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Abstract: Calcium salts of oxalate and carbonate are common crystalline mineral deposits in plant 

tissues. Calcium oxalate occurs in the vacuoles of specialized idioblastic cells (crystal cells) while 

calcium carbonate usually forms amorphous deposits called cystoliths. Characterization of the 

substances present in a crystal cell or in a lithocyst is an important step in deciphering the 

metabolic interactions between these mineral deposits and the plant cells. Different methods have 

been used for their characterization including scanning electron microscopy techniques, powder 

diffraction X-ray analysis, X-ray absorption spectroscopy, and infrared spectroscopy. Application 

of the above-mentioned techniques is usually complicated and destructive for the specimen. In the 

present work, Raman spectroscopy, a non-destructive vibrational technique, was applied on 

cystoliths that were isolated from Morus alba leaves and crystals isolated from Amaranthus 

hybridus. It was found that the cystoliths from Morus contained mainly calcium carbonate while 

the crystals from Amaranthus were made almost exclusively of calcium oxalate monohydrate. 

Differences in the Raman spectra were observed during leaf development, indicating that Raman 

spectroscopy can be a valuable tool in the search for the role of cystoliths. 
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Introduction 

Calcium salts of oxalate and carbonate are common crystalline mineral deposits in plant tissues. 

Calcium oxalate is the most widely distributed inorganic crystal occurring in the vacuoles of 

specialized idioblastic cells (crystal cells). Although less common than calcium oxalate, calcium 

carbonate is usually deposited in enlarged surface cells of leaves, called lithocysts, in the form of 

amorphous deposits called cystoliths. The production and maintenance of the mineral deposits is 

clearly under biological control. Although the role of both crystal cells and lithocysts has not been 

completely understood, it is proposed that they may provide a mechanism for the regulation of the 
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calcium levels in plant tissues and also may play a role in the defence against pathogens and 

herbivores. Characterization of the substances present in a crystal cell or in a lithocyst is an 

important step in deciphering the metabolic interactions between these mineral deposits and the 

plant cells.  

Different methods have been used for their characterization including scanning electron 

microscopy techniques with energy dispersive X-ray analysis spectroscopy (SEM-EDS), powder 

diffraction X-ray analysis (XRD), X-ray absorption spectroscopy (XAS), and infrared 

spectroscopy (IR). Application of the above-mentioned techniques is neither easy (XAS) nor 

desirable since some of these are destructive for the sample (IR), others require larger quantity of 

the sample and can be applied only on substances with crystallinity (XRD) and others can be used 

only for elemental analysis and morphological characterization (SEM-EDS). In the present work, 

the potential of Raman spectroscopy, a non-destructive vibration technique, in identifying the 

structure of isolated cystoliths and crystals from plants was explored.  

 

Materials and Methods 

Cystoliths from Morus alba leaves were isolated in water while crystals from Amaranthus 

hybridus leaves were isolated in isopropanol. Pure COM was prepared as described by 

Kontoyannis et al (1997) while calcite powder was prepared using the methodology described by 

Reddy and Nancollas (1971). Potassium nitrate was purchased from Aldrich (99.9+ % A.C.S. 

reagent). 

Samples were studied by scanning electron microscopy (Jeol JSM-6300) and FT-Raman 

spectroscopy. The Raman spectra were recorded using a FRA-106/S FT-Raman (Bruker) with the 

following characteristics: The laser excitation line used was the 1064nm of a Nd:YAG laser. The 

power of the incident laser beam was about 370mW on the sample's surface, while the spot size at 

the focused beam was about 100 µm. Typical spectral line width was 0.5cm-1 while the recorded 

spectra were the average of 300 scans.  

 

Results and Discussion 

In Fig. 1 the Raman spectrum of cystoliths isolated from Morus alba leaves can be seen along with 

the Raman spectrum of calcite, the most stable polymorph of calcium carbonate. It is apparent that 

the main inorganic species in the crystals is calcite. This finding contradicts earlier reports from 

numerous authors e.g. Setoguchi et al. (1990), Taylor et al. (1993), Levi-Kalisman et al. (2000) 

stating that calcium carbonate is either in amorphous state or as vaterite. The difference between 

this work and the reported results from other authors may lie in the isolation process where water 
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was used and it is highly possible that the initial phase was quickly transformed into the more 

stable calcite.  

A considerably strong fluorescence background characterizes the spectrum of Fig. 1 also. 

This background along with the strong vibrations at around 3000 cm-1 indicates that an organic 

matrix is also present.  

Fig. 1 Raman spectra of synthetic calcite and  Fig. 2 Raman spectra of isolated cystolithls from 

crystals isolated from Morus alba.   different nutrient cultures (I and II) of 

Amaranthus hybridus, calcium oxalate 

monohydrate and KNO3. 
 

In Fig. 2 the Raman spectra of isolated crystals from two different nutrient cultures Amaranthus 

hybridus, designated as I and II respectively, along with the spectra of pure calcium oxalate 
monohydrate and potassium nitrate can be seen. It is apparent that the cystoliths isolated from 

Amaranthus hybridus I are exclusively pure calcium oxalate monohydrate (COM) while in the 

cystoliths isolated from Amaranthus hybridus II potassium nitrate was detected in addition to 

COM. The lack of other vibrations and particularly at around 3000-cm-1 (not shown in Fig. 2) as 

well as the absence of any fluorescence background indicates that no organic matrix was present in 

the isolated material. These differences in the chemical composition of the plant extracts show that 

Raman spectroscopy can be a valuable tool in the search for the role of these inorganic deposits. 
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Fig. 3 Scanning Electron Micrograph of crystals isolated from Amaranthus hybridus I. 

 

Conclusion 

It was found that isolated cystoliths from Morus alba consisted mainly of calcium carbonate 

embedded in organic matrix while crystals from Amaranthus hybridus were composed almost 

exclusively of calcium oxalate monohydrate. The presence of KNO3 was also detected in crystals 

isolated from a different nutrient culture of Amaranthus hybridus. Raman spectroscopy was 

proved to be a valuable tool for deciphering the mechanism of deposition in plants. 
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