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FFigure 5.1. 1H NMR spectra (600 MHz) from 0.8 to 7.5 ppm of phosphate buffer (pH 
6.0) and methanol-d4 (1:1) extract of Narcissus bulbs divided into three regions 
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according to signal abundance of the compounds labeled with numbers from TTable 
5.1. 

Table 5.1. 1 Narcissus bulb 

metabolites. Measured at 600 MHz , in phosphate buffer (pH 6.0) and methanol–d4 

(1:1) 
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FFigure 5.2. Multivariate data analysis 1H-NMR data (600 MHz) of extracts of Narcissus 
bulb samples after different types of cutting. 

A) PCA score plot (PC1 vs PC2) of NMR spectra of extracts of bulb samples. Labels A-E 
represents times (2, 15, 30, 60 and 120 minutes) after cutting, the first number (1, 2, 3) 
represents the three possible ways i.e. half, quarter and chopped and the second 
number (1-5) represents the number of biological replicates for each type of sample.   
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BB) Loadings scatter plot of PCA (PC1 vs PC2) of Narcissus bulb samples showing the 
metabolites that correspond with the different regions of the PCA score plot. 

Figure 5.3. Multivariate data analysis 1H-NMR data (600 MHz) of extracts of Narcissus 
bulb samples at different times after cutting. (see FFigure 5.2 for PCA of all samples)  
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AA) PLS-DA scatter score plot for 5 classes based on only time after the cut while the 

type of cut was ignored. ( ) class of samples left for 2 minutes after the cut, ( ) class 

of samples with exposure time of 15 minutes after the cut, ( ) class of samples with 

exposure time of 30 minutes after the cut for each sample, ( ) class of samples with 

exposure time of 60 minutes after the cut and ( ) class of samples with exposure 

time of 120 minutes after the cut.   

B)  PLS-DA loadings scatter plot showing the metabolites that correspond with the 

different regions of the PLS-DA score plot A.  ( ) NMR signals ( ) average of classes 

shown in FFigure 5.3 A. 

C) PLS-DA scatter score plot when samples were divided into three classes’ i.e.  ( ) 

class of samples left for 2 minutes’ time after cut, ( ) class of samples of 15 minutes 

time after cut and ( ) class of samples left for 30 minutes after the cut for each 

sample.  

D) PLS-DA loadings plot of the metabolites that correspond with the different regions 

of the PLS-DA score plot C. 

 EE) PLS-DA  scatter score plot when samples were divided into three classes i.e. ( ) 

class of samples left for 30 minutes after the cut for each sample, ( ) class of samples 

left for 60 minutes after the cut and ( ) class of samples left for 120 minutes after the 

cut F) PLS-DA loadings scatter plot for longer time of exposure showing the 

metabolites that correspond with the different regions of the PLS-DA score plot E.  
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FFigure 5.4. Multivariate data  analysis 1H-NMR data (600 MHz) of extracts of Narcissus 
bulb samples after different types of cutting. 

A) PLS-DA scatter score plot where samples were divided into three classes based on 
type of cut when exposure time was ignored, ( ) class of samples where bulbs were 
cut in half, ( ) class of bulb samples cut in quarters and ( ) class of samples where 
bulbs were chopped into small pieces for browning to take effect.  

B) Loadings plot showing the metabolites that correspond with the different regions 
of the PLS-DA score plot A ( ) different signals and ( ) average of classes from the 
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PLS-DA. PLS-DA models were validated by using permutation test (R2 = 0.80, Q2 = 0.65 
with 100 permutations and 6 components) 

FFigure 5.5. Absolute amounts of alkaloid calculated from the 1H-NMR spectra 
(600MHz) of plant extracts (mg/g on dry weight) obtained after the different types of 
cuts and different exposure time for browning.  
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AA) amount of galanthamine mg/g dry weight basis with different types of cuts at 
different time intervals,  

B) amount of haemanthamine mg/g dry weight basis with different types of cuts at 
different time intervals and  

C) amount of narciclasine mg/g dry weight basis with different types of cuts at 
different time intervals.  

Statistical analysis (Two Way ANOVA) was performed along with Tukey's HSD 
(honestly significant difference) test (post-hoc test) for comparison purposes 
(samples compared with 2 minute sample in all cutting types) when 5 biological 
replicates were used with significance at (a) p < .05 and error bars represent standard 
error (SEM). 
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