
 
 

  

CIGR - International Conference of Agricultural Engineering 
XXXVII Congresso Brasileiro de Engenharia Agrícola 

 
Brazil, August 31 to September 4, 2008 

 
 

EFFECTS OF GAMMA RADIATION ON SPROUTING 
TURMERIC RHIZOME AND THE QUALITY 

AND RESULTING CHARACTERISTICS IN POWDERED FORM 
 
 

LÚCIA PÉRET-ALMEIDA1, ROBERTO GONÇALVES JUNQUEIRA2, 
MARIA BEATRIZ A. GLÓRIA3 

 
1 Researcher, D, UNI-BH/Belo Horizonte  – Brazil. e-mail: luciaperet@gmail.com  
2 Researcher, D, FAFAR/UFMG/ Belo Horizonte  – Brazil.  
3 Researcher, PhD, FAFAR/UFMG/ Belo Horizonte  – Brazil.  

 
Presented at 

CIGR INTERNATIONAL CONFERENCE OF AGRICULTURAL ENGINEERING 
XXXVII CONGRESSO BRASILEIRO DE ENGENHARIA AGRÍCOLA – CONBEA 2008 

Brazil, August 31 to September 4, 2008  
 
 
  
 
 
 

 

ABSTRACT: Rhizomes were submitted to doses of 0.00, 0.05, 0.10 and 0.15 kGy and stored at 26 ± 
1º C and 85% relative humidity for 135 days. In 45 day intervals samples were collected for analysis 
of the rhizomes and processed into ground turmeric. The higher the dose the longer the time required 
for sprouting.  At 0.15 kGy there was no sprouting up to 135 days of storage, however callus started to 
appear. The levels of curcuminoid pigments in ground turmeric were not affected by irradiation dose; 
however they varied with storage time. The CIE L*a*b* color characteristics of ground turmeric were 
not affected by radiation dose, but changed with storage time, except for 0.15 kGy.  
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INTRODUCTION: Turmeric has nutritional and pharmaceutical characteristics, for instance healing, 
antimicrobial, anti-inflammatory, anti-oxidant anti-carcinogenic properties. The rhizome is known 
and explored principally in Indian and Chinese medicine, being used for liver and gallbladder 
disorders, anorexia, rheumatism and sinusitis (AMMON and WAHL, 1991).  
Indian turmeric (Curcuma longa L. from the Zingiberaceae family), was planted in Brazil in the 80s 
with good results - up to 25ton/ha. The rhizomes produced are of good quality presenting, on average, 
6% curcuminoid pigment and 5% volatile oils (MILAN, 1992; CECILIO FILHO, 1996).Of all the 
turmeric products on the market, ground turmeric has the most commercial penetration. Its processing 
consists of cleaning of the rhizome, cooking, slicing and drying. During the post harvest period the 
rhizomes have a limit of 30 days to begin sprouting. This time can occur during transport. The 
appearance of the sprout is not desirable because it modifies the turmeric's color compared to 
processed turmeric that has not germinated. VAN KOOIJ (1986) confirmed that germination caused 
the most deterioration of rhizomes after harvest in the world due to alteration of the physical 
composition.  
This research has as its objective the verification of influences of gamma radiation on stopping the 
sprouting process in the rhizomes of turmeric and the quality of the final product of powdered 
turmeric. The specific objectives were: (i) evaluate the influence of three radiation doses in inhibiting 
sprouting while stored and temperatures and humidity; (ii) evaluate the influence of the different doses 
of radiation on the color and the quantity of curcuminoid pigment of ground turmeric. 
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METHODOLOGY: The turmeric rhizomes were collected, from a second cycle plant (eighteen 
months) in the city of Lagoa Formosa, MG. The rhizomes were transported to the Biochemical and 
foods laboratory at the pharmaceutical college in the Federal University of Minas Gerais in Belo 
Horizonte, for processing and analysis. The rhizomes (seven days after being harvested) washed 
brushed and selected within a standard of weight and size. The material was chosen randomly in three 
batches. Each batch was further subdivided and was radiated or not radiated (doses of 0.0; 0.5; 0.10; 
0.15). The radiation dosage was applied in Gamma cell (Atomic Energy of Canada Limited) of the 
Development Center for Nuclear Technologies of the National Nuclear Energy Commission (CDTN, 
CNEN, UFMG).  
The source used was Co(60) with a 0.0341 kGy/h potential. After being radiated the rhizomes were 
stored at 26 +-1 degrees Celsius at 85% relative humidity for up to 135 days. In forty-five day 
intervals samples were collected and evaluated for the presence of sprouts, ground, , and analyzed for 
levels of pigment curcuminoid and color characteristics. 
The rhizomes were analyzed in triplicate for the presence, size and weight of sprouts and loss of mass 
during storage. The ground turmeric was analyzed for curcuminoid pigment levels, humidity and color 
characteristics, also in triplicate. 
The standard used to quantify the curcumnoid pigment was the curcumin (Merck, Darmstadt, 
Germany). The reagents used in the analytic determination were of the p.a. degree. The solvents used 
for the highly efficient liquid chromatograph in the mobile phase were acetonitril chromatographic 
degree (Merck, Darmstadt, Germany) and highly pure water obtained via the Milli-Q system 
(Millipore, São Paulo, SP). These solvents were filtered in HAWP type membrane (with pores of 0.45 
um, 47 mm in diameter) for the aqueous solvents and HVWP for the organic solvent. 
 
RESULTS AND DISCUSSION: Curcuminoid pigment levels. The curcuminoid pigment levels 
were measured in the ground turmeric using highly efficient chromatography liquid according to the 
method described by AMARAL et al. (1999). To extract the curcuminoid pigment, 0.1g of ground 
turmeric was transferred to 250ml erlenmeyer with 50ml of ethanol and shaken for 90 minutes. The 
resulting solution was vacuum filtered and the filtered transferred and the volume capped off with 
ethanol at 250ml. A Shimpack CLC (6x150 mm, 5um, spherical, Shimadzu, Kyoto Japan), NH2 

column was used for the separation of the curcuminoid pigment.  
Color characteristic determination. The color characteristics of the samples of the ground turmeric 
were determined ColorTec -PCM (Accuracy Microsensor Inc., Pittsford, NY) color meter. The 
following parameters were measured: L* - luminosity and colorations - red (+), and b* - yellow (+). 
Data analysis. The samples for both the experiments and analysis were chosen at random. The results 
obtained through statistical Factorial 4 x 3, were submitted to variance analysis and the averages 
compared through the Duncan test of 5%. 
The results obtained in the study of influences of radiation and storage time in the sprouting are shown 
in table 1. Notice that during the storage period of the unradiated turmeric rhizomes (control group) at 
26+-1°C and 85% relative humidity, appeared in 45 days. The number and size of the sprouts grew 
during the storage period. These results are in accordance with GOVINDARAJAN (1980) and GOTO 
(1993) who observed the presence of sprouts between 30 and 40 days. 
The rhizomes radiated at 0.05 and 0.10 kGy sprouted between 45 to 90 days respectively. These 
dosages used did not impede the final form of the sprouts. The observed effect was of retardation 
seeing as the group radiated at 0.15 kGy increased the germination time to 135 days. In accordance 
with WETZEL et al. (1985), larger doses of 0.02 to 0.07 kGy, also caused the time of germination in 
onions from 3 to 12 months respectively. 
 
 
 
 
Table 1. Number and size of sprouts in Curcuma longa subjected or not to varying levels of radiation 
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during storage at 26+- 1ºC e 85% relative humidity for 135 days 
 

Treatment Time in Days Sprouts #/Lot Size of sprout 
Control  0 - - 
 45 15 sprout 
 90 29 4 cm 
 135 32 6 cm 
Radiation    
0.05 kGy 0 - - 
 45 8 sprout 
 90 23 2 cm 
 135 27 4 cm 
    
0.10 kGy 0 - - 
 45 - - 
 90 10 sprout 
 135 21 1 cm 
    
0.15 kGy 0 - - 
 45 - - 
 90 - - 
 135 - sprout 
______________________________________________________________________ 
Average of the three samples,  "-" = No sprouts  present 
 
During storage there was a loss of rhizome mass in relationship to the starting weight. In general, at 45 
days there was a loss around 25% of the weight, 90 days - 29%, 135 days - up to 38%. This loss in 
weight could be linked to loss of water in the rhizomes. It should be noted that there was not 
significant difference between the control sample and the radiated samples suggesting that radiation 
did not affect the amount of water lost in the rhizomes. 
 
The areas of each of the three curcuminoid peak separated by CLAE in the ground turmeric obtained 
from rhizomes subjected or not to gamma radiation are described in Table 2. The application of 
different levels of radiation did not significantly affect the areas a consequently the levels of 
curcumoid pigment. On the other hand, there was a large difference in the pigment levels during 
storage. Also note that a percentage in of contribution of each peak in the total area. The 
bisdemethoxicurcumin:demethoxicurcumin:curcumin relationship at zero time was 18.6:20.8:60.6 and 
the sample after 135 days changed to 21.6:20.8:57.6. These results suggest that there was a 
proportional reduction of curcumin in the sample with a consequential increase in 
bisdemethoxicurcumin. 
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Table 2.  Curcuminoid pigment in ground curcuma obtained from rhizomes irradiated or not and 
stored at 26+-C at 85% humidity UR  
       Time                                 Peak Area (x 10 12) of rhizome pigments irradiated at (kGy) 

  Days 0 0.05 0.1 0.15 
     
Bisdemethoxicurcumin   

45 354ay 401ay 367ay 354ay 
90 448by 506ax 535ax 493ax 

135 477ax 434ay 493ay 466ax 
     

Demethoxicurcumin    
45 367ay 398axy 371ay 377ay 
90 420by 469ax 487ax 440abx 

135 477ax 443ax 493ax 469ax 
     

Curcumin     
45 1045az 1141ay 1089ay 1121ay 
90 1223by 1390ax 1428ax 1291abx 

135 1399ax 1279axy 1389ax 1369ax 
Average Values +- standard deviation with the same letter ab on the same line and xyz in the same column for 
the same peak, do not differ statistically by the Duncan 5% probability test. 
 
The parameters of color CIE L*a*b* of the ground turmeric samples obtained from the irradiated 
rhizomes (or not) are presented in Table 3. The results obtained indicate show that the radiation had no 
effect on the color characteristics at any level. 
 

 


