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ABSTRACT

The effect of gamma irradiation on some biochemical compounds of potato
tubers “alph”; during different periods of storage; was studied. Irradiation doses 0, 10,
20 and 40 Gy before planting and 0, 80, 160 and 320 Gy after planting were used as
two different storage methods. Also, the effect of periodic time storage at 0, 30, 60, 90
and 120 days on biochemical compounds ‘was investigated. The changes in
biochemical compounds such as; total phenolic compounds, chlorogenic acid and
peroxidase enzyme activity by colorometric spectroscopic analysis were followed.
Glycoalkaloids were determined by HPLC technique. The results proved thatthe
storage was much better and more predominent in the first than the second method.
The remarkable results of the two parameter effects radiation doses and storage time
were affected on safety preservative of potato tubers for long time about 120 days and
the effective radiation dose was found to be between 10-20 Gy. HPLC represented
that it is better to use potato varieties with high J-solanine content more than that of
chaconine content. So, in this work potato tubers can be stored for more expanded
time > 60 days up to 120 days; with using 20 Gy gamma radiation dose before
planting. Under these conditions; J-solanine / J-chaconine ratio was 87/13 % with less
content of +chaconine and therefore; less toxic effects on the human liver.

Keywords: Gamma radiation; Total phenolic compounds; Glycoalkaloids; J-solanine;
J-chaconine; Chlorogenic acid; Peroxidase enzyme; Planting; Storage.

INTRODUCTION

The potato (Solanum tuberosum L.) is an important food crop grown
throughout the world. Suberization is a tissue-specific process where by cell
walls become impregnated with a poly(phenolic) matrix coincident with the
deposition of a poly(aliphatic) matrix between the plasmalemma and
carbohydrate cell wall (Bernards and Lewis, 1998). While the nature of the
phenolic matrix remains incompletely defined, it has recently been shown that
in potato tubers, it comprises primarily hydroxycinnamic acids, and their
derivatives (Bernards, et al. 1995 and Negrel, et al. 1996). It has also been
shown indirectly that in the suberized tissues of Quercus suber (Gil, et al.
1997) and Clivia miniata (Schreiber, 1996; Zeier and Schreiber, 1997), there
is a significant amount of hydroxycinnamic acid present in the cell walls. Kim,
et al. (2002) refere that Peroxidase (POD) activity of potatoes during growth
was increased by 7-16% at 1, 8 and 16 Gy irradiation doses compared to the
control. Ramamurthy, et al. (2000) showed no effects of gamma-irradiation on
lignin biosynthesis during healing of wounds in potato (Solanum tuberosum
cv. Kufri Chandramuki) tubers. Activities of peroxidase and its isozyme
patterns were not significantly changed by irradiation. It is suggested that
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lignin biosynthesis may be decreased in irradiated potatoes due to differential
regulation of enzymes involved in lignin biosynthesis in response to exposure
to gamma-irradiation.

Potato tubers, on exposure to light in the field, store, shop or home,
develop greening which is indication of chiorophyll production. This is
attributed to elevated levels of the glycoalkaloids J}-solanine and J-chaconine;
a maximum level of 20 mg per 100 g fresh weight is generally regarded as an
acceptable upper limit for total glycoalkaloid content (Sinden and Webb
1972). Higher levels produce varying degrees of food poisoning and
associated symptoms (Van Gelder, 1990). A number of researchers
investigated the effect of gamma irradiation on the production of chlorophyll
and glycoalkaloids with conflicting results. Gamma irradiation of tubers
generally reduces the rates of chlorophyll formation (Hetherington and
MacQueen 1963; Winchester, et al. 1976). Glycoalkaloid concentration in all
cv. were higher than the recommended food safety level, this was reached
after 8 days in cv. Kerrs Pink and Desiree and 13 days in Pentland Hawk.

Chlorogenic acid; ester of caffeic acid and quinic acid; has an important
influence on defence mechanisms and quality in potato tubers. Tissues from
gamma-irradiated tubers have been shown to contain less chlorogenic acid
than the non-irradiated control tubers (Pendharkar and Nair, 1987 and
Ramamurthy, et al. 1992) where the biochemical events responsible for this
change. Friedman, (1997) conducted that gamma-radiation affect on the
stability of the major potato polyphenol, chlorogenic acid. Also beneficial
effects of phenolic compounds in the diet as antioxidants, antimutagens,
anticarcinogens, antiglycemic, and hypocholesterolemic  agents.
Understanding the biochemical basis of stress-induced formation of
polyphenols in plants, the chemistry of their transformations in the plant and
in foods, and their functions in plant physiology, food science, nutrition, and
health should stimulate interest in maximizing beneficial sensory, nutritional,
and health effects of polyphenols in the diet. Such efforts should lead to
better foods and improved human health. Orsak, et al. (2001) indicates the
effects of irradiation on total polyphenols and phenolic acids in potatoes.
Total polyphenol content in potato were identified by HPLC. L-Tyrosine (35-
70%) was the main phenolic compound, followed by chlorogenic acid, caffeic
acid and ferulic acid. Gamma-irradiation at lower doses caused an increase
in total polyphenols, but had the opposite effect at higher doses. During
storage after harvesting, potatoes tend to sprout but this problem is generally
controlled by the use of low doses (75-150 Gy) of gamma radiation which are
very effective in inhibiting sprouting during post-harvest storage (Thomas,
1984). Sharabash, et al. (1995) found that chiorogenic acid was increased by
prolonging the storage time and/or increasing the exposure dose. During a
post-irradiation period of 21 days a depletion in chiorogenic acid was
observed. This is a result of its impaired synthesis as well as an accelerated
conversion of chlorogenic acid to ferulic and sinapic acids and their
deposition in lignin. The results offer an explanation for the lower level of
chlorogenic acid invariably observed in irradiated potato tubers. The aim of
this work was focused on determination of total phenolic compounds,
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chlorogenic acid, peroxidase enzyme and glycoalkaloids (J-solanine and J-
chaconine) of irradiated and non-irradiated potato tubers before planting and
after harvesting and study the effect of different storage periods on such
compounds.

MATERIALS AND METHODS
(1) Materials:-
1.1- Potato:
One cultivar of potatoes namely alpha (Solanum tuberosum L.) was
obtained as the summer seed potatoes, Holland, at 1999 - 2000 season,
Ministry of Agriculture of Egypt.

1.2- Radiation scurce:
The potato samples were irradiated by Co¥® Canada Cell 220 Research

Irradiator. The irradiator dose rate 7.3 x 10° Gy/ min.

(2) Experimental:-
2.1- planting:

The planting experimental field was prepared in National Center for
Radiation Research and Technology (NCRRT), located in Nasr City, Cairo,
Egypt. The soil of the experimental field was clay loam with pH 7.7, as open
field. Tuber potatoes were irradiated wuth gamma rays at doses of 0, 10, 20
and 40 Gy then cultivated on February 21™ 2000 season, at depth 12-15 cm
and space with 30 cm among the cuItlvated seed potatoes. The treated seed
tubers were planted in soil with adequate moisture content at planting time. .
After 7-10 days from planting time, the planting ratio reach to higher than
95%. The different growth periods; 25, 50, 75 and 100 days from start growth
was considered.

2.2- Storage:

Storage experimental started from the potatoes after 100 days (Jun 2
*d 2000) from planting and divided into two storage experiments. The first
WaS the potalo tubers resulted from irradiated potato tubers with 0, 10, 20
and 40 Gy tefore planting and the second was the potato tubers; resulted
from the non-irradiated (control) planting; were irradiated with 0, 80, 160 and
320 Gy. The samples were taken from both experiments at different storage
periods 0, 30, 60, 90 and 120 days where the chemical analysis of each
sample was determined.

(3} Chemical analysis:-

Total phenolic compounds, Glycoalkaloids (J-solanine and J-
chaconine), Chlorogenic acid, and Peroxidase activity were determined in
different potato tubers.

3.1- Total phenolic compounds:

Total soluble phenoclic compounds extracted by the method of Mendel,
et al. (1989) were determined using the folin dennis colorimetric method
(A.O.A.C., 1965) at wave length 730 nm. The concentration was calculated
from the standard curve of pyrogallic acid as mg. per gram dry weight.
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3.2- Glycoalkaloids:

The extraction spiking experiments and determination by H.P.L.C. were
observed by Mendel and Lan (1992). A Beckman 1090 HPLC system with a
427 integrator and a 165 UV-Vis. variable-wavelength detector was used
(Friedman and Levin, 1989). The column was ODS C18 Perkin-Eimer column
(6 micron), 250x4.6 mm i.d. spherisorb ODS-2 microguard column. The
mobile phase consisted of 50% acetonitrile containing 5 mM sodium lauryl
sulfate (SDS) and 5 mM anhydrous sodium sulfate. The pH was adjusted to
4.5 with 1% sulfuric acid. The solvent flow rate was 1mi/min, and the UV
absorbance was monitored at 200 nm.

A glycoalkaloid stock solution (1 mg/ml) was prepared by dissolving J-
solanine and J-chaconine (sigma chemical Co.). Working standard solution
were prepared by dilution with methanol at 4 concentration (0.5, 0.25, 0.125
and 0.0625 mg/ml of J -solanine and J-chaconine. All solvents were of HPLC
grade.

3.3- Chilorogenic acid:

The quantitative colorimetric assay for chlorogenic acid was based on the
Hoepfner reaction (Hoepfner, 1932). The absorbance of prepared samples
was measured after 15 min incubation at wave length 520 nm against a
reagent blank. Total chlorogenic acid was calculated from a standard curve
prepared with authentic chlorogenic acid (Mendel, et al. 1989).

3.4- Peroxidase enzyme:

The extraction and determination colorimetric method were described by
Laurie and Carl (2000). Peroxidase activity was determined in enzyme extract
after the extraction method by Galeazzi and Sgarbieri, (1981) and Galeazzi,
et al. (1981) spectrophotometry based on the procedure originally developed
by George, (1953). The reaction was based on the oxidation of hydrogen
peroxide in the presence of the enzyme, with a colour change from clear to
orange/pink, and measured using an absorbance of 436 nm with a Shimadzu
120-UV spectrophotometer.

RESULTS AND DISSCUTION

1- Effect of different storage periods and gamma irradiation doses on
total phenolic compounds of potato tubers before and after
planting:

Table (1) showed that total phenolic compounds mg/100g d.wt.
increased with prolongating storage up to 120 days for both non-irradiated
and irradiated samples due to the activation of synthase enzyme which leads
to more production of sucrose and glucose. On the other hand; total phenclic
compounds content slightly increased at lower irradiation doses 10 Gy and
after that, its content decreased with increasing gamma irradiation doses on
potato tubers before planting. This can be attributed for that; gamma
irradiation at lower doses caused an increase in total phenols due to the
activation of phenolic synthase enzyme, but had the opposite effect at higher
doses;, more than 10 Gy due to the degradation effects on the phenolic
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compounds (Spinks, et al., 1976). From fig. (1) it was noticed that the best
conditions for the storage was for irradiated potato tubers before planting at
10 Gy; and storage time between 90 and 120 days. The higher irradiation
dose more that 10 Gy had no significant effect on total phenolic compounds.

Table (2) and fig. (2) showed the effect of gamma irradiation on total
phenolic compounds of irradiated potato tubers during different storage
periods. It was found from the results that the total phenolic compounds
content increased with increasing the period of storage at ambient
temperature and the less amount recorded at 120 days was the irradiated
tuber potato at 160 Gy after planting. These results reffered that; there was
no remarkable change between non-irradiated and irradiated potato tubers in
the tctal phenolic compounds content through all the time of storage. This is
because phenolic compounds had high resistance to gamma radiation which
can not easly degradable due to it's high resonance structure by the
electronic delocalization in their aromatic rings. These results agree with
many authers such as Hespeels, (1978) who stated that phenolic compounds
of potato tubers were increased with gamma irradiation at 50, 80, 120, 140,
150 Gy, due to the enzymatic activation The active species due to the
- radiolysis products by gamma irradiation e? H*, OH’, O,, and HO,', play an
important roles which accelerate the enzymatic activity and therefore, their
influence as tubers preservative by the clean method using ionizing gamma
radiation. Bergers, (1981) showed that the phenolic compounds in potatoes
irradiated at the highest dose level of 3 kGy undergo a time dependent
change during storage. This could be partly ascribed to the 4-glycoside of
scopoletin (7-hydroxy 6-methoxy, coumarin) and also accompanied with a
general decrease of chlorogenic acid (Mondy and Gosselin (1988) and Nell
and Barry (1989)). »

Table (1): Effect of different storage Beriods on total phenolic
compounds of potato tubers before planting at different
amma irradiation doses.

Total phenolic compounds (mg /100 g d.wt.)
Treatment Storage periods (day) .
0 30 60 20 120
15.16° 15.66° 19.04° 22.34° 25.36°
Control +0.906 $0.478 +1.005 +1.605 +2.816
[0.00] [3.29] [25.59] [47.36) [67.28]
15.85° 16.08° 18.43° 23.51° 24.95°
10 Gy +0.115 +.188 +.517 +.376 +0.312
[4.55] [6.07] [21.57] [65.08] [64.58]
15.48° 15.73° 16.89° 23.07° 18.56°
20 Gy +0.376 +.004 + 674 +.992 +0.875
[2.11] [3.76] [11.41] [52.17) [22.43]
13.5%° 15.86° 16.68" 17.89° 16.04
40 Gy +0.549 +.919 +.523 +.460 +0.536
[10.88] [4.62] [10.02] [18.01] [5.80]
L.S.D0.05 1.064 1.370 1.333 2.241 2.837
P ** 0.0044 | ns _0.8982 | ** 0.0086 | ** 0.0014 [*** 0.0001
[ ]: Values.between brackets reflect the percentages from the initial values.
a, b, ¢, d: Significant among doses. 1 : Standared deviation.
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%.ble () CHeet of difforent Storage perieds on total phenolic

compounds of potato tubers after planting at different

gamma irradiation doses.

Total phenolic compounds (mg /100 g d.wt.)
Treatment Storage periods (day)
0 30 60 90 120
15.16" 15.66° 19.04% 22.34° 25.36°
L‘Jontrol +0.906 + .478 +.005 + .605 +2.816
[0.00] @ZQ]EF [25.59] [47.36] [67.28
16.46" 16.91 17.85° 21.62° 25.41°
80 Gy +1.416 +.001 +0.246 +1.419 +1.079
[8.57] [11.54] [17.74] [42.61] [67.61]
16.48° 17.34° 19.74° 22.44° 23.34°
160 Gy +0.483 +0.896 +1.232 +0.759 +0.387
[8.71] [14.3 [30.21] [48.02] [53.95]
16.91° 16.89 19.8° 26.56" 25.55°
1320 Gy +0.610 +.285 + .897 +0.646 +0.185
[11.54] [11.41] [30.61] [75.19] [68.53
.S.D 0.05 1.744 1.369 1.734 2.225 2.868
P ns ns ns il ns
0.1919 0.0968 0.1012 0.0035 0.3025

a, b, ¢, d : Significant among doses.

0 30 60 90 120
Storage periods (day)

Total phenolic compounds (mg/100g)

Fig. (1): Effect of different storage
periods on total phenolic
compounds of potato tubers
before planting at different gamma
irradiation doses.

{ 1: Values between brackets reflect the percentages from the initial values.
% : Standared deviation.

120

0 30 60 90
Storage periods (day)
——O0— Control

T3 s SRR
Fig. (2): Effect of different storage
periods on total phenolic
compounds of potato tubers after
planting at different gamma
irradiation doses.
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2- Effect of different storage periods and gamma irradiation doses on
glycoalkaloids of potato tubers irradiated before and after planting:

Tables (3) and (4) showed the effect of different storage periods on
total glycoalkaloids (J-solanine and J-chaconine) of potato tubers resulted
from irradiation before planting (0, 10, 20 and 40 Gy) and irradiation after
planting (0, 80, 160 and 320 Gy). The storage of both cases represented that
total glycoalkaloids increased with the prolongation time of storage for non-
irradiated and irradiated samples. In general, the longer the storage time, the
higher the glycoalkaloid levels. Olsson and Roslund (1994) in a 9-month
storage study of several clones kept at4°C found that glycoalkaloid levels
fluctuated over time, sometimes rising and sometimes dropping in a few
instances even falling below original levels. Wunsch and Munzert (1994)
studied the effects of 6-month storage at 4°C on glycoalkaloid distribution in
five different cultivars. Although there was some variation in the cultivars, the
general trend was a slight reduction in glycoaikaloids over time. The results
follow up of such increasing in the total glycoalkaloids, accompaning with
raising greenish chlorophyl. Moreover, it was found that the rate of total
glycoalkaloids production increased by increasing gamma irradiation by
approximately 2-folds of the control. While in the second method of storage,
(irradiation after planting); the rate of increasing total glycoalkaloids was
much higher than the first method. Therefore; the first method of storage
(irradiation before planting) is more suitable and predominant than the
second method due to the lower content of total glycoalkaloids in potato
tubers irradiated before planting. The optimum conditions in this work were
gamma irradiation at 20 Gy and storage at 60 days for potato tubers
irradiated before planting, where the glycoalkaloid level was less amount. The
glycoalkaloids concentration remained lower than the recommended food
safety level 200 mg/kg™ fresh tubers (Liliana, et al. 2000).

Table (3): Effect of different storage periods on glycoalkaloids (J
solanine and J-chaconine) [mg/100 g F.wt.] of potato
tubers irradiated (0, 10, 20 and 40 Gy) as seed potatoes
before planting.

Storage Periods
Treatment 0 days 60 days 120 days
J-s J-¢ | Total J-S Jd-C Total J-S Jd-¢ | Total
IControf . 540 | 224 | 7636 | 1481 | 889 | 23.699 | 28.95 | 17.79 | 46.727
s:¢C) 71:29 62:38 62:38
R0 Gy 519 | 7.05 | 12.231 | 19.77 | 14.06 | 33.825 | 80.40 | 12.38 | 92.785
(s:c) 42:58 58:42 87:13
40 Gy 21.86 | 9.86 | 31.716 | 58.85 | 28.81 | 87.667 | 22.88 |[174.50[ 197.402
s : ¢) 69 : 31 67:33 12:88

- (s : ¢): Ratio J-solanine to J-chaconine in total glycoalkaloids.
o -ds: J-solanine. -J ¢: Jchaconine. - Total : Total glycoalkaloids.
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Table (4): Effect of different storage periods and gamma irradiation
doses on glycoalkaloids (Jsolanine and d-chaconineg

[mg/100 % F.wt.] of pctato tubers irradiated (2, 80, 160 and

|

320 Gy) after planting.
Storage Periods
Treatment 0 days 60 days 120 days
J-8 J-¢ | Total | J-s J-¢ | Total [ J-s Jd-¢c | Toftal

Control 5.40 2.24 | 7636 | 14.81 8.89 |[23.699 | 28.95 | 17.79 | 46.727
s :C) 71:29 62 : 38 62 ;38
80 Gy 30.56 | 17.31 [47.874 ] 65.00 | 71.30 [136.303] 230.60 | 107.55 [338.138
S :C) 64 : 36 48 : 52 68 : 32
160 Gy 160.90 | 16.545 [177.445] 202.95 | 191.8 |394.733] 189.00 | 211.90 |400.937
s:¢) 91:9 51:49 47 : 53
320 Gy 173.00 | 40.43 [213.451| 293.8 | 1054 [399.221] 289.00 | 217.15 (506.115
$:C) 81:19 74 :26 57 :43
- (s : c): Ratio J-solanine to J-chaconine In total glycoalkalolds.
-J8: Jsolanine. -J c: J-chaconine. - Total : Total glycoalkaloids.

Figure (3) showed that in most cases the improved varieties had a
significantly higher percentage of J-solanine compared to the controls. itis
important to note that J-chaconine is more embryo toxic and has a greater
ability to induce liver enzymes than J-solanine (Caldwell, etal. 1991 and
Friedman, et al. 1991). The toxicological potency of Jchaconine has been
evaluated to be higher than that of J-solanine, which means that J-chaconine
may have more effect in cases of potato poisonin% (Tozoda, et al. 1991). It
may therefore; be better to use potato varieties with high J-solanine content
more than that of J-chaconine content to enhance food safety (Friedman, M.
and Dao, L. 1992), so, in this work potato tubers can be stored for more
expanded time > 60 days up to 120 days; using gamma irradiation dose
effects at 20 Gy before planting, where Jsolanine / Jchaconine ratio wa
87:13 with less content of J-chaconine percentage '

90 4
go {a-Solanine _, 120 days :gg | a-Chaconine A
7 ~
70 &
< 7/ \ 140 4 120 days /
S60 / SN o 8204 /
® / .
£5071 6 N 2001 /
3404 , Qdays ‘\'\ 280 - A
S 30 ¥ . - Zero timd G604 60 days  ero time
204 .. Q-
10 i
0+ T T T
0 10 20 30 40 0 10 20 30 40
Dose (Gy) Dose (Gy)

Fig. (3): Effect of gamma irradiation doses on glycoalkaloids a-solanine
and a-chaconine mg/100 g F.wt. of irradiated potato tubers (0,
10, 20 and 40 Gy) at different storage periods.
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The results in fig. (4) showed the reverse behaviour, where the
percentage of Jchaconine is much higher content than J-solanine, which
influence on the quality of potato tubers due to the hazard effects on the man
healthy. There are many factors affected on glycoalkaloid compounds by
different ratios from J-solanine and J-chaconine such as time, light energy,
temperature and gamma irradiation doses (Dale, et al. 1997). Increasing or
decreasing the ratio percentages of J-solanine and J-chaconine depends on
their chemical structure by the above affecting factors (Olsson and Roslund,
1994).

240 -
300 a-Solanine .. _;,g‘ u-Chacom% I ' S o
2501 R 200 1 “A-. 420 days
AN -*,“120d < L7
] PN PP P
5 201 & s /. s0days’.
£ ' g : .
§ 150 4 //60 day's‘ § 120 d,' ‘A
§ 100 - ’ Zero time S 80- // : Zero time
50 1 40 gi/a___ﬁ\/A
0% " — 0 ——
0 80 160 240 320 0 80 160 240 320
Dose (Gy) Dose (Gy)

Fig. (4): Effect of gamma irradiation doses on glycoalkaloids a-solanine
and a-chaconine mg/100 g F.wt. of irradiated potato tubers (0,

80, 160 and 320 Gy) at different stprage p_eriods.

- Effect of different storage periods and gamma irradiation doses on
chlorogenic acid of potato tubers irradiated before and after
planting:

Table (5) and fig. (5) showed the effect of storage on non-irradiated
and irradiated tuber potatoes (0, 10, 20 and 40 Gy) at different storage
periods 0, 30, 60, 90 and 120 days. It was found that; chlorogenic acid
content increased with increasing the storage time for non-irradiated and
irradiated tuber potatoes at fixed ambient temperature. These resuits can be
explained by the fact that, increasing in chlorogenic acid levels during
storage, may be linked to sugar accumulation that is known to occur at
storage ambient temperature (Dale and Mackay 1994).

On the other hand, it was also observed that, the increase in
chlorogenic acid levels during storage with increasing the irradiation dose
done for seeds potatoes before planting was up to 20 Gy. This result due to
the activation of phenolase enzyme which is responsible for transformation
phenolic compounds to chlorogenic acid. While; at 40 Gy, chlorogenic acid
was caused by a reduction in synthesis and also, as a result of accelerated
conversion of chlorogenic acid to lignin (Pendhankar and Nair 1987 and
Ramamurthy, et al. 1992). ‘
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Table (5): Effect of different storage periods on chlorogenic acid of
potato tubers before planting at different gamma irradiation

doses. :
Chiorogenic acid (mg /100 g d.wt.)
Treatment Storage periods (day)
0 30 60 90 120
8.8’ 12.4° 13.6° 19.7° 28°
Control £1.312 £1.153 £0.889 £0.3 £0.656
__Jo.00] ___[40.91] __[45.55) _[123.9] ___[218.2]
9.3* 10.8* 11.6° 21.4° 32*
10 Gy 0.2 +1.058 40.625 0.2 #0.2
JS.GﬁB‘l  [22.73] _ [31.82] ~ [143.2] _[263.6]
10.4 11.8* 15.8" 17.8° 316"
20 Gy 40.557 0.1 40.656 £0.173 0.9
_[18.18] [34.09] __[79.55] [102.27] ___[259.11
40 G 82° 86 10.2° 126 17.48°
y 0.1 [6.82] 1+0.819 [2.27] | 0.4 {15.91] 0.2 [43.18]) | +0.7 [97.73]
L.S.D0.05 1.358 1.666 1.252 0.421 1.252
P * 0.031 ** 0.004 *** 0.000 *** 0.000 *** 0.000
[ ]: Values between brackets reflect the percentages from the initial values.
a, b, ¢, d : Significant among doses. 1 : Standared deviation.
3 354
-
g‘ 30 -—<— control
8 25
S 2 --0--10Gy
£
g 15 ---f-- 20 Gy
§ 10
- 5 — =%~ —40 Gy
g O — T ' 4
2 0 30 60 90 120
© Storage periods (day)

Fig. (5): Effect of different storage periods on chlon:ogenic_ acid of potato
tubers before planting at different gamma irradiation doses.

Table (6) and fig. (6) showed the effect of gamma irradiation on
chlorogenic acid of irradiated potato tubers during different storage periods.
At first, one must be recognized that, zero storage periods in days mean the
yield at 100 days of growth time; where their samples are non-irradiated tuber
potato planting. 1t was found that chlorogenic acid levels increase with
increasing storage time 0, 30, 60, 90 and 120 days and also; with each
irradiated sample. These results refered that the storage time factor was
more influnced than of gamma irradiation dose factor. This can be a
attributed to; at the storage factor; the rate of chlorogenic acid synthesis was
more than the rate of lignin formation. But in other side; the factor of gamma
irradiation effects within storage reduced the chlorogenic acid levels with
increasing gamma irradiation doses. The later result can be explained that in
non-irradiated tubers anabolism of chlorogenic acid was more active than its
catabolism, and hence the chiorogenic acid content was maintained at a
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higher level. On the contrary, in irradiated tubers the rates of anabolism and
catabolism of chlorogenic acid were similar, and as a result the chlorogenic
acid- was depleted at a faster rate. This overall z5ange in metabolism could
be attributed to the lower content of chiorogenic acid during the post-
irradiation period.

Table (6): Effect of different storage periods on chlorogenic acid of
potato tubers after planting at different gamma irradiation

doses.
Chiorogenic acid {mg /100 g d.wt)
Treatment Storage periods (day!
0 30 60 80 120
88 124° 13.6° 9.7 26°
Control $1.312 $1.153 $0.889 $0.3 $0.656
[0.00] [40.91] [45.55] [123.88] | [218.18
L 9.4’ 9.8 10.7 14.9° 20.5
0 Gy $1.058 +0.557 05 $1.682 +0.2
6.82] 11.36] [21.58] 69.32] | [132.95]
%5’ [_9‘z 9.4 10 138
160 Gy $0.361 $1.2 £ 01 10.557 $0.2
[3.41] [2.27] [6.82] [13.64] [56.82] |
6.8° 78 -8 12.6° 15.1°
320 Gy $+0.3 +0.1 1.1 $+0.2 $1.253
[22.73] [11.36) [9.09] [43.18] [71.59]
L.S.D 0.05 1.645 1.855 1.415 1.703 1.358
P * 0.0326 **0.0013 ***0.0001 ***0.0000 | *** 0.0000
[ 1: Values between brackets reflect the percentages from the Initial values.
a, b, ¢, d: Significant among doses. +: Standared devlation.

~—O—— control
— O —80Gy
- - A- - 160Gy
~— 3 — 320 Gy

Chlorogenic acid (mg /100 g d.w.t)

0 30 €0 90 120
Storage periods (day)

Fig. (6): Effect of different storage periods on chloroge_nig acid of potato
tubers after planting at different gamma irradiation doses.

Therefore; the depletion of chlorogenic acid is caused by both a
reduction in synthesis, most probably at the cinnamic acid-4-hydroxylase
level, and also as a result of accelerated conversion of chiorogenic acid to
lignin precursors (Pendhankar and Nair 1987 and Ramamurthy, et al. 1992).
These results adopted with Orabi, (1985) who confirmed that chiorogenic acid
was increased by extending the storage period of irradiated potato tubers,
while, Pendhankar and Nair (1995) reported that chlorogenic acid moieties of
lignin during post irradiation period of 21 days a depelation in chlorogenic
acid was observed.
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4- Effect of different storage periods and gamma irradiation doses on
Peroxidase activity of potato tubers irradiated before and after planting:

Table (7) and figure (7), illustrated thé effects of gamma irradiation on =

peroxidase activity of potato tubers irradiated as seed potatoes during
different storage periods. It was found from the resuits that; with perolongated
the storage time, peroxidase activity will reduced and, also its activity
decreases with increasing gamma irradiation dose ranged between (10-40
Gy).

Such value ranged from 73.5 to 61.2 U/mi min™* at zero time storage,
compared to non-irradiated (control) at 67.3 U/m! min™. On the other side; by
increasing gamma irradiation on potato tuber seeds followed by storage; the
yield of potato tubers, can be stored with a minimum loss of peroxidase
activity 20.3% for tubers at 10 Gy and highest period 120 day were the
optimum radiation condition to keep the potato tubers for the longest storage
period, where the peroxidase activity has a most value which involved with
H,0,. The purified anionic enzyme readily formed dehydrogenative polymers
from ferulic acid in the presence of H,O; that are characterized by a high
level of cross-linking (potentially through side chain C-8) and a high degree of
retention of side chain unsaturation. The anionic peroxidase isoform of potato
in the polymerization of the poly(aromatic) domain during suberization, (Mark,
et al. 1999 and Converso and Fernandes, 1996). potato tubers have
irradiation dose more than 10 Gy are less resistant under storage; because
inactivation of peroxidase function due to decrease the amount of H,O..

Table (7): Effect of different storage periods on peroxidase activity of
potato tubers before planting at different gamma irradiation

doses.
Peroxidase activity (U/ml. min™)
Treatment Storage periods (day)
0 30 60 90 120
67.3% 49.5° 40.3° 321° 25.6”
Control 0.2 +3.559 +0.265 13.551 +1.808
- __0.00] 26.45] [40.11] [52.301 {61.96]
73.5° 70.2° 65.8° 59.7° 53.6°
10 Gy 14.694 +1.114 +1.778 10.964 +0.2
[9.21] [4.41]) [2.23] {11.29) [20.36}
59.7° 62.9° 54.3° 49.1° 438°
20 Gy +5.102 +0.265 1+3.215 +2.007 40.1
[3.57] [6.54] [19.32) [27.04] [34.92}
61.2° 54.7° 44.7° 38.5° 32.6°
40 Gy 10.1 14.851 +0.557 0.2 0.2
9.06] [18.72] [33.58] 142.79] _[51.56]
L.S.D 0.05 5.531 5.766 3.589 3.951 1.726
P *0.0146 | **0.0002 | **0.0000 | **0.0000 | *** 0.0000
[ J: Values between brackets reflect the percentages from the initial values.
3, b, ¢, d : Significant among doses. +: Standared deviation.

6962



J. Agric. Sci. Mansoura Univ., 28(11), November, 2003

—0—0
-0 —10
-8+ 20
— X —40

20| T T T

0 30 60 90 120
Storage periods (day)

Peroxidase activity (U / ml. min™")

Figure (7): Effect of different storage periods on peroxidase activity of potato
tubers before planting at different gamma irradiation doses. :

The Effect of gamma radiation and different storage periods (0, 30, 60,
90 and 120 days) on Peroxidase activity of irradiated potato tubers (0, 80, 160
and 320 Gy)were shown in table (8) and figure (8). Tt was found that the
inactive peroxidase enzyme increased to about 62% with increasing the
storage time at 120 days, with respect to the non-irradiated tuber (control).
Also, on the other hand, the same effect of gamma radiation on the inactive
peroxidase; where it reached to about 74.4% inactivation at 120 days and
irradiation doses 320 Gy. These results have shown that the peroxidase
enzyme responsible for browning colour and tuber lignification, can be
selectively inactivated by combined increasing gamma irradiation doses and
storage periods. The results proved that first method was more predominat
than the second one. The inactivation percentage of peroxidase enzyme in
the first method was about 20.3% at radiation dose 10 Gy, while the other
method showed much higher inactivation at the same period of storage 120
days which is 74.4% and much costs of gamma radiation dose 320 Gy. To
understand the mechanism involved in this paradoxical situation; the activity
of cinnamyl zicohe! dehydrogenase (CAD), a specific enzyme involved in
lignification, showed a positive correlation with phenylalanine ammonia-lyase
(PAL) activity and lignin biosynthesis in potatoes. One possible reason for this
could be the ineffective utilization of transcinnamic acid by gamma-irradiated
tuber tissues, a view also expressed in a study on biochemical aspects of
gamma-irradiated potatoes by Pendharkar and Nair (1987). Another
possibility could be the preferential channelling of transcirnamic acid by
secondary pathways to flavonoids and anthocyanins. Peroxidase has been
implicated in lignification and suberisation during potato tuber storage.
Reduced accumulation of lignin, accompanied as a result of gamma
irradiation, may affect the long term storage stability of irradiated potatoes
Ramamurthy, et al. 2000. Generally, the extent of the inactivation increased
as the gamma radiation, temperature and holding time were collectively
increased. For both enzymes, temperature appeared to have had the most
marked effect, resulting in the loss of activities. These enzymes responsible
for colour degradation and flavour loss can be selectively inactivated by
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combined gamma radiation, temperature and holding time treatment. This
could be of significance for commercial processing aiming to produce a
minimally processed product with a nearly fresh quality and extended storage
Laurie and Carl (2000).

Table (8): Effect of different storage periods on peroxidase activity of
potato tubers after planting at different gamma irradiation

doses.
Peroxidase activity (U / ml. min™)
Treatment Storage periods (day)
0 30 60 90 120
— 67.3" 49,57 40.3% 32.17 25.67
Control 0.2 +3.559 +0.264 +3.55 +1.808
[0.00] 26.45] 40.11] 52.30] [61.96]
53.2° 41.7° 34.3° 28.17° 23.5%
80 Gy +3.251 +0.4 +0.264 +0.173 +2.951
[20.95] [38.04] 49.03] 58.25] 65.08]
457" 38.8™ 31.27 25.3° 21.1°
160 Gy +0.2 +5.384 +2.931 +0.889 +0.458
32.09} 42.35] 53.64] 62.411 [68.65)
38.4° 32.9° 26.5° 20.7° 17.2°
320 Gy +0.5292 +3.345 +2.571 +0.3 +1.212
_[42.94) [51.111 [60.62] | [69.24] 74.44)
L.S.D 0.05 3.112 6.854 3.687 3.462 3.479
P *=*(0.0000 | **0.0035 | ***0.0002 | **~0.0004 [ **0.0029

[ ] : Values between brackets reflect the percentages from the initial values.
a, b, ¢, d : Significant among doses. % : Standared deviation.
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