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ABSTRACT

Ray R. C. and Swayam Prava Pati. 2001. Biochemistry of postharvest spoilage of sweetpotato

(Inomoea batatas!.) : Changes in starch, total sugar,proline and ascorbic acid content. Ann.
Trop. Res. 23(2): 34-48.

Javablack rot and soft rot are two important postharvest diseases of sweetpotato
caused by Botryodiplodia theobromae Pat. and Rhizopus oryzae Went & Prins. Geerl.,
respectively. There was a gradual decline in starch and ascorbic acid contents in sweet
potato roots following harvest and this decline was further aggravated by infection.b}’
these putative fungi B. theobromae and R. oryzae. However, the total sugar and proline
contents did not exhibit much variation between fungi-infected and uninfected tubers.

Keywords: Botrydiplodia theobromae, Ipomoea batatas L. , java black rot, Rhizopus
oryzae, soft rot, spoilage, sweetpotato

INTRODUCTION

Sweetpotato (Ipomoea batatas L) is one of the important root ¢roP>
grown in India and many other parts of the world, being cultivated 11}
more than 100 countries (Woolfe, 1992). Besides being a rich source ©
starch, proteins, minerals and vitamins, the crop produces high amount ©
food per unit area per unit time and is capable of growing in marginal conditio™
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Like any other vegetable crop, sweetpotato is subjected to several forms
of post harvest wastages such as physical damage, weight loss, pathological
decay, sprouting and weevil (Cylas formicarius) infestations (Wagner e al
1983; Ray and Balagopalan, 1997, Ray et al, 1991). Spoilage or rottage is
the most significant form of wastage in sweetpotato caused by either fungi or
bacteria, which accounts for 20-25 percent of post harvest losses (Ray and
Balagopalan, 1997). Although there have been several studies on physiological
and biochemical changes associated with postharvest microbial infection in
horticultural crops (Prasad, 1977; Thornton and Workman, 1987), very little
is known about the biochemistry of sweetpotato spoilage (Uritani ef al, 1984).
From our previous studies, we reported that the fungi Botryodiplodia
theobromae Pa. and Rhizopus oryzae Went & prins. Geerl. are two important
fungi associated with sweetpotato spoilage. The present paper deals with th.e
postharvest physiology of sweetpotato infected with the above two fupgh
particularly in relation to starch-sugar, proline and ascorbic acid metabolism.

MATERIALS AND METHODS

Sweetpotato tubers

Freshly harvested sweetpotato ( var. Gouri, 606, 701 and 704) tubers,
were collected from the experimental farm of the Regional Center of CTCR],
Bhubamneswar during the year 1990-2000 (J anuary-March). The roots were
of medium size (100-180g) and were used within 24 h after harvest.

I ungi isolates

The isolates of B. theobromae (IMI 361230) and R. oryzge (lMt
361235) used in these studies were previously isolated from the po>t‘l‘mr\"eif
decay of sweetpotato tubers ( Ray and Misra, 1995). Spore Suspc-n?lt‘.n::n
B theobromac and i oryzae were prepared from 7 day old cultures ‘“ H\\-l\
at' 30°C on potato-dextrose agar (PDA). Spores were han cstcd"m blull\;lx‘
distilled water ang diluted (o a concentration of 5. SX 107 spores/mt T

hal] v Yia it " ) » B
e concentration was used throughout the expertin s
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Biochemistry of spoilage

Freshly harvested and healthy roots were taken, washed in tap water,
air dried and surface sterilized with 70 % alcohol. These roots were inoculated
withmycelial discs of fungj (B. theobromae or R. oryzae) following the method
described by Ray and Misra (1995) and Ray and Punithalingam (1996). Ten
roots were inoculated for each replication and three such replications were
maintained at room temperature (30 +2°C) for 15 days. Similar number of
roots were stuffed with agar (in place of fungus) and kept as control, Both

inoculated and non-inoculated (control) roots were analyzed for starch, total
sugar, proline and a

scorbic acid contents (Mahadevan and Sridhar, 1998) at
five-day interval.

Estimation of total sugar and starch

Since sweetpotato roots are rich in starch and sugar to the extent of 20-
25% and 5-10% of raw dry matter, respectively (Woolfe, 1992), only 10 mg
of the tissues (from cortex and pith) were homogenized with 5 ml of 80%
ethanol and transferred to borosilicate test tubes (18x150 mm). The tubes
were kept on a water bath at 80-85°C for 10 min., cooled and then centrifuged
at 4000 rpm for 15 min, The Supernatants were preserved and then extraction

Process was repeated 3 times, All the supernatants were combined and kept

overnight at room temperature (30 +2°C) to evaporate off the ethanol content.
Then the concentrates were diluted with 5 ml of distilled water and were

transferred to centrifuge tubes. These test tubes were then centrifuged atl
4000 rpm for 10 min ang supernatants were collected for analysis of tot2
sugar,

The residues (starch) remaining after alcoholic extraction were d;:ﬁ
(}){Vemlght and then added with 2 m! of distilled water followed by 2 mlof2
C

. sional
. l'_ The tubes were kept inboiling water bath for about 20 min with 000“?‘8 1Iuc‘
stirring. The completion of hydrolysis was checked by the absence ©
color with N/10 iodine soluti

on. The tubes were cooled and centritugﬁ‘: \1[
4,000 rpm for 10 min. Finally the supernatants were made up to thcl\’&"“‘_ ol
10 mlby addition of distilled water The extract was used for estii!
starch as glucose equivalent
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Estimation of total sugar

Total sugar was estimated using the anthrone reagent. The reagent was
prepared by dissolving 2 grams of anthrone in a liter of concentrated H, SO,
Two ml each of anthrone reagent placed in test tubes (25 x 100 mm) were
chilled in ice bath. Then 1 ml of the extract was layered carefully over the
reagent and was allowed to chill. The tubes were then shaken vigorously while
still emerged inice bath. They were then brought to ambient temperature and
boiled in water bath for about 10 minutes. A reagent blank was prepared
similarly. After cooling , the absorbance was read at 625 nm. Total sugar
content was calculated using a standard curve drawn with 0-50p.g/ml of D-

glucose.

Estimation of starch

Starch content was estimated as glucose equivalent by the anthrone
reagent method as described above. The starch content was calculated in
terms of glucose equivalent and a conversion factor of 0.9 was used to
convert the values of glucose to starch (Mahadevan and Sridhar, 1998).

Proline extraction and assay

Tissues (from cortex and pith) weighing about 1g were homogenized
with 5 ml of 3% aqueous sulphosalicylic acid and the homogenate was
centrifuged at 4,000 rpm for 10 min. The following reagents were prepared
for the purpose of proline estimation.

Acid ninhydrin was dissolved in mixture of 30 ml of glacial acetic
acid and 20 ml of 6 M ortho-phosphoric acid with agitation and slight warming
The reagent was stored in a refrigerator and used within 24 h. The assay
mixture for proline estimation consisted of 2 ml of supernatant of standard
proline solution, 2 ml of acid ninhydrin reagent and 2 ml of glacial acetic acid.

The contents of the tubes were mixed thoroughly and heated in a boiling
water bath for 1 h. The reaction was terminated in an ice bath followed by
addition of 4.0 ml oftoluene. The contents were mixed vigorously and then

allowed to separateinto phases.



o

Biochemistry of postharvest spoilage of [pomoea batatasL.

The chromatophore containing proline (upper toluene phase) was car cfully
taken out by a dropper and the absorbance was read at 520 nm. The proline

content was calculated from a standard curve prepared with 0-20 ug/ml of
proline.

Ascorbic acid extraction and assay

Tissues (from cortex and pith) weighing about 2 g were homo g§m;ed
with 10 ml of 0.4% oxalic acid and centrifuged at 50°C for 15 min in 2
refrigerated centrifuge. The clear su

pernatant was taken for ascorbic acid
estimation,

Five ml extract in a 100 ml beaker was titrated with a standardized

sodium 2,6-dichlorophenol indophenol reagent until the solution became pink
which persisted for at least 30 sec. The asco

rbic acid contents of the extract
were computed using the formula-

IxSx D/Ax 100/W = mg ascorbic acid/ 100

basis where,
I=ml ofindophenol Teagent used in the titration
=mg of standard asco

rbic acid reacting with 1 ml of indophenol
reagent

D= volume ofthe extract in ml
A=the aliquot titrateq i ml

W=the weight of the S
fwb=fresh weight basi

gtissue fresh weight

amples in g
s

- g completely randomize block design. Mean comparison
within treatments wag perf

ormed by least significant differences (LSD)teste!
p=0.05 (Panse and Sukhatme, 1967).

RESULTS AND DISCuUsSIoN

Botryodiplodig theobromae ang Rhizopyg oryzae were reported ear'lfr
as two predominant fungi associate with Sweetpotato spoilage (Raz&’)-
Balagopalan, 1997; Ray and Misra, 1995 Ray and Punithalingam, !
Further studies were carried out op these two fungi,
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Table 1. Changes in starch * (g/100g fwb) content of sweetpotato roots infected with
fungus Botrydiplodia theobromae

Days after infection
Variety Parameter 0 5 10

15

Gouri Uninfected  227(6.8)**  21.0(74)  186(53) 16.9(2.5)
Infected  22.7(6.8) 187(60) 11767 9.5(11.0)

606 Uninfected  182(103)  176(103)  14.04.5) 12.4(10.8)
Infected  182(103)  9.5(4.8) 6.8(10.0) 47(18.6)

01 Uninfected 31.5(9.3) 30.3(11.0) 22.5(14.8) 194(14.8)
Infected 31.5(9.3) 22.14.9) 21.04.7) 20.9(11.3)

04 Uninfected 16.7(4.3) 16.7(7.0) 15.8(8.2) 16.0(6.4)
Infected 16.7(4.3) 16.4(4.8) 14.4(4.3) 10.0(10.9)

*LSD at 0.05 level between treatments is 1.77 (starch) and 0.69 (sugar) _ .
** Corresponding total sugar content (g/100 g fresh weight basis (fwb)) in parenthesis.

Changes in starch and total sugar content

Tables 1 and 2 show the changes in starch and total sugar contepts of
four sweetpotato varieties (Gouri, 606, 701 and 704) following infection by
B. theobromae and R. oryzae, respectively. In general, there was 2 gradual
decline in starch content during the storage for a period of 15 days. ThlS was
due to the natural process of aging of the roots due to storage (Uﬁam, 199.9)'
The decline in starch content was further accentuated in r00ts 1nfect§d with
fungi. The enhanced decline in starch content was expected as the fung! C(.)uld
have degraded some amount of starch to sugar for its normal ms:tabohsmc.l
Unpublished results of preliminary studies revealed that these fungi prOdu‘ir
¢ -amylase in vitro which possibly converted sweetpotato Star_Ch 0 S?Dlit
(Collins and Walter, 1985). In contrast to gradual decline 1n stat gh _con.eth :
there wag ng particular pattern of variation in total sugar qor‘ltent, Further, the
variation in total sugar content between infected and non-infecte . uilization
not follow a definite trend (Tables 1 and 2) This might be due to the u‘ l l,‘:“

Of some sugars in normal metabolism of the roots and pathogens as We

d samples did
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ble 2. Changes in starch* (g/100 g fwb) content of sweetpotato tubers infecteq with
Table 2. ¢

fungus Rhizopus oryzae
*‘ Days after infection 3 -
Variety Parameter 0 5 10 s
Gouri Uninfected 22708 19 44 8) 12675 9943
Infected 22.76.8) 14.4(4.5) LT 10409
606 Uninfected 18.2(10.3) 10.12.4) 13.7(7.1) 17.1(4.3)
Infected 18.2(10.3) 9.4(4.3) 12.6(5.5) 10.58.7)
701 Uninfected 31.5(9.3) 27.0(6.8) 22.7(7.8) 22.7(7.8)
Infected 31.5(9.3) 24.5(6.8) 21.8(8.5) 14.1(10.0)
04 Uninfected 16.7(4.3) 12.7(8.4) 18.5(8.2) 11.2(6.4)
Infected 16.7(4.3) 13.4(5.5) 10.0(8.6) 8.9(10.5)

*LSD at 0.05 level between treatments is 1.77 (starch) and 0.69 (sugar) .
** Corresponding total sugar content (&/100 g fresh weight basis (fwb)) in parenthesis.

Previous studies on starch-sugar metabolism ofhorticultural crops infected
by plant pathogens showed related results. Raman and Sankaran (1989)
reported that in grapes infected with Curvularia there was a decline in tojtal
sugar during storage and such decline was more pronounced in infected berries
thanin healthy ones, perhaps due to utilization of some of the sugars by the
microorganism. Qur results corroborated these studies. Likewise, Otazu E}nd
Secor (1981) showed that there was a highly positive significant correlation
between reducing sugar content and soft-rot severity in potato tubers overa
wide range of conditiong like temperature, cultivars, tuber portion and tuber
age. Total sugar and non-reducing sugars tended to decrease and r.edum'ﬂlt—’;
sugarincreased in radish ity prolongation of storage period as well as infectio

‘ | t
by Aspergiip,g Javus (Prasad ey al., 1990). Our studies showed s
SWeetpotato infected

ared
" _ f00ts suffered a rapid degradation of starch s COI;pi eck
with the flon-infected ones, i comformity with the results of ProzezdZ
and Murawa_ 199 1).
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Changes in proline contents

It has been reported that plants synthesize and accumulate amino acid
proline (Bogges et al., 1974) under stress environment such as drought, salt
and pathogen infection (Chu e/ al., 1974, and 1978). Hence, proline
accumulation is considered to be a parameter of stress (Singhetal., 1972,
Stewart, 1973) imposed upon the plant/plant parts due to adverse environments
(Mohanty and Sridhar, 1982) such as drought (Blum and Eberson, 1976,
Singh ez al., 1972) salt (Cavalieri and Huang, 1979) Chu et al., 1976; Stewart
and Lee, 1974), temperature (Chu et al,1974) and pathogen infection (Sinha
et al., 1984) leading to aging and senescence (Uritani, 1999). Since fungal

infection of tubers alters the host metabolism in several ways comparable t0
( Mohanty and Sridhar, 1982),1t

abiotic stresses like water or salt stress 1982),
was presumed that infection by fungi would induce proline accumglatlon inin
sweetpotato roots. Tables 3 and 4 show that there was 110 definite trend in
proline accumulation in fungi-infected and uninfected roots. In most of the
samples, accumulation of proline was 1.5-2 folds higher In unifected roo:s
compared with the infected ones. These results, therefore, do not corroborate

| ion of free
with the findings by several researchers. For example, af:cumulatlon 0 o
leaves infected with Colletotric

proline was reported in sugarcané - 082

Jalcatum (Bhansali et al., 1983). Similarly, Mohanty and S }rl]gl};ar (()lvirus).
reported anincrease in proline content in rice 1eaves infected \thn 1 gg; 0) that
The earlier belief (Singh et al., 1972; Thomas and 5 toga ata;ion to help
proline accumulation by stressed plants is & metabolic a0aP based on the

them i ' itions, 2 :
ithstand adverse environmental cond o portabl itrogen-

COnterllti.on that proline acts as a nitrogen reserve andisa ™ d (Hanson etal.,

Tgf;tammg material during stress, has often been question®

an 7, 1979, Tully ez al , 1979). Although pr oline 8 conﬂd{f/ielnns 1980), the

Dhyogz glaﬂlc solute in the stressed tissues (GreenWay andeithler dl;n'ng abiotic
ol( )' vl oF . . 1 1

S0logical significance of its acoumulation is 10! clear, own by Ot

(Tuy) s
y ()/ . . . AP n ].S b
Sludy al., 1979) or biotic stress (pathogen infection) ¢
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Table 3. Changes in proline* (g/100g fwb) content of sweetpotato roots infecied wyg,
fungus Botrypdiplodia theobromae

Days after infection o

Variety Parameteer 0 5 10 15

Gouri Uninfected  1.07 2.26 3.07 265
Infected 1.07 1.70 2.23 2.08

606 Uninfected ~ 2.00 2.18 2.15 3.75
Infected 2.00 191 1.45 249

701 Uninfected ~ 2.32 3.26 3.35 3.35
Infected 232 155 1.35 1.71

04 Uninfected ~ 3.04 2.86 3.30 423
Infected 3.04 3.49 2.06 3.16

*LSD at 0.05 level between treatments is 0.23

Table 4. Changes in proline* (g/100g fwb) content of sweetpotato roots infected with

fungus Rhizopus oryzae
_ Days after infection
Variety Parameter 0 5 10 15
Gouri Uninfected  1.07 443 2.06 3.08
Infected 1.07 228 1.08 1.60
606 Uninfected ~ 2.00 2.65 2.73 3.89
Infected 2.00 1.36 1.18 0.90
701 Uninfected 232 3.05 428 4.04
Infected 233 3.28 3.68 0.70
04 Uninfected 3,04 3.99 2.88 4.15
Infected 3.04 3.87 2.29 4.59

*¥LSD at 0.05 level between treatments is 0.12

Baee . — -
"_'""'*""'Wy PR —— Rl
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Changes in ascorbic acid content

Vitamin C is a vital component of sweetpotato roots having therapeutic
values (Woolfe, 1992). It occurs in both the reduced (ascorbic acid) and
oxidized (dehydroascorbic acid) forms. The dehydroascorbic acid content in
the four varieties studied was almost non-significant (3-5 mg/100g fwb).
However, their ascorbic acid content varied from 17 mg to 30 mg/100 g fwb
(Figs. 1 and 2). But there was a gradual decrease in ascorbic acid content in
roots following harvest. For example, in the variety “Gouri”, the ascorbic acid
content decreased from 30 mg/100 g fwb (at harvest) to 15 mg/100 g fwb
aﬁ'er 12 days of harvest. Likewise, in varieties 606, 701, and 704, the ascorbic
acid content decreased to 77, 70 and 67 percent of the initial contents,
fespectively, after 12 days of harvest. Thisis normal since the decline in ascorbic
acid content is considered as a parameter of aging roots following storage
g:;g% 1d992). Moreover, the.infeetion by either B. theobromae or R. oryzae
b Var? teireasec_i”the ascor'blc emd content to very low levels. For example,
(0day) toz y “Gouri”, ascorbic acid content decreased frc?m 30mg/100 g fwb

mg/100 g fwb after 12 days of harvest either in B. theobromae or

h~ Oryzae infected rootg (Figs. 1 and 2). The trend was likewise similar with
the other Varieties.

Severa] earlier re
decreased follo

and Hyang 19
that p,

Ier reports showed that ascorbic acid content in plants
WIng pathogen infection (Agrawal and Ghose, 1979; Chile
dhans f79;'ThC.>rnt0n and Workman, 1987). Prasad (1977).re'ported
(Cochlighgp, . rllltS inoculated with Helminthosporium spiciferum
‘ “8 spicifer) showed a decline in ascorbic acid content as compared
4id, in pary byatt}fd fruits. This was perhaps due to the utilizatior} of'ascorbic
nfection, ( ()Jritalnie I;ZthOgen aswell as acceleration of aging following pathegen
Culated wih A : 99)[AB’F wal and Bisan (1976) reported that apple tnu.ts
*Pergitlus niger and Alternaria tenuis showed drastic

I

df;(,lm(; n

0m ‘d content compared with uninoculated fruits. Results
Irm the

aciq ((
nient gy, Plants, fiuitg o

w;lth Uninocy|

a5corbic g
Studieg conf

. trend that fungal infection decreases ascorbic

Id vegetables more than the healthy tissues
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To summarize, there was a gradual decline in starch and ascorbic acid
content in sweetpotato following harvest. This decline was further enhanced
as a consequence of infection by either B. theobromae or R. oryzae. But
neither proline nor total sugar content increased in fungus-infected tissues as
compared with healthy tissues.
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