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' |
s rond is consmed by more thhn 300 million people worldwide, but sullers postharvest losses

o 70% due todyyelopment of a phiaological disorder, vascular sticaking (VS), 18 to 96 hours
oncharcest Althongh many methods have been tested for alleviation of VS, the only commercial

apphication has been pacillin wae whieh permits shipping under refiigeration for more than 20 days

Swith minimal ocenence of VS However, paratling a a petroleum derivative, has been banned by

several conntries for diu'ect contact with food
'

o studies weere undedaken to deterine the ellicacy of several coatings as alternatives to paraflin

wie he gt dest compared paraflin wax, (100%), carnauba wax (100%).  two USDA

amictoenilsions - MOTA - (an- oxidized® pul\(‘lhyl(‘ll(‘/pl slioleum cmuhmn) M97B (a carnauba
\\,|\/,||(I|n|( am wax erthulsion), and xanthan gum (1%). Rools were obained on the day of harvest
near Rio de Janeith, washed, diied, coated, stored at $°C or 25°, R 90%, and evaluated periodically
lor 30 d.l_\s For paallin-treated roots stored at'25", VS and decay were absent for 14 days longer
than the untreated control, emulsion waxes and xanthan gum (total=16 days). Carnauba wax delayed
(hese symptoms for 5 days longer than the other coatings (total=7 days). Storage at 5° maintained
the 1oots fice from VS for 7 days and fiom decay for 16 (0 30 days, irrespective of coating.

The second test compared parallin wax with two carnauba emulsions and a vegetable oil emulsion,
and was set up similaly to Test |, extept all roots wete stored at. 25", Water-soluble carnauba
culsion maintained 100l quality eqliivalent to parafiin' wax, showing potential as a natural wax
substitute for paraflin Thare were no sighificant differeiices between treatments in either experiment
teganding cooking time, pulp color o moisture content ;

Keywords: Storage, Waxing, tropical 100t crofy, export '
o

' RESUMEN

Jaraiz dela yuca es consumida por mas de 300 millones de personas en el mundo entero. Durante

¢l proceso de distiibuci ion, este proselincto siifie de pérdidas, de hasta del 70% , las cuales son causadas
principalmente por un’ desorden fisiologico - decoloracion vascular (DV) - que ocurre entre las
primeras 4§ a 96, horas después de la cosecha. A pesar de que existen varios métodos para reducir
DA en la yuca, el imico proceso disponible comercialmente es la aplicacion de la cera de parafina.
i embargo reciantamente, .ll;-unm paises curopeos han prohibido el uso de productos derivados
del petialeo, como la parating, gue tengan un contacto directo con los alimentos

il presente investigacion, se muestian los resultados de dos estudios con yuca disenados para
wentificar cobertmas altemativas a paatina - Fa los dos experimentos las raices fueron obtenidas
cercade T cnidad de Rio de Taneiro, Hiasil En el prinier experimento las raices de yuca fueron
lwadas, secadas v tatadas inmediatamente después de la cosecha con una de las scguientes ceras:
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|
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o). catmanba (100%), dos micioemulsiones hechas por el USDA (MOTA y MO7R) y
I.as raices fucron almacenatlas durante 30 dias a S°C 0 25"y 00%% de
as raices almacenadas a 25° y pratadas con parafina se mantuvicion <
as mas que aquellas sin tiatalniento o aquellas aplicadas con las dos
Ia carnauba retiaso la aparicion de

patalina (100°
la poma xantana (i%e)
humedad relativa Aguell
mostrar DV o prdiicidg por 14 di
micracmnlsiones o fa poma de xantana (16 dias en total)
antamas por S dias mas que las demas coberturas evaliadas
DV por 7 dias y do pudiicion eutte 16y 30 dias sin importar ¢l (ratamiento

o

Ias raices almacenadas a 57 se
mantuvieron hbies de

a paralina fue comparada con dos emulsiones de carnauba ¢ accile

10 el seanndo experimepto |
< del primer experimento, pero almacenando las raices unicamente

vepetal, bajo las mismas condicione
2257 1 as emulsiones de carnauba (solubles en agna) mantuvieran la calidad de la ynea por 7 dias
potencial de la carnauba como un

en una lorma similar al tratamiento con parafina. Iisto sciala ¢l
bstituto de cera natural para la parafina, !

Palabras claves: Almacenamiento, cera, cxportacion '

INTRODUCTION

Cassava is a staple food worldwide, being consumed by more than 300 million people, Biazil is the

major producer with significant praduction in other tiopical and subtropical regions in Indonesia,
{hailand. Zaite and Nigenia (FAO, 1979) A 1001, cassava is consumed in many forms. Vauiclies
which contain significant amounts of cyanogenic glucoside, (known as bitter types), are genet ally
processed into flour to release the cyanide; those variclies with low amounts of this compound, (the
sweet types) (Yamaguchi, 1983), are sold as a fiesh market item and are boiled prior to consumplion
arketed as a fresh, whale roof and suflers up to 70% posthaivest losses due to

I'his latter type is m
nvn as vascular sticaking (VS). Postharvest life under

development of a physiological disorder ki
nontefrigerated handling conditions is limited to
\'S Cassava processing quality is also negatively aflected during handling. Duting this time stprches
convert to sugars, lowering culinary quality, and the roots became more fibrous, lengthening cooking
time (Booth, et al . 1976)  As rool age increased over 12 months, root starch decreased and annual
growth rings became apparent (O'Hair, 1989) For commercial operations high quality roots should
bhe harvested in 10 10 12 months fiom planting and should require no longer than 20 minutes coaking
tme (Personal communication, 1 Shuto, MAHA Industiia ¢ Comércio de Géneros Alimenticios,

I 1da . Campo Grande, MS, Biazil)

Vascular streaking appears as blue or purple spots when the root is cut transversely and is a result
of an oxidative process in the vascular bundles The development of VS typically ocew's al wonnd
ates. such as the apical end where the root is detached at harvest, or under breaks in the peel which
can ocenr during careless handling. The biosynihesis of VS is related to the oxidation ol scopoletin,
a phenolic compound (Wheatley and Sc hwabe, 1985) Aracena (1993) speculated that the immediate
canse of VS is ethylene, which is produced by the root as a (Iiu::cl

response to woundig or water stiess at injury sites

thods have been tested to reduce incidence of VS (Booth, 1976), the cunent
application of paraflin wax, whicli, in conjunction with
refieeration, extends shipping time to more than 20 days with minimal occurence ol VS However,
paraflin, a petioleum based wax, has been banned hy several Furopean countries lor direct contact

with food and may become a problem in the future for fiesh cassava 1 his study was undertaken to
approved by the US. Food ana Dinp

Although many me
commercial procedure for export is the

wentify coatings composed of compounds which are

Administiation with potential to substitute for paraflin wax on fresh cassava roots

3132

as little as 48 hr due to the rapid development of

NA ERIALS & METHODS

Fest |
'
i RS ' ¢
Illf‘\ll CASsav 1dols (cv Saacua) were harvested on 27 October 1993, about 12 months after
eyt A gl Pt 3 - . o
phin '“"|" in Santa Croznean the city of Rio de Jancinp, Biazil. The same (la)" of harvest the rools
e fa .«;n 1o the |:|I\(\|:|l(\! y at FNIBRAPA/CTAA where they were sorted for minimal mechanical
injuny ‘""g then washed, ai-dried. trimmed (o about 17 em length, dip-coated, air-dricd and stored
gy " Yo, » . . g o= § . i
. .|:n~“nm ( .'uul ahout 92 .95% relative humidity. The trealments (n=5 roots) were paraflin wax
: . s canmauba wax (100%), two hjicroemulsions: MOTA and M97B (from Dr. R.D Iagenmaier,
i Il (p\ul‘n'n nt ol /\mululluu Fropical and Subtropical Products [aboratory, Winter Haven'
donida). Nanthan pom (174 solution) and no coating, X iti B '
A X H ating. The compositions o ater i
iy ‘ | s of the water emulsions from
{ - ok . . ;
? MIIA v M97B
Carmauba wax (1 I,‘)%)
Petroleum wax (5.1%0)
' Oleic acid (3 0%)
Moipholine (2.6%)

) ! . '
Oxidized |nlvly(‘lhvlr'nlc (R.57%)
Cetiolenm wax (8.5%)
Oleic acid (3.0%%),
Maorpholine (2 6%4) :
. . 4
Pavallin and carmanba waxes were maigtained at 150" during the dip treatment
f?llfllily cvalnations were petformed regnlarly (Imiulg the subscquent 30-day storage period, n
I!l('l(lt‘n('l's ol VS and decry gas uhsorvm{ by a transverse cut S mm below the Irinm'\ed en;:l) .;nnel’dy’
; llllwr content and.moisture content (wet weipht basis) Pulp cdlor was measured in L, a, and b'val °
(S & M Colow Computer) and converted 1o hue angle and chioma using the ﬁ)ll(;\\’i'llg fonnula:'”

Pl
‘

1) Hueangle(tan'b/a) ))

: :
Chroma (a?1b?)"? |
. ' |
J ol peel temoval wi sMermi i ¢
15¢ of pec | '“"f“,“' was determined by removing about | em of the peel adjacent to the cut end
using a sharp pating knife, according to the fullowing scale of 1-5 (1=very easy scparation; S=very
dit)icult)  Pecled pieces fiom the root i i kod “
s medidin were boiled and considered co i

0 ; ; ‘ oked when a toothpic

wags casily mserted into the pulp. ' i

! ) ' .
'
' ' %
'

Test 2

: ;
Paraflin wax was compared with thiee commercially available emulsions, two made from camauba
wax and ane from vegetable oil. Roots of the same cultivar and age were obtained on the day of
harvest (27 hane |“)‘”) fiom the same grower “The treatment procedure was similar to that of'l):esl
I, with the excepitions that, afler washing the 100ls (n8) weire immersed for about 10 minutes in
‘\\'ul('_x (:““:"il“gi”!l ;nlmul 200 ppm fice chlorine (to reduce storage decay) and were lelt intact
unttimmed) 1S 1o 30 emvin length Upan diying the 1oots were coated wi in wax, F -
Fiesh 8101 (1 wax l‘\\-ulm, FMC, T akeland FL USA ). Brogdex 559 Bllli':c[.:(n:;:?;:l:;r:xe‘lz:l{s(i:oﬁl(.l
wax | water, Rrogdex Company, Pomona, CA USA) and Brogdex 522 vegetable oil emulsion (1
wax | water) Coatings were allowed (o diy overnight at about 22° (about 16 hr) afier which time
toots were stored at 25 and about 93%6 relative humidity and evaluated as described for Test 1 at 0
2, and 7 days storape g ~ ‘



RESULTS & DISCUSSION

Development of VS was corelated with the vapos hanicr qualities of the coatines in both tests those

| 3 . . ol mmctdence A
Continges that werg the most impermeable to water vapor had the Jowest ine idence of VS

lest )

OF the voatmes need i Test 1 paraflin wax was the most ellective in retarding the development ol
S I’m:lﬂi;l copled 1oots stored under ambient conditions (25%) were fice of VS aller 10 davs
Goraee. however. the core was very fibrons ( Fable 1) Camauba wax delayed onset ol these
uunnlﬂnmu for 74jays  The other coatings were less eflective than the control, in that |{!‘|i\'l"‘l| Davs
S il 7 these treatments developed 10075 VS and 1007 decay (40%a for the control)  Carnanba s
aved development of V'S due 1o the very low water tansmissivity rate I the pue
Form. however. caauba wax is very brittle and during the coating process in (his present sty il
dupon soliditication, while patallin wax maintained a uniform, semi-glossy transparent coating

ipparently del
ctacke

Goraee at S delaved development of VS for 7 days (with the exception of USDA 2) ( Fable 1) Afler
16 days :
the pecl, 1oots fiom the other treatments hiad a promiinent fibrous core surrounded by 'sollening pulp
Despite relative humidity in excess of 2%, iools fiom all eatments (except parallin) showed severe

dehvdration alter 30 days storage

.
( assava rools fiom all treatments were fice iom decay aller 7 days storage at 25" aller 16 days
qorave those roots coated with paraflin or camauba remained decay-fice, while those fiom the other
teatments had partial or complete soflening of the pulp due to decay (Table 1) Coated 10ots stored
a1 & had no decay until 30 days storage, while uncoated roots were decayed alter 16 days Aller W0
days storage principal decay organisms were identified as yeasts, Torula spp. and Penicilivm spp (D
Chatles I Robbs, EMBRAPA/CTAA) I

Peel removal was most difficult for roots coated with 100% carmauba wax, due to the strong
adherance of this hard, brittle coating to the peel (Table 2). Other coatings were rated as G (not

ohjectionable) in removal force.

I here were no freatment differences during storage for moisture content, fiber content and pulp colos
(data not shown)  Moisture content ranged fiom 57% 10 61% and fibet content was liom 0 9% (o
| 89 (fiesh weieht basis)  Initial pulp color was I~ 73 3, hue angle = -87.07, chhoma ~ 17.00
After 30 days <l(;|;lgztr, these values were almost identical for the control and parallin freatments

Ihere were no trends for cooking time due to significant variability between roots within the same
teatment, illustrating the difficulty of objective determination of cassava rool quality  The initial
cookine time for four subsamples averaged 23 minutes, whereas subsequent measuements made afler
297, l;v and 30 days storage varied from 16 10 27 minutes (data not shown)

Based on the results of Test 1, none of the coatings were found suitable as a substitute for paraflin
wax Pure carmauba wax did not form a uniform barrier on the root, was very fiagile during handling
and cansed the peel to be extremely diflicult to remove USDA 1 (M91A) imparted an attractive,
duny snface (o the roots, while those coated with USDA 2 (M971) had a darkencd, water-soaked
appeatance Although the latter two coatings retarded (Icm\v' during storage at 5, they did not delay
the development of VS afler 7 days Xanthan gum also impatted a water-soaked appearance to the
roots and T storage al 8" had only 20%a V'S after To days and no decay aller 30 davs However,
when stored at 257 roots coated with xanthan gum had 100% VS and decay aller 7 days

'S ranged from 0 (0 40%a, at whicl time pataflin coated roots showed slight V'S undereath

Kot . ) \ '
' ' 1

Reots in Test 2 wetre stoed only at 2510 rivoronsly test the performance of the coatings Afler 7
dabs Atoripe Iu(i|l'."\“ ih the highest quality were those coated with the two carnauba emulsions or
parallint Only 25% b the woots il these eatments had' VS (Table 3). Roots coated with vegetable
ail orthe control had 107 and S0% VS jespectively “The, former mnliugs.alsu had the least amount
ol decaved fissue. idm 010 25% however roots fiom all treatments, except for those coated with
paalling had saperficial mold groveth upder the high elative humidity eonditions of this test.

| . :

Roots coated with the Bibedes camalba emulsion were noticeably easier to peel than the other
trcatments: althoueh the latter coatings were still 1ated as easy and there was nq difference between
them  The vepgrable oil enmlsion was least able to maintain quality during storage, most likely due
o poor vapor I’f"'if" qualities ol this coating e !

There werd no other reatment differiénees in the 1emaining quality parameters which were measured
alter 7 days storage Fhe initial maisture content for all treatments averaged 60%, decreasing to
abotit S6%a (similar to Test 1), Fiber content was lower than Test 1, averaging 0.73%, and starch
content had a mean of 20 3%, (fiesh weight basis) (Table 4). Cooking times were very acceptable,
averaging 121 win and were quite loyer than ‘Test 1,despite being of the same ccultivar and age at
harvest. The pulp remained white during storage; values for L, hue angle and chroma averaged
88 240 -87.41 and 13 2 sespectively: The 200 ppm fice chlotine immersion appeared to aid in
icducing decay, Booth (1976) obtained a 7-day' delay in decay by dipping roots in a 2000 ppm
chlorine solution aller wnshing { '
{1 , ' 1

: ‘ CONCLUSIONS ' -
' 1 !
Parallin wax is ellective in delaying development off VS because it creates an impermeable barrier to
walter vapor, thus reducing stiess on the tissue caused by harvest and handling injuries. Carnauba
wax shows potential as a natual wax substitute for paraflin, however, in the pure form it is too
hiittle and, theretyre, should be formulated as a water-soluble emulsion, such as was used in this
study. Carnauba emulsion is also applied at room temperature, which simplifics application and
climinates heating costs required for pataflin wax E '
i )

' '

For cassava conted With paaflin or' the iwd carnauba emulsions, shippers could anticipate 7 to 16
days shipping life with 25% VS and about 25% decay when handled under ambient temperatures
(25%)  Shipping under refiigeration at 8 should extend the quality of cassava 1oots for 30 days,
similar (o that obtained with paraflin wax in Fest 1in which there was 40% VS and 25% decay.

!

Althioagh not directly tested in this woik, immersion of washed cassava roots in chlorinated water
! y

prior Lo application of the coating may aid in reducing subsequent storage decay, as has been

denonstrated for several other crops. LS ;

'

' ' '
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! Table 2. [ase of cassava peel removal as affected by coating, storage length and storage
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‘ ‘ Days Storage (25°C) ; Days Storage (§°C) |
Coaling lnitial - 2 0l 30 Initial 2 "1 1300
None LOE DR DRt e L0 e R
Pacallin T e ” A1 - 514
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Pecl iemoval rating

1ools)
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I* very casy separation, 2 casy, 3- fairy 4-diflicult, S=extremely difficult. (n=5
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Sable 3. Incidence of vascular streaking and decay (%), and ease of pecl vemoval as allected

by coatings during stovage & 258" (Test 2).

Pe

Vascular Streaking’
Coating

Camauba (Brog)
None

Parallin

Carnauba (FMCO)
\eretable Oil (Brog )

Deeay’

Coaling

Camauba (Brog)
None

Paraflin

Carnauba (FMC)
Vegetable Oil (Brog )

Easc of Peel Removal'
Coating

Camauba (Brog )
None

Parallin

Carnauba (FMC)
Vegetable Oil (Brog )

Percent of roots with VS or decay (n=8 roolts).
‘Peel removal rating  1=very easy separation, 2=easy; 3=fair, 4=diflicult;

S -extremely diflicult

i . . n S
[able 4. Overall treatment means for selected quality parameters for cassava stored at 25 fos

7 days (Test 2).”

DAYS STORAGE

Initial 2 4
0.0 KA T e
00 Ot 525
0o 00 125
00 00 00
00 00 12,5
Initial 2 4
00 Q0 128
00 Lo TS
00 00 )
00 0.0 0.0
00 ) 00
Initial v 2 4
10 1.0 e
1.0 20 i
10 26 23
10 1§ 13
1.0 1.0 1.3

MEAN
Morsture Content (%a) 563
Faber (7a) 073
Stirch (" w) 2013
Cooking Lime (min) 123
"ulp Colon
| 88 2
Fue Angle(tan'h/a) -87 11
Cliroma (a”1h)"” 1322
iAo faots (five treatments with erght roots/treatment)

AR

iy i S |

7
25.0
50.0
25.0
250
10.0

250
175
1225

0.0
375

14
2.0
24
2.0
2.3

STH. DEVIATION

1078
0n2
a8l
083

1 26
061
028

ol the product and Favors mold growth,

' 1
REDUCTION OF WATER LOSS AND CONDENSATION USING PERFORATED
THM PACKAGES FOR FRESH FRUITS AND VEGETABLES

md!, Sandpa Boily2 and Flovent Mercier?
U Assistant professor, " Student. Y Researeh asaistant, Apgricultwal Engineering Department,
: Hhiversité Laval, Quebee City, Canada G LK 710
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I this work, ten types of perforated films weie tested to determine water vapor transmission
tesistimee coeflicient. Thiee of #aee flilms were used to pack elevén horticnltural products in order
to study water loss. condensation formation and overall quality ol the product. Products were
stored under vontrolled conditions (2°C and 95 <6 RY tor seven days and 10°C and 95 % RH in
Altewnate 12 honis eyeles for two days). Reforated films veduce significantly water loss and
drmation of condensation. Perfotated films also showed promising future for extending the
mpthetability of fresh froits and vegetables in tevms of days in the display. However, more work is
needed iz order to determine the vight "product weight / film area” vatio for oplimal conservation.

o w v . - - ' .
Keywords:, Water loss, moistuwe, condehsation, fimits, vegetables, perforated films, packaging

RESUMEN I
En el presente trabajo se han exantinado dieatipos de films petforados a fin de determinar el
cocfliciente de resistenciaa la transmision del vapor de agua. Con objeto de estudiar las pérdidas de
agua.la formacion de condensacion y la calidad del producto, tres de estos fims se utilizaron para
rembalar once productos hoticolas. 1os productos fucron almacenados bajo condiciones controladas
1(2°Cy 95% de HR durante sicte dias y 10°C y 95% de HR en ciclos alternados de 12 horas durante
dos'dins). 1.os lilms perforados reducenssignilicativamente las péndidas hidricas y la formacidn de
condensacion. Los lilms perforados mostearon también un faturo prometedor en la extension y
comerciabilidad de frutas y verduras frescas en téiminos de dias de exposicion en el mercado. Sin
embargo, son neeesarias mis investigaciones a lin de determinar el cociente “peso del producto/drea
del film™ conecto para la dptima conservacion.

Palabras ‘claves: Pérdidas de agua, humedad. condensacion, liafas, verduras, films perforados,
envasado ' ' y :

‘ ' |
' INTRODUCTION

y il !
-Market production of Queber's fresh fuits and vegetables is often restricted due,to their relatively

short shell life. Packaging of Tresh horticoltueal prlducts using plastic films is more and more used
Jorextengling their shell life. However, moduets hike broceoli. spiviach and various berries stored in
conventional packages in cold storage (commonly found in retail markels) have a limited shelf-life
duc to desiceation. decay or injury problems caused by excessive maoisture. '

Plastic film redpces wnlorllm‘s. which is one of the most important'cause ot deterioration, and may
supply a "modified” atmosphere veell suitéd for each commadity. Although these protective
packaging lilms can reduce water loss from the stofed commodity, condensation problems may
oecur on the mside snrlace of the film. o exfreme cases, the condensed moisture wets the surface
)
. 2 1
Perforated films may ollera <i|v||;l(' solution to copdensation problems. In fact, the permeability to
waler vap o is increased by holes in the film - The nain advantages of such films are that they
prevent anacrobic conditions Ivl'(|lll eowater loss and let the exeess ol water I(‘:.wc the package
withouot dely diatig the product >

LEETERATURE REVIEW

(Water 'oss ' ' '

Water loss 1+ one of the major conservation problem. Kader (1991) mentions that cven in higll
Bimidity conditions. wager loss ean be as high ac 1 2% o initial weight per day for products with
high transpiration ate like lettiee and carrots. Fects of water loss are weight loss, shrivelling,
wilting. Joss of nutritional quality and softening of the tissues (Kader, 1991). Hardenburg et al.
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