greaseproo f

ply i ncorporated In test sack type 3 had prevented migration of the IR

treatment to the i nner plies. More than 20% of the synergized pyre-

thrins on sacks without a greaseproo f layer had moved into the I nner

kraft plies . Tests on empty sacks showed that there was a 40% loss of

trea tment from the outer ply after one month and a 6 7% loss after six

mon ths.13

Fi gures 3 and 4 show the IRT food sacks during the USDA storage

test in the Dominican Republic.

I4

t
4’

~~~~~~~~~
. 

~~~~~~~~

- 4

Fi gure 3. IRT Sacks Under Test In the Dominican Republic

13 See footnote 1.
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Fi gure 4. IRT Sacks after Seven Weeks of Incubation Showing Moldy
Patches

Funga l Res istance Test

Evaluation of the four IRT sacks in our laboratory , according to

the ASTM procedure , gave the results shown in Table 7.

TABLE 7. MICROBIAL EVALUATION OF IRT SACKS

Sack No. Eval uation

1 Profuse growth completely coveri ng the
outer layer of the sampl e and penetrat-
Ing through all layers .

2 Light to medium growth covering the
outer layer , wi th heavy growth on the
inner layers .

3 Light to medium growth covering the
outer layer , with heavy growth on the
Inner layers.

4 Light to medium growth covering the
outer layer, wi th heavy growth on the
inner layers .

• • 
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Soil Burial and Tropica l Chamber Exposure

Table 8 contains da ta from the scaled-down food sack systems a fter

1 to 14 days of soil burial. After 7, 10 , and 14 days exposure, sack

systems were retrieved from soil burial , and each sack was separated

into layers for observation of visible funga l growth . Sack type 1 con-

ta m ed growth between kraft layers 1 and 2, between 4 and 5, and exten-

, ive growth adjacent to the food-containing packet after 7 days soil ex-

posure , with growth between all layers after 10 days . Sack type 2 had

trace growth adjacent to the food packet after 10 days of soil exposure ,

and growth between all layers after 14 days.

TABLE 8. RESULTS FROM SOIL BURIAL TEST

Kraft Layers

Days Soil Sack PE-Coated

~~p~s ure ~~~ 1st 1 RT 2nd 
~~ 4th 5th Pt liner 

~21 I 1
7 .,.b + +

2
3c
4C + + + +

10 + + +
2 +
3 + + +
4 + + + + •1~

14 1 + + + + +
2 + + + +
3 + + + + +

L ~ 
4 + + + + +

aIRT kraft ply witho ut PE coating
bMoId growth between adjacent layers
c2nd kraft ply Is a greaseproof barrier



Sack type 3 exhibited the same growth pattern between layers ‘~fter 10

days of soil exposure tha t type 1 had exhibi ted after 7 days , and growth

between all layers after 14 days . Sack type 4 had growth adjacent to

the food packet and between all layers except layers 3 and 4 after 7

days of soil exposure , and growth between all layers after 10 days .

The absence of growth between some inner layers of the sack systems

suggests that fungal growth proceeded both from the outer surface and
‘ • l

from i nner layers , as wel l as through possible pin -hole ‘l eaks in the H
hot glue seals used to form the paper pouch. The experiment wi th food

jar systems was devised to direc t funga l attack to the outer surface of

the sack materials.

Table 9 contains data obta i ned from the food jar systems after soil

and tropical chamber exposure . After 35 days in either soil or tropical

chamber exposure , jar systems were disassembled , and kraft layers were

separated for growth ratings. Trace funga l growth was observed between

all kraft layers of all sack types evaluated for both soil and tropical

chamber exposure . Growth was also appa rent in the moist CSM of sack

types 1 and 2 after tropical chamber exposure . PE-coated sack types 2

and 3 supported only trace surface growth in soil or tropical chamber

exposure , unlike uncoa ted sack type 1 whIch supported heavy surface

growth. Nevertheless, the data suggest tha t the PE coatings of sack

types 2 and 3 were no more effective than uncoated sack types in pre-

venting funga l penetration of the kraft layers .

20
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TABLE 9. DATA FROM SOIL AN D TROPICAL CHAMBER EXPOSED JAR SYSTEMS

Kraft Layers

Sack PE-Coa ted
[xpo s ure 1 st I RT 2nd 3rd 4th 5th PE ii ner CSM

4* 1 1 1 1 1 0
days 2 1 1 1 1 1 1 0

• soil 3b 1 1 1 1 1 1 0

35 1 4 1 1 1 1 1
days 1 1 1 1 1 1
TC 3 1 1 1 1 1 1 0

a IRT kraft wi thout PE coating
b 2nd kra ft ply is a greaseproof barrier
C Kra ft layers became moistened
d CSM became moistened

No growth
1 1% - 10% surface area coverage
2 10% - 30% surface area coverage
3 30% - 60% surface area coverage
4 60% -100% surface area coverage

Mold Penetration Studies

The funga l penetration studies gave the results shown in Table 10.

SEM of the undersides of the l ayers of the samples show the funga l growth

illustrated in Figures 5 and 6, demonstrating the inability of the thin

PE coating to wi thstand microbial penetration.

Mold Identificati on

• Fi gures 7 and 8 show the deteriorated IRT food sacks as they were

• received from the Dominican Republic storage test conduc ted by the USDA .

Table 11 lists the fungi tha t were isolated and identified from

the deteriora ted sacks.

• 21
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TABLE 10. MICROBIAL PENETR.A.TION STUDY OF IRT SACKS

With Fun~al Spray Alone:

Sack No. Eva l uation

1 Heavy funga l growth on the outer l ayer . This layer
had split and separated . Fungal penetration through
all layers to the PE liner .

2 Light fungal growth on the outer layer. Fungal pene—
tration through all layers to the PE liner .

• 3 Light funga l growth in a few scattered areas on the
outer layer. The PE coating had cracked and there
was heavier growth in these areas. Funga l penetra-
tion through all ‘l ayers to the PE liner .

4 Light fungal growth covering the outer layer . The
PE coating had cracked. Fungal penetration through
all layers to the PE liner.

Wi th CSM Mixture and Funga l S9ra:~~
1 Very heavy funga l growth on the outer l ayer. The

outer l ayer had sp l i t  and curled back . Funga l pene-
tration through all layers to the RE ‘liner.

2 Moderate fungal growth on the surface . A few frac-
tures in  the RE coa ting wi th heavier funga l growth
beneath . Funga l penetration through all layers to
the PE l i n e r .

3 Moderate funga l growth coveri ng the surface l ayer .
The RE coating had fractured and curled back in
places wi th heavier funga l growth beneath. Fungal
penetration through all layers to the RE liner .

4 Light fungal growth coveri ng the surface. The PE
coating had split and curl ed in places . Funga l
penetration through all layers to the PE liner .

22
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FI gure 5. SEM of Funga l Growth on Underside cf Outer Layer of IRT Sack
No. 1
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Figure 6. SEM of Fung al Growth on Underside of Outer Layer of IRT SackNo. 3

23 

• ..
•~ • • • •.• • • .~• . • • . . • • __•• • ••



~~
•- •-- ~- —• ~~~~~ —~~ ~~~~~~~~~—~~----- ~~~ —•~~~ ~~~~~~~~~~~~~~~~~ ••~~~~~~~ - - -

p
~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. •

pI’
~ 

—
‘ 

- 

:~~ 4

Fi gure 7 . Sample of the Standard IRT Sack as Received from the
Dominican Republic
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Figure 8. Sample of the IRT Test Sa c k as Received from the Dominican
Republic
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TABLE 1 1 . FUNGI ISOLATED FROM DETERIORATED IRT SACKS

Control Bag 7, 3rd Tier

1st Series 2nd Series

• Trichoderma sp. (2 different species) Trichoderma sp. (2 sp .)

Aspergi llus flavus Asperg illus niger

A. f lavus var. columnaris A. f l avus

A. niger A.  tamarii

A. tamarii Penic illium sp.

Penicil l ium sp. (2 sp . )  Rhizopus sp. p~1
Tes t Ba g 3, 2nd Tier

1st Series 2nd Series

Penicillium sp. (2 sp.) Penicillium sp.

Trichoderma sp. Asper gillus tamarii

Mucor sp. A. flavus

• Paecilomyces sp. (prob. P. varioti ) A. sydowi

Rh izopus sp. A. oryzae var. effusus

Aspergi l lus tamari i A. fumigatus

A. f lavus A. ochraceus

A. flavus var. columnaris Trichoderma sp.

A. niger group Mucor sp.

-I
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~otoxin Production

A total of 69 fungus strains were isolated from the deteriora ted

ack~. r~ceived from the Dominican Republic. Of these , 14 strains were

representative of the A sper gillus flavus , and one of the A. ochraceus

groups . These were selected to be checked for mycotoxin production ,

specif icall y, aflatoxins and ochra toxln .

Extracts from the four QM cul tures used as controls conta i ned

• lary ’ amounts of aflatoxins and ochra toxin when chromatographed wi th

reference standards of these compounds . The 15 IRT test stra i ns con-

ta m ed no detec table amounts of these mycotoxins and were considered

to be negative for the product ion of these carci nogens .

Determ i nation of Af latox in Production on IRT Food Sacks

Chroma tograms of the extracts of the contents of the flasks con-

taining th’ IRT food sack sampl es and the various controls showed afla-

toxins B and & were present in large amounts in the GAN control . Faint

traces of these mycotoxins were detected in the filter paper control s

without CSM and in the NH4NO3 controls wi th CSM . No afl atoxins were

detec ted in the extracts from the flasks containin g the IRT food sack

samples either wi th or wi thout the added CSM .
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DISCUSSION

Our studies have shown tha t the RE outer coating of the experimen-

tal IRT  food sacks did not prevent microbial attack and penetration of

the food sack materials in either soil burial or tropical chamber ex—

posure. In penetration studies and in plate tests , fungal hyphae had

penetra ted through cracks and holes in the RE coati ng and were growi ng

pro fusely on the outer surface. Funga l penetration is graphically

i l lustrated in the SEM pho tographs of the unders ides of these RE-coated

layers . No penetration of t he inner  RE l i ne r  could be demonstra ted .

The presence of mold on these sacks raised the question of whether
• . . . .toxic carc i nogenic fungal metabo lites were being produced. Ana l ysis

for rnycotox in production failed to show the presence of the metabolites

on the IRT food sack materials. Growth of mold does not necessarily

imply tha t toxins are produced , since genetic differences , moisture ,

tempera ture , subs trate, and incubation time are also involved .

For determi nation of aflatoxi n production on IRT food sack sampl es,

we chose six weeks incubation in li quid culture under static condi-

tions at 28°C ± 2°C based on studies by Sorenson , et al . who showed the

effec t of tempera ture on afl atoxi n production on rice , and Diener and

Oavis who studied temperature and RH limi ts for aflatoxi n in sound

mature peanut kernels.13 ’ 14

13Sorenson, W.G., C.W. Hesseltine and 0.L. Shotwell. 1967. Effect of
tempera ture on Production of Af latoxin on Rice by Asper gillus flavus.

• Mycopath . M,ycol . App l . 33: 49-55.

‘l4Viener , U.L. and N.0. Davis. 1 970. Limiting Temperature and Humi dity
for Aflatoxin Production by As perg illus f lavus in Stored Peanuts . J.
Am. Oil Chem. Soc . 47: 347-351 .
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~~renson . et a l .  found tha t a f la tox ins  are produced optimal ly at

?~~C when incubated 4 to 7 days under shaken condi tions , but they did

not eva l uate static conditions . Diener and Davis showed tha t at a mois-

ture content of 84 , aflatoxin production peaked at 42 days at 30°C .

rh~ limiting factor was the moisture content at RH 83% ± 1%.

Our study of af l a toxin production on IRT food sacks indicated that

there m a y  be something present in the sacks which inhibits aflatoxin

producti on . A possible inhibi tor is the presence of synerg i zed pyre-

thrins on the outer layer.

‘ 1 In hibiti on of a fla tox i n bi osyn thesis has been stu di ed by Hsieh who

found tha t commonl y used orga nophosphorus insecticides such as Parathion

and Ma lathion inhibi ted afl a tox in pro duc ti on. 15 Dichlorvos (dimethyl 2,

Z-dichlorov iny l phosphate) also has been found to inhibi t aflatoxin for-

mnat ion in a number of substrates .16 ’ 17 No references coul d be locate d

relevant to inhibition of aflato xin production by synergized pyrett’mrins .

~~Rsieh , D.P .R. 1973. Inhibition of Afl atoxin Biosynthesis of Dichlor-
vos . J. Agr. Food Chem . 21: 468-470.

16Rao , H .R.G. and P.K. Harem . 1 972. Dichlorvos as an Inhibi tor of
Afl atoxin Production of Whea t, Corn , Rice and Peanuts. J. Econ.
Lntomol. 65: 988-989.

17 Schroeder , N.W., R.J. Cole , R.D. Grigsby , and H. Rein , Jr. 1 974.
Inhibition of Af latoxin Production and Tentative Identification of
an Af latoxin Intermediate ~Versiconal Aceta te

H from Treatment wi th
Dichiorvos. App l . Microbiol . 27: 394-399.
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CONCLU S IONS

We have shown tha t the IRT food sacks are su sceptible to deteriora-

t iw i , even thoug h a P1 coating is inc l uded on the outer layer . When

hrt ’a k ,  or t r ack s oce ur in this coati rig , mold can penetrate through all

paper p1 m e ’. to the P1 l iner .  No penetration of the inner liner was de—

t (~~ ted

Ut the tr i m s isolated from the deteriorated sacks received from

the USDA study in the Dominican Republic , ~‘ O -  represented the Asper gi l l us

flavu s and A. och ra . t u s  g roup.  wh ie h are known to produ~ ~ mycotoxins .

A I t houg li r io  t o  ‘ins were s how ii to be formed in this instance , s tu d ies

w i t h  known t ox i n- produci n g str ai r e of fungi used as inoc ul a showed tha t

a f la t oxin- , were produced w h en the iiold grew on the CSM ma terial. None

Wd iletts ted when the oryan i sin wa’ grown wi th CSM on t h e  IRT food sacks.

Urn  i n m t t ’r p r e t a  t ion of these resul t~ is the possi bi l i ty of suppression

ot atl a tox in prod ertion hy the synerg iz ed  p y r e t h rin s  used for insec t

re . i’ t~~nct’ . This fac tor eds to be I ‘ I V O S  t i  ga ted , ~. I rice the spec i fic

ond i t i e r r ’ . requi r’ed for i n I h it ion of  UIYCO to xi n roduc t ion are not clear.

Further study a l so  is n e e d e d  i n  order to produce an acceptable IRT

m d  trio ) d rr”. I t i nt food sack f o r  use in the DoD supply system .

S

.5

- __________________________



_ _ _

RI FE RI N CES

1:rian , P. W ., A. W . Uawkins , J. F. Grove , II . G. Hemmi ng, D . Lowe , and
C. L. F. Norri s . 1961 . Phytoxin Compounds Produced by Fusarium
iq u i s e t t i .  J. [xpt ’I. Bot. 12: 1-12 .

t)iener , U. L. and N. D. Davis. 1 970. L i m i t i n g Tem pera ture and Hu mi d-
ity for A flatoxin Production by Aspergil lus flavus in Stored Peanuts .
J. Aiim . O i l Chem . Soc . 47: 347—351 .

Highland , 11 . A., E. C. Jay , M. Phillips and D. F. Davis. 1 966. The
tli grat ion of Piperony l Butoxide from Treated Mu ltiwa ll Kra ft Bags I .

into Four Commodities . J. Icon. Entomo l . 59: 543-545. . -:

Highland , H . A., M. Secreast and P. H. Merritt . 1970. Packaging mate-
n o)’, a. Barriers to Piperony l Bu toxide Migration. J. Econ. Entomol .
b3 : 7-10 .

S.

il i th ian d , H. A. 1976. Interim Report on Storage Test with Experi—
nni ental IRT Mold Resistant Shipping Sacks . (Unpublished).

Hi ghland, H. A . 1 978. Insec t Resistant Package Design , p. 36, In :
Proceedings of Fal l 1977 Meeting, Resea rch an d Development Associates
for Milita ry Food and Packaging Systems , Inc . 4-6 October 1977.

ilsi e h , U. P. H. 1973. Inhibition of Aflatox in Biosynthesis of Dichior-
vos. J. Agr. Food Chem . 21: 468-470.

Lukens , R. P., Ma na ging Standa rds Editor. 1 976. Annua l Book of
ASIM Standards . Part 35. ASTM Designation: C 21-70 (Reapproved
1975). Sta ndard RecorTinended Practice for Determining Resistance of
Synthetic Polymeric Ma terials to Fungi . Amer ican Society for Testing
and Ma terials , Philadelphia , PA.

Parrish , F. W ., B. J. Wiley , I. G . Simmo ns , and L. Long, Jr. 1 965. A
Survey of Some Species of Asper gillus and Penicillium for Production
of Af latoxins and Kojic Acid. Technical Report , Micro bio log y Series
No. 20, US Army Natick Labora tories , Nat ick , MA. 21 pp .

• Rao, H . R. G. and P. K. Harem . 1 972. Dlchlorvos as an Inhi bi tor of
A fl a toxin Production of Wheat, Corn , Rice and Peanuts . J. Icon.
Entomol. 65: 988-989.

Schroeder , H. W., R. J . Cole , R. 0. Grigsby , and H. Hem , Jr.  1 974 .
In hibition of Afl a toxin Production and Tentative Identificat ion of an
Afl a toxin Intermediate “Vers icona l Aceta te~ from Treatment wi th Di-
chiorvos. App l . Microbiol . 27: 394-399.

L 

30

—- -~~~~~~~~~~~ •
- - • ~~:‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

- ----



REFERENCES (cont ’d)

Sorenson, W. C.. C . W. Hesseltine and 0. L. Shotwell . 1967. Effec t of 4

Tempera ture on Production of Afl atoxin on Rice by Asper~ill us flavus.
Mycopa t h .  Mycol . App l . 33: 49-55.

Stubble field , R. 0. 1976. Persona l Communication.

Windhol z , M., Editor. 1976. The Merck Index , Ninth Ed. Merck and
Co., 1r~c., Rahway, NJ.

‘I

~1

‘

I

31


