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ABSTRACT
Carrot sticks that were prepared with a sharp culinary knife exhibited
a whitish translucent appearance on the surface. This condition was
not readily apparent with carrot sticks sliced with a razor sharp blade.
Scanning electron microscopic examination of the translucent tissue
revealed that the knife tended to shear, separate and compress the
cells and tissues of the root. Dehydration of the large mass of exposed
cells probably was responsible for the appearanceof the whitish translucent tissue. Development of this condition is undesirable because
consumers associate this with aged or nonfresh carrot sticks.

INTRODUCTION

DEMAND for partially processedfruits andvegetablesby institutiondining rooms,restaurantsandfast food franchiseoutlets has increasedsubstantially.This hasresultedin part from
consumers’
growing appetitesfor fresh fruits and vegetables,
as evidencedby the popularityandgrowth in numbersof salad
bars. To meetthesedemandswithout increasingcost of products, the food industry has mechanizedmany labor intensive
operationssuch as peeling, slicing, coring etc. However,the
successof suchmechanizations
in food preparationis dependent on maintainingfresh appearance
and high quality.
Recently,the quality of partially processedcarrotstickshas
beenquestionedboth by processorsandvenders.Carrotsticks,
which are sold in grocery storesand are availableon most
saladbars,may be unsatisfactoryor unacceptable
becausethey
sometimesexhibit a whitish translucentappearance
on the surface. Consumerstend to associatethis conditionwith agedor
nonfreshcarrot sticks. This has beenobservedin nonvacuum
packagedcarrotsthat were storedat 10”or 15°C for 2 to 4
days,but not in carrotsthat were stored5 daysat 4°C (Buick
and Damoglou,1987).The causeof the discolorationand the
possiblewaysto alleviatethe conditionhavenot beenreported.
Our objectivewas to determinewhether there might be a
physicalcausefor the effect. We examinedthe cut surfaceof
carrot sticksvisually, and the cells and tissueswith scanning
electronmicroscopy(SEM). The elementalcontentof the cut
surfacewas also examinedusing an energydispersiveX-ray
microanalysis(EDX) in an attemptto explain the appearance
of the whitish tissue.
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thickness) and stored at SC, 95% RH for subsequent daily analysis.
The amount of whitish translucent tissue on the surface of each stick
was scored using the following index: 1 = None: 2 = Slight; 3 =
Moderate; 4 = Severe and; 5 = Extreme. A severity index for each
lot was calculated by multiplying the index score by the percentage
of sticks in each category.
For SEM observation, 1 x 1 x 0.5 cm sections of tissue were
sampled from either the freshly preparedsticks, (referred to as “fresh”),
or the 3-day stored sticks, (designated “aged”). Tissues were prepared as described for cucumbers (Tatsumi et al., 1987), with modifications. The tissue pieces were fixed in 3% glutaraldehydein distilled
water for 24 hr at room temperature (18-20°C) and dehydrated in a
standard ethanol solution series (20, 40, 60, 80, 90, and 100%). The
samples were critical-point dried from liquid carbon dioxide. The cut
surface was sputter-coated with gold/palladium 60/40 and examined
with a Hitachi S530 scanning electron microscope operated at 15 kV.
For EDX, samples were fixed, dehydrated, critical-point dried,
mounted, carbon coated and examined at 20 kV in the SEM equipped
with a Kevex 8000 EDX system. Samples were tilted 30” toward the
X-ray detector. Analysis provided a qualitative and semi-quantitative
elemental composition of an 8-10 rnk layer of surface tissue.

RESULTS & DISCUSSION

CARROT STICK that were cut with the culinary knife or the
razorbladedid not exhibitanyvisible translucentwhitish tissue
or discoloration

on the day of slicing. Surfaces of sticks pre-

paredwith the blade, however,were visibly smootherthan
those cut with the knife. The whitish tissue, similar to that
notedon grocerystoreproducts,developedon the surfaceduring storageof the sticks that were cut with the knife. This
discolorationwas associated
with a noticeableamountof loose
or sloughingtissue. By day 1, (=24hr after slicing) 65% of
the sticks exhibiteddiscoloration,resultingin a total severity
indexof 455 (Table1). Thosesticksalsocontainedslightcracks
alongthe cambiumlayer betweenthe cortex and the vascular
cylinder. By day 2, 90% of sticks scoreda severityindex of
490, nearthe maximumseverityindex. No increasein severity
index was noted on day 3; however,the separationbetween
the cortexandthevascularcylinderhadwidenedandthe sticks
Table 1 -Relation between severity of white translucent
of carrot sticks and method of slicing or storage

MATERIALS

& METHODS

Davs at 5°C

WHOLE CARROTS (cultivar unknown) packaged in ventilated polyethylene bags were purchased at a local produce market and stored in
a waxed fiberboard container at 0°C until use. To prepare the sticks,
carrots were washed, cut to 6 cm lengths, and quartered with a sharp
culinary knife or a razor blade. Each quarter was placed in a separate
lot with each lot containing 20 sticks. One lot of each prepared with
a knife or blade was analyzed immediately. The remaining lots of 20
sticks each were placed in unsealed polyethylene bags (0.025 mm
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SEM OF CARROT STICKS. . .

Fig 1 -Scanning
electron micrographs
of the surface of carrot
sticks immediately after slicing (fresh) or after aging for 3 days
at 5°C (aged). The fresh (Fig. 1-a) and aged (Fig. l-b) sticks
prepared with a razor blade had evenly cut surfaces with well
defined parenchyma
cells that did not show distortion from
pressure of the blade. Fresh (Fig. l-c) and aged (Fig. l-d) sticks
prepared with a culinary knife showed considerable shearing of
the tissue and compression of cells. Sticks fresh-cut with a knife
showed some separation of tissue between cambium and vascular cylinder (Fig. l-e) as well as layers of collapsed cells (Fig.
1-q. Collapse was also evident in the vascular cylinder of aged
sticks (Fig. 1-g). All micrographs 40 x .

became curved along the longitudinal axes, a condition similar
to that noted with carrot sticks from the grocery store.
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About 55% of the sticks that had been cut with the razor
blade exhibited some loose tissue on day 1. This resulted in a

severity index of 145, only one-third that scored for knifepreparedsticks. The amountof loose tissueincreasedslightly
eachday resultingin 15% of the stickshaving a severityindex
of 175 by day 3. However,the sticks did not exhibit any tissue
separationalong the cambiallayer or longitudinalcurving.
SEM examinationof the surfaceof the fresh tissueprepared
with a razor blade revealedthat the cortical region appeared
evenly cut, was not compressedand consistedof well organized parenchymacells which did not show mechanicaldamage (Fig. la). The appearanceof the cortical region and the
organizationof the cells remainedunchangedduring subsequent aging (Fig. 1). However, the vascular cylinder, especially the xylem andpith, appearedto sustainsomemechanical
damagefrom the blade, which was not apparentto the naked
eye (Micrographnot shown).
Freshtissuepreparedwith the knife appearedvisually similar to that preparedwith the blade, but SEM examination
revealedin the knife-cut samplesa serratedsurfacecharacterized by tearing,shearing,and compressionof cells and tissues
(Fig. l-c and d). Furthermore,crackswere presentalong the
cambiumthat separatedthe outer cortical layer from the inner
vascularcylinder (Fig. l-e). Thesecrackswere frequentlyassociatedwith looselayersof sloughingcells. Suchcracksand
sloughingcellsbecamemoreconspicuous
as the knife-cutsticks
aged(Fig. l-d, f, and g).
Probablythe looselayersof cells on the surfaceof the sticks
resultedfrom mechanicaldamageof the knife and because
thosecells were severelydamagedand separatedfrom underlying tissue,they were highly susceptibleto dehydration.Similarly, the cracksbetweenthe vascularcylinder and the cortex
further exposedthe inner surfacetissuesto water loss, which
causedthe cracks to increasein size and eventuallybecome
visible after 1 or 2 days in storage.As water loss from those
tissuescontinued,the colorationof the surfacechangedfrom
rich orangegenerallyassociatedwith healthysucculenttissue
to white, which probably resultedfrom dehydrationof cell
walls and cytoplasmof damagedtissues.
The knife, althoughsharp,tendedto shearandtearthe tissue
whereasthe sharperrazor blade cut cells cleanly as it passed
throughthe root and did not causesignificant damageto underlying tissues.As a result, only the singlelayer of cells that

had been cleanly cut by the blade were susceptibleto dehydration. Drying of a single layer of cells apparentlywas not
sufficient to causethe carrot stick surfaceto have the whitish
translucentappearance.
Ten elementswere identified on the cut surfaceof carrot
tissuesby the energy dispersiveX-ray microanalysis,and as
reportedby others,(Hopkins, 1959;Haytowitz and Matthews,
1984), K and Ca accountedfor 70% of the total content(data
not shown). The content of none of theseelementsdiffered
betweencarrots sliced with a knife or razor blade (data not
shown). This implied that theseelementshad no influenceon
the tissuesurfacechanges.
We concludedthat the abrasiveaction of the culinary knife
causedconsiderabletearing and shearingof tissues.The resultingcells,which werecompressed
andsloughed,were highly
susceptibleto dehydrationwhich in turn causedthe white discolorationthat was characteristicof the agedcells cut with the
knife. No consistentrelationshipwas apparentbetweenchanges
in elementalcompositionon the surfaceof the slices and the
preparationmethodor aging process.Resultstend to support
the hypothesisthat the white discolorationresultedfrom dehydrationratherthan from chemicalchangesor elementalredistributionfrom underlyingtissues.
REFERENCES
Buick, R.K. and Damoglou, A.P. 1987. The effect of vacuum packaging on
the microbial sooilaae and shelf-life of “readv-to-use” sliced carrots. J.
Sci. Food Agric: 38: 767.
Ha owitz, D.B. and Matthews R.H. 1984. Composition ofFoods: Vegetub?es and Vesetoble Products. USDA Anricultural Handbook No. 8-11. ._I).
121. U.S. G&ernment Printing Office; Washington, DC.
Hopkins, H. and Eisen, J. 1959. Mineral elements in fresh vegetables from
different geogra hit area. Agri. Food Chem. 7: 633.
Tatsumi, Y., Mae ii a, K., and Murata, T. 1987. Morphological changes in
cucumber fruit surface associated with chilling injury. J. Japanese Hort.
Sci. 56: 187.
MS received 10/3/90; revised 4/2/91; accepted 4/19/91.

We gratefolly acknowledgeMr. Willard
Douglas and Mm. Norita Chancy for technical assistance.Use of mmoanv or omduct namesbv the U.S. Deoartmentof A&
ouhre
others

does not imply approkd’br
that may also be suitable.

&commendation

o? the product

& the excIuai&

of

lNlTlAT/ON OF CUCUMBER FERMENTATION. . .From page 1356
Daeschel, MA., McFeeters, R.F., Fleming, H.P., Klaenhammer, T.R., and
Sanosky, R.B. 1984. Mutation and selection of Lactobacillus lantarum
strains that do not produce carbon dioxide from malate. App P. Envrron.
Microbial. 47: 419.
Etchells, J.L., Bell, T.A., Costilow, R.N., Hood, C.E., and Anderson, T.E.
1973a. Influence of tern erature and humidity on microbial, enzymatic,
and physical changes oPstored, pickling cucumbers. Appl. Microbial. 26:
943.
Etchells, J.L., Bell, T.A., Fleming, H.P., Kelling, R.E., and Thorn son, R.L.
1973b. Suggested procedure for the controlled fermentation oF commercially brined pickling cucumbers-the use of starter cultures and reduction of carbon dioxide accumulation. Pickle Pak Sci. 3: 4.
Etchells, J.L., Costilow, R.N., Anderson, T.E., and Bell, T.A. 1964. Pure
culture fermentation of brined cucumbers. Appl. Microbial. 12: 523.
Etchells, J.L., Fabian, F.W., and Jones, I.D. 1945. The Aerobacter fermentation of cucumbers during salting. Mich. State Agric. Expt. Sta. Tech.
Bull. No. 200.
Etchells, J.L., Fleming, H.P., Honts, L.H,, Bell, T.A., and Monroe, R.J.
1975. Factors influencing bloater formation in brined cucumbers during
controlled fermentation. J. Food Sci. 40: 569.
Fleming, H.P. 1982. Fermented vegetables. In Economic ?ficrobioZogy.
porr-rted Foods, AH. Rose (Ed.), Vol. 7, p. 227. Academic Press, New

Thompson, R.L. 1988. Fermentation of cucumbers in anaerobic tanks. J.
Food Sci. 53: 127.
Fleming, H.P., McFeeters, R.F., Etchells, J.L., and Bell, T.A. 1984. Pickled
vegetables. In Compendium of Methods for the Microbiological Examination of Foods, M.L. Speck (Ed.), p, 663. American Public Health Association, Washington, DC.
Fleming, H.P., Thompson, R.L., Etchells, J.L., Kelling, R.E., and Bell, T.A.
1973. Bloater formation in brined cucumbers fermented by Lactobacillw
plantarum. J. Food Sci. 38: 499.
Gibson, T. and Abd-El-Malek, Y. 1945. The formation of CO* by lactic acid
bacteria and Bacillus lichenformis and a cultural method of detectine
the process. J. D+v n.== 14’. ss
Meneiey, J.C. and, Stanghellini, M.E. 1975. Establishment of Erwinia carotouom
in health cucumber fruit. Phytops rtholorrv 65: 670.
Pederson, C.S. an 2 Albury, M.N. 1961. The effect<f pure culture inoculation on fermentation of cucumbers. Food Technol. 15 : 351.
Samish, Z., Etinger-Tulcqmska, R., and Bick, M. 1963I, The microflora
within the tissue of fruits and vegetables. J. Food Sci. 28: 259.
Ms received 414191;revised 3119191;accepted 4117191.

Fleming, H.P., Etchells, J.L., Thompson, R.L., and Bell, T.A. 1975. Purging
;f$s
from cucumber brmes to reduce bloater damage. J. Food Sm. 40:

This investigation
was supportedin
Intm-&ional,
Inc., St. Charles, IL.

Fleming, H.P., Humphries,.E.G., and Macon, J.A. 1983. Progress on dew&p~Ien3t of an anaerobic tank for brnung of cucumbers. Pickle Pak

Mention of a trademark or proprietary product doeanot constitute a guaranteeor
warranty of the product by the U.S. Department of Agriculture or North Carolina
Agricultural harch Service,nor doesit imply approval to the sxclusionof other
woduotathat may be suitable.

Fleming,‘H:P., McFeeters, R.F., Daeschel, M.A., Humphries, E.G., and

part by a research

grant

from

Pickle

Packers

Volume56, No. 5, 1991-JOURNAL OF FOOD SCIENCE-1359

