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ABSTRACT

Reducing the economic value of the cassava tuber crop, thereby Postharvest Physiological Deterioration
(PPD) is the major problem in cassava that renders the tuber unmarketable. After harvest of cassava tuber
causing fluorescence in the storage parenchyma was observed, because changes in metabolic compound
mainly responsible for the fluorescence. Its content peaks within 24 hours of injury and prior to the
development of the visual symptoms of physiological deterioration. The present study of Fourier infrared
transform spectroscopy (FTIR) was performed with CI 850, YTP 1, H740/92 and H226 cassava genotypes to
identify the functional compound changes during Postharvest Physiological Deterioration. FTIR spectroscopy
is a technique based on the determination of the interaction between infrared (IR) radiation and a sample.
The present study revealed that the extracts of fresh cassava tuber and stored tubers of different cassava
genotypes, has potential to produce bioactive functional compounds like hydrocarbons, oxygen compounds,
nitrogen containing compounds, isocyanates, thiocyanide, cyanide, isothiocyanates, oxidized nitrogen
functions, sulfur compounds, phosphorous and amides but their quantity was differently in cassava

genotypes which correlate with reinforcement of tolerance to PPD under storage condition.

Key words : Postharvest Physiological Deterioration, Fourier infrared transform spectroscopy, Genotypes, Functional

compounds

Introduction

Cassava (Manihot esculenta) is cultivated as an an-
nual crop in tropical and subtropical regions for its
edible starchy, tuberous root. Cassava is the third
largest source of food carbohydrates in the tropics,
after rice and maize. Cassava is a major staple food
in the developing world, providing a basic diet for
over half a billion people. It is one of the most
drought-tolerant crops, capable of growing on mar-
ginal soils.

However, subsistence and commercial utilization
of cassava are affected by its short shelf-life due to a
rapid postharvest physiological deterioration (PPD).
PPD in cassava is rapid, begins within 24 to 48 h af-
ter harvest and can result in losses in the range of 15

to 30 per cent of the total expected economic value of
the crop. PPD is an oxidative reaction that starts im-
mediately after harvesting when the tuber is de-
tached from the mother plant. It resembles typical
changes associated with the plants response to
wounding. Physiological and biochemical changes
during PPD include increases in respiration
(Sanchez et al., 2013), mobilisation of starch to sugars
and changes in lipid composition (Lalaguna and
Agudo, 1989). Also, accumulation of scopoletin is
more pronounced in cassava cultivars that are more
responsible for the fluorescence in the storage paren-
chyma observed after cutting cassava. Its content
peaks within 24 hours of injury and prior to the de-
velopment of the visual symptoms of physiological
deterioration (Wheatley and Schwabe, 1985). Fur-
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thermore, the accumulation of biochemical com-
pounds are more pronounced in cassava cultivars
that are more susceptible or tolerant to PPD, de-
creasing after 6 days due to lower metabolism
changes. This study has provided evidence that
Postharvest Physiological Deterioration is associated
with functional compound accumulation and ex-
pressed differently in cassava genotypes which cor-
relate with tolerance to PPD under storage condi-
tion.

Materials and Methods

Plant material

Four cassava genotypes viz., CI 850, YTP 1, H740/92
and H226 were collected from Tapioca and Castor
Research Station, Yethapur, Salem, Tamil Nadu, In-
dia. Cassava tubers from twelve month old plants
were harvested by digging the rhizosphere area and
used for PPD evaluation.

Fourier infrared Trans form spectroscopy (FTIR)

Infrared spectroscopy allows the analysis of physi-
ological changes during postharvest physiological
deterioration. Samples of fresh tuber from immedi-
ately after harvest and 5 days after harvest were col-
lected for analysis. An FT/IR - 6800 (JASCO FT/IR
- 6800, Made in Japan) spectrometer with a DTGS
detector equipped with a golden gate single reflec-
tion diamond attenuated total reflectance (ATR) ac-
cessory (45° incidence angle) was used. A back-
ground spectrum of the clean crystal was acquired
and samples (100 mg) were spread and measured
directly after they were pressed on the crystal. The
spectra were recorded in transmittance mode over a
spectral window from 4000 to 400 cm™ at a resolu-
tion of 4 cm™. Five replicate spectra (128 co-added
scans before Fourier transform) were collected for
each sample, in a total of 80 spectra.

Results and Discussion

FTIR spectroscopy is a technique based on the deter-
mination of the interaction between infrared (IR)
radiation and a sample. Elucidation of the molecular
structure is especially important in organic chemis-
try. An analytical method for the identification of
functional groups from organic compounds uses
one of the most physical properties of a chemical
compound in the infrared absorption spectrum. The
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FTIR spectroscopic investigation revealed that dif-
ferent characteristic peaks with various functional
compounds in the cassava tuber extracts. The FTIR
analysis of extracts of fresh and stored tubers of dif-
ferent cassava genotypes, confirmed the presence of
hydrocarbons, oxygen compounds, nitrogen com-
pounds, isocyanates, isothiocyanates, oxidized ni-
trogen functions, sulfur compounds, phosphorous
and amides (alcohols, phenols, alkanes, carboxylic
acids, aldehydes, ketones, alkenes, primary amines,
aromatics, esters, ethers, alkyl halides and aliphatic
amines compounds) showed their major peaks. The
result of FTIR analysis indicated that the spectral
regions associated with different functional com-
pounds which are given in Table 67. The extract of
cassava genotype CI 850 fresh tuber exhibited a
characteristic peak at 3772.08 to 3987.82 cm™ indicat-
ing the presence of a alcohol group, at 3344.93 cm™,
3249.47 cm™ for strong alcohol, 2768.66, 2751.72,
2734.46 cm™ for alkyne, carboxylic acid respectively.
2208.09 to 1889.9 cm™ for thiocyanate, isothiocyanate
and isocyanate, 1636 cm™ for oxime group, 1736 cm®
! for N aldehyde group, 1066.44 cm™ for amines,
1211.08 cm™ for ester, 1272.79 cm™! for aromatic,
13366.33 cm™ for phenol, 1506.13 cm™ for nitro com-
pound and 538.42 to 406.07 cm™ for sulfur and phos-
phorous compounds. These peaks were similarly
observed in other genotypes also. Irrespective of the
genotypes, peak at 1900 to 2250 cm™ was observed
which represent thiocyanate, isothiocyanate and iso-
cyanate in all the genotypes of fresh and stored tu-
ber but number of peaks was expressed differently.
Among the genotypes CI 850 produced 12 and 17
peaks (1889 to 2188 cm™) at the same time H226 was
produced 21 and 24 peaks (1890 to 2297 cm™) of
fresh and stored tubers respectively. YTP 1 pro-
duced 16 and 20 ( 1888 to 2175 cm™) and H740/92
expressed 15 and 22 peaks ( 1889 to 2208 cm™ ) in the
same spectral region of fresh and stored tubers re-
spectively. Peak at 946 cm™ was observed in all the
genotypes of fresh and stored tubers which repre-
sent presence of HCN in the tuber extracts.

Strong skeletal bands for isocyanates,
isothiocyanates, diamides, azides and ketenes fall in
the 1900 to 2250 cm™ region of the spectrum. These
skeletal bands arise from the stretching of the carbon
-nitrogen bonds in the ring structure. This cyanide is
distributed widely throughout the cassava tuber,
with large amounts in the leaves and the tuber cor-
tex (skin layer) and generally smaller amounts in the
tuber parenchyma (interior). The bitter taste of cas-
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Table 1. Continued ...

Class

H226FT H2265 DAS

CI 850FT CI 8505 YTP 1FT YTP 15 H740/92 H740/925
DAS (cm™) FT (cm™)

Wavenumber

Group

(cm™)
500.12

(cm™)

468.53

DAS(cm™)

(cm™)
482.11

DAS(cm™)

(cm™)
480.22

(cm™)

438.22 431.04

488.22

472.22

P-OR

compounds
(Esters)

460.90 468.61 464.24 430.66 406.007 440.65 482.11

487.01

422.33 430.048 432.44 424.84 500.39 452.02 464.22

498.22

400-900

412.92 492.72 42426 644.51

420.11

404.22

507.18

415.58

416.54

401.21

410.63

470.11

452.23

440.28

(DAS - Days After Storage )
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sava is largely due to cyanide (King and Bradbury, 1995)
and high cyanide parenchyma tubers must be processed
before consumption to reduce the amount of toxic cy-
anogens to a safe level. Ivana et al. (2008) reported that
glucosinolate breakdown products differ from others
due to the instability of the initially formed
isothiocyanates at neutral or slightly acidic pH resulting
in the production of indole-methanols, ascorbic acid con-
jugates and oligomeric mixtures and also reaction of or-
ganic isothiocyanates with dimethyldioxirane in acetone
produces isocyanates in good yields during stored tuber.
In addition, Miller and Conn (1980) reported that its ac-
tivity correlates with cyanogenesis, with cyanogenic
plants showing higher activities compared to non-cya-
nogenic plants and cyanide may also be oxidized via the
enzyme rhodanase and produces thiosulfate and sulfite
(Legras et al., 1990; Halkier and Gershenzon, 2006;
Oreilly and Turner, 2003). Yuling Qin et al. (2017) re-
ported that carbohydrate and other energy metabolism
changes during PPD in cassava tuber. Uarrota et al.
(2014) findings prompted us to perform more detailed
analysis, taking into account the data set related to typi-
cal fingerprint regions of carbohydrates (1200-900 cm™),
proteins (1680-1540 cm™), lipids (3000-1700 cm™) and
nitrogen compounds (1900 - 2250 cm™) to better identify
and discriminate the cultivars according to their bio-
chemical discrepancies over the PPD.

Conclusion

This study provides further evidence for the accumula-
tion of functional compounds are more pronounced in
cassava cultivars. This study proved the variability ex-
isted among cassava genotypes for PPD, although there
were no cassava genotypes with complete tolerance or
resistance to PPD. CI 850 and YTP 1 had low reaction to
PPD. These cassava genotypes can be used as novel do-
nor sources aimed for developing PPD tolerant geno-

types.
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