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Abstract. To evaluate the effect of curing trestment using a newly developed simplified curing unit (SCU)
on the physicochemical quality of stored sweet potatoes was investigated for six months. The SCU consist-
ing of a heater, an air circulation fan, exhaust fans, and a humidifying duct was installed in a cold storage
room where the harvested sweet potatoes were stacked. During the six days of curing treatment, air temper-
ature and relative humidity in the storage room were set at 32°C and 90%, respectively. Physica and chem-
ical properties of sweet potatoes were measured at 1-month intervals from the first day of storage.
McKinney index showing the incidence and severity of decay was 0.83% in the curing treatment, while that
of untreated control was 5.08% over the same storing period. Firmness, soluble solids content, and dry mat-
ter content in the cured sweet potatoes were greater than those of untreated control. Moreover, the changes
of skin color in uncured potatoes occurred rapidly than cured one which showed delay of skin discoloration
during the long-term storage. Results suggest that the SCU treatment improves the physicochemica quality
of stored sweet potatoes and extends their storability. Therefore, the SCU can be effectively used for curing
trestment of sweet potatoes with a relatively low cost.
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Introduction

Sweet potatoes are abundant in vitamins, carbohy-
drates, proteins, lipids, potassum, phosphate etc. and
could be cultivated by environment-friendly farming.
Cultivation area of sweet potato in Korea increased to
19,200 hain 2010 from 12,718 hain 2001 when its price
sumped due to imports of sweet potato in great quanti-
ties (KNSO, 2011). Comparing with other Far East Asian
countries, Korean farmers tend to harvest sweet potatoes
a early stage (normaly three to four months after trans-
planting) because of high consumer acceptance over
small size and a concern about frost injuries. And the
sweet potatoes just harvested from fields in Korea, and
the products usualy have an insufficiently developed epi-
derm (Jung, 2003). Also, sweet potatoes are often cut,
skinned, and bruised by the harvesting implements and
these mechanical damages are sustained not only during
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the harvest itsdlf, but also during transporting and mar-
keting (Tomlins et al., 2000; Wagner et d., 1983). To
lessen the chance of quality loss after harvest, curing the
damaged root surface has been proved to have beneficia
effects such as sweetness and palatability on sweet pota
toes (Rees et d., 2008; Wang et a., 1998). Lutz (1945)
showed that sweet potatoes subjected to a short period of
chilling developed more decay when they were not
cured. If sweet potatoes were not treated with proper cur-
ing methods, they would be infected with microorganisms
after going through skinning, wounding, and desiccation
which results in substantial postharvest losses (Aidoo,
1993; Booth, 1974).

Process of curing involves desiccation of the surface
cel layers, suberization of exposed parenchyma cells,
and finally the formation of a wound periderm by cell
division (Ray and Ravi, 2005; Sowley and Oduro, 2002).
Van Oirschot et a. (2006) reported that continuity of the
lignified layer was vita for effective wound-healing, pre-
sumably to act as an effective barrier to water loss and
pathogen invasion.
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Conditions for effective curing treatment have been
reported to be at 29~33°C, and 80~95% relative humidity
(RH) for 4~7 days (Blankenship and Boyette, 2002;
Picha, 1986; Ray and Ravi, 2005; Wang et a., 1998).
Degree of water loss from roots would vary with curing
conditions. Appleman et a. (1943) reported that ‘Mary-
land Golden’ sweet potatoes lost 5.6% of water while
being cured at 30°C with 80~85% RH condition, but only
0.8% of waeter loss observed when cured 100% RH con-
dition a same temperature. Storage conditions are rec-
ommended to sweet potatoes below 90% RH and 14 +
1°C (Nwinyi, 1987). Relative humidity levels above 95%
is not recommended during storage because of discolor-
ation of roots and microbiad atack (Ezell et d., 1956).

The recommended curing storage practices are diffi-
cult to follow for small-farm owners mainly because of
high initia costs for construction of infrastructure (Ray
and Ravi, 2005). Not only to reduce initia costs, but also
to get the same curing effects on quality of sweet pota-
toes so that making cumbersome existing curing prac-
tices replaced, a novel smplified curing unit (SCU) was
developed. In this study we evaluated effect of curing
treatment using the SCU on quality of sweet potatoes
during the long-term storage.

Materials and M ethods

1. Plant materials and conditions for
treatment

Sweet potato cultivar ‘Sinyulmi’ grown at Neungseo-
myeon, Yeoju-gun, Gyeonggi-do, Korea harvested on
October in 2005 were used in this experiment. After har-
vest, samples wereimmediately moved to a storage room
for the curing treatment using a portable SCU, while con-
trol samples were left on the field for three days to dry
naturally the root surface. The portable SCU consisting
of a heater, an air circulation fan, exhaust fans, and a
humidifying duct was ingtdled in a cold storage room
(10x 10x5m) where the samples stacked in nearly
105 tons. Refrigeration unit installed in the storage room
was turned off and the heating unit of the SCU was oper-
ated until air temperature in the storage room reached up
to 32°C. When the hesting unit was turned off after
reaching at 32°C, humidified air of the storage room was
exhausted by operating eectronic relay of the SCU that

curing

connected to fans ingtalled on the wall. And it was re-
operated with smultaneous stop of ventilation when the
ar temperature became 30°C. During the curing treat-
ment, water was circulated continuously from water res-
ervoir of the humidifying duct and the evaporation cloths
vertically installed on the wall, which enabled the passive
humidity contral in higher RH range with avoiding the
direct contact of roots with water during humidification
using humidifiers. During six-days of curing treatment,
changesin air temperature, root surface temperature, rel-
ative humidity in a storage room were measured using T-
shaped thermocouples and hygrometers and the data
were acquired using a data logger (CR-10X, Campbell
Sai., USA) from 14™ to 20" October. After the curing
treatment, the SCU was removed from the storage room
and temperature and relaive humidity was maintained at
12~13°C and 40~60% by an air conditioning unit initialy
installed in the storage room.

2. Quality analysis

Qudity analysis was performed for SCU treated or
untrested sweet potatoes once in a month during the six-
month storage. Ten roots per each of three replicates
which were sdected randomly from each storage con-
tainer and marked on the surface for the nondestructive
quality attributes such as root fresh weight, disease inci-
dence and severity, and skin color during the six months
of storage. Disease severity was recorded using a4 scale
depending on the percentage of the surface damaged:
1=trace, up to 5% of surface decay; 2 = dight, 5~30%;
3 =moderate, 30~50%; and 4 = severe, over 50%. This
scae was used for caculation of McKinney index (MI,
McKinney, 1923) that represents the percentage of the
total number of infected roots and dso the degree of
infection. The MI was ca culated using the following for-
mula

MI = [Sdf/T,D] x 100

where d is the degree of disease severity, f its fre-
quency, T, the total number of the root examined, and D
the highest degree of disease intensity (Nigro et d.,
2006).

The skin color was quantified using a chromameter
(CR-400; Konica Minalta Corp., Jgpan). Color change
can be compared with time which has a decisive effect
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on externa value of the postharvest products. Data were
presented as lightness (L*), redness (a*), and yellowness
(b*), and were converted to hue angle (h°) which repre-
sent the angular component of the polar representation.
Destructive quality examination such as measurements of
dry matter, firmness, and soluble solids content were con-
ducted using five samples per replicate. Firmness was
mesasured using a texture analyzer (TA-XT2; Arrow Sci-
entific, Augtralia), as the force required for an 8 mm
probe to penetrate the tissue after a small portion of peri-
derm had been removed, and data were recorded in New-
tons (N). To evauate soluble solids content, 20g of
grated root tissue were squeezed and the extracts were
measured using porteble refractometer (RA-150; CSC
Scientific Co., Inc., USA). Ten roots per each replicate
were taken to measure dry matter content by drying for
72h a 70°C in a fan-asssted oven.

3. Satigtics

A randomized complete block experimental design
was utilized. For each trestment, they were divided into
three replicates with ten roots per replicate. Data within
each experiment were subjected to an anaysis of vari-
ance (ANOVA) using the statistical analysis system (SAS
Indtitute, Inc. 1992, Cary, NC, USA). Differences among
means of data were compared by Duncan's Multiple
Range Test. Differences at p< 0.05 were considered sig-
nificant.

Results and Discusson

1. Decay and water loss

It took about two days to increase the air temperature
from 15 to 32°C, an appropriate air temperature for cur-
ing (Fig. 1), which was determined by root temperature
of sweet potatoes, heating capecity of heating unit, and
insulation level of the storage room. Changes in root sur-
face temperature showed similar pattern with that of air
temperature except the wider fluctuation in range
between 27.9 and 36.5°C. Ventilation using fansinstalled
on the wall after stopping the heeting a 32°C decrease
both air temperature and root surface temperature. Rel-
ative humidity mainly determined by operation of ven-
tilation fans and a heating unit was maintained at around
75 to 80% when the ventilation fans were stopped while
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Fig. 1. Changesin ambient air temperature (A), air tempera-
ture in the storage room (B), Sweet poteto temperature
(C), and relative humidity in the storage room (D) during
the six days of curing treatment as affected by heating (H)
and ventilation (V).
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Fig. 2. Decay incidence of sweet potatoes during the long-
term storage as affected by curing treatment. McKinney
index (MI) was calculated by means of the following for-
mula. M| =[Xdf/T,D] x 100, where d is the degree of
disease severity, f its frequency, T, the total number of the
root examined, and D the highest degree of disease
intensity.

the heating unit was operated. The relative humidity low-
ered after cooling process with ventilation re-increased
up to 80% while the air temperature decreased by 15°C at
the end of curing processes. The timescae for cooling
might be shortened by use of coolersingtdled in the stor-
age room in combination with the ventilation. In the
present study, the cooler unit was not used during the last
cooling period.

McKinney index (MI) of untreated sweet potatoes was
5.08 + 0.50% over the storage, while that of cured roots
was 0.83 + 0.11%, which indicates that the curing treat-
ment significantly decreased the decay of sweet potatoes
during along term storage (Fig. 2). M1 of untreated sweet
potatoes increased continuoudy until storage period.
Weight loss is primarily due to water loss, and root res-
piration used to estimate the contribution to weight loss
of starch metabolism for an average 14% (Rees ¢ 4.,
2003a). We found that the untreated sweet potatoes expe-
rienced water loss of 15.6+ 0.6% during the first one-
month storage and increased to 50.5 + 0.6% ét the rest of
the storage period (Fig. 3). This results can be compared
with those of Rees et d. (2003b) report that water losses
of 30 kinds of sweet potatoes after two weeks of storage
was about 10~25%. In case of untreated sweet potatoes,
severe water loss may lead to a condition known as pith-
iness in which cavities appear within the tissues (Picha,

60
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—O— Untreated roots

Water loss (%)

(I) 5‘0 1[‘]0 1;0 200
Days after storage
Fig. 3. Change in water loss of sweet potatoes during the

long-term storage as affected by curing treatment. Verti-
cal bars represent standard errors of the means.

1986). We could conclude that water loss of untrested
sweet potatoes increased continuoudly, while that of
cured one using SCU maintained low level during six
months in controlled RH conditions.

2. Firmness

Firmness of SCU cured sweet potatoes was signifi-
cantly greater than that of untrested one from the first day
of storage and this difference became grester as the stor-
age period extended (Fig. 4). Difference of the root firm-
ness in two treatments was thought to be related mainly
to the water loss and respiration during curing treatment
(Maw and Mullinix, 2005), which resulted in that the
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Fig. 4. Change in fimness of sweet potatoes during the
long-term storage as affected by curing treatment. Verti-
cal bars represent standard errors of the means.
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cured sweet potatoes was harder than uncured roots one
during long-term storage, agreed with the results of Rees
et a. (200338). Under high humidity condition, degrada-
tion of the middle lamella and disintegration of the pri-
mary cell wall were the main factors determining hardness
(Deng ¢t d., 2005). Sweet potatoes have a high respira
tory rate right after harvest and the resultant heat pro-
duction soften the texture, however, the respiratory rate
decreased during curing due to desiccation of the top cell
layers under the wound, and continued to decrease a a
dower rate during the first severa months of storage
(VanQirschot et d., 2006). The factsthat curing treatment
increases hardness of roots and decreased water loss and
respiration rate which results the better storability with
minimized weight loss during long term storage was con-
firmed.

3. Soluble solids content and skin color

Soluble solids in SCU cured sweet potatoes (11.3°Brix)
was greater than that of uncured one (8.9°Brix) from the
first day of storage (Fig. 5). The cells of sweet potatoesin
cured sweet potatoes might turn more starch that makes
up the main part of the rest of the dry matter (Woolfe,
1992) to monosaccharide such as sucrose, glucose, fruc-
tose, and low levels of maltose comparing to those of
untreated control (Rees et d., 2003a). Geigenberger et dl.
(1999) and Wang et a. (2000) pointed out that the
sucrose cycling, a control of the sucrose and starch ratio
was an important mechanism and sucrose phosphate syn-

Soluble solids content (°Brix)
®

24 —&— SCU cured roots
=O= Untreated roots

0 30 60 90 120 150 180 210
Days after storage
Fig. 5. Change in soluble solids content of sweet potatoes

during the long-term storage as affected by curing treat-
ment. Vertical bars represent standard errors of the means.

thase activity of sweet potato cells increased to protect
againgt water stress. Mobilization of sugars would pro-
vide energy for wound-hedling and could be involved in
protection against water stress, by which plant tissues can
increase their osmotic potential (Rees et d., 2008). Abil-
ity to wound-hedl is a key factor in determining rates of
water loss (Van Oirschot, 2000), however, we could not
investigate the relationship of this ability with either dry
matter content or soluble solids content in this study. We
just observed that surface layers of wounded roots turned
flat and white after curing treatment.

Skin color of uncured sweet potatoes changed from red
(hue angle of 24-32) to yellow (hue angle of 80-85) rap-
idly, while that of SCU cured ones changed dowly as
shown in Fig. 6. Jung (2003) found that in appropriate
curing condition, color change of the roots can be dowed
by nearly twice. The oxidation of anthocyanin in the root
surface may be the reason of those changes.

Results indicate that curing trestment delays discolor-
ation of sweet potatoes during a long-term storage with-
out any negative effects on soluble solid content, one of
major factors that decide the taste of sweet potatoes.

From the results of this study, we found that wound
healing by curing treatment was important both to reduce
water loss through a wound, and aso to prevent entry of
pathogens. Using a novel simplified curing unit consist-
ing of afew general appliances, appropriate environmen-
tal condition for curing of sweet potatoes before a long-
term storage was provided, and we confirmed that the
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Fig. 6. Change in skin color of sweet potatoes during the

long-term storage as affected by curing treatment. Verti-
cal bars represent standard errors of the means.
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curing treatment using the SCU improved the physico-
chemica qualities of stored roots and extended their stor-
age life. Therefore, the developed SCU can be used for
curing treatment of long-term stored sweet potatoes,
replacing an exclusive curing facility that requires heavy
initia investment.
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