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CHEMOMETRIC APPROACH TO THE NUTRITIVE VALUE OF SOME SORGHUM 
(SORGHUM BICOLOR L. MOENCH) CULTIVARS 

ABSTRACT:

This study aimed to determine which nutritional traits are a key to indicate 
the nutritive value of some sorghum cultivars by chemometric techniques such 
as principal component analysis (PCA) and cluster analysis (CA). Based on their 
genotype, seven sorghum (Sorghum bicolor L. Moench) cultivars (sorghum [Rox 
and Early Sumac], sudangrass [Gözde] and sorghum × sudangrass hybrid [Jumbo, 
Grazer, Hayday and El Rey]) were denoted. Nutritional traits used were comprised 
of neutral detergent fibre (NDF), acid detergent fibre (ADF), crude protein (CP), 
Ca, P, K and Mg that determined by near-infrared spectroscopy analysis and diges-
tible dry matter (DDM), dry matter intake (DMI), metabolizable energy (ME) and 
relative feed value (RFV) calculated by empirical equations. The NDF and ADF 
contents showed a negative relationship with ME and RFV. The CP content was ne-
gatively correlated with NDF and ADF but positively correlated with ME and RFV. 
The PCA generated two significant principal components (PCs). PC1 (59.51%) 
and PC2 (20.31%) described 79.83% of the total variation with eigenvalues of 6.55 
and 2.23 in the sorghum cultivars, respectively. The PC1 was more representatives 
of the cultivars (Grazer, Hayday, Early Sumac and Gözde) and the calculated traits 
(DDM, DMI, ME and RFV). PC2 was characterized by Ca and Mg, while ADF, 
NDF and K with negative loadings in each of the PCs were the most representatives 
of most cultivars. CA grouped cultivars and traits into two clusters. The P, DDM, 
DMI, ME and RFV were the most important among components, defining impor-
tant traits of cultivars to improve feeding of ruminants. 

Keywords: Cluster analysis, Feed value, Forage quality, Forage sorghum, Princi-
pal component analysis 



BAZI SORGUM (SORGHUM BICOLOR L. MOENCH) ÇEŞİTLERİNİN BESİN 
DEĞERLERİNE KEMOMETRİK YAKLAŞIM

ÖZ:

Bu çalışma, temel bileşen analizi (TBA) ve kümeleme analizi (KA) gibi kemo-
metrik tekniklerle, bazı sorgum çeşitlerinin besleyici değerini göstermede hangi 
besinsel özelliklerinin anahtar araç olduğunu belirlemeyi amaçlamıştır. Genotip 
bazında yedi sorgum (Sorghum bicolor L. Moench) (sorgum [Rox ve Early Sumac], 
sudanotu (Gözde) ve sorgum × sudanotu hibriti [Jumbo, Grazer, Hayday ve El 
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Rey]) çeşidi incelenmiştir. Numune setinde, yakın kızılötesi spektroskopi (NIR) 
ile belirlenen nötr deterjanda çözünmeyen lif (NDF), asit deterjanda çözünmeyen 
lif (ADF), ham protein (HP), Ca, P, K ve Mg ve ampirik denklemlerle hesaplanan 
sindirilebilir kuru madde (SKM), kuru madde tüketimi (KMT), metabolize edi-
lebilir enerji (ME) ve nispi yem değerine (NYD) ait veriler incelenmiştir. NDF ve 
ADF içerikleri, ME ve NYD ile negatif ilişki göstermiştir. CP içeriği, NDF ve ADF 
ile negatif, ME ve RFV ile pozitif korelasyon göstermiştir. Veri kümesinin TBA, 
iki önemli temel bileşen (TB) üretmiştir. TB1 (%59.51) ve TB2 (%20.31), sorgum 
çeşitlerinde sırasıyla 6.55 ve 2.23 öz değerleri ile toplam varyasyonun %79.83'ünü 
tanımlamıştır. TB1, çeşitlerin (Grazer, Hayday, Early Sumac ve Gözde) HP ve P ha-
ricinde, hesaplanan özelliklerini (SKM, KMT, ME ve NYD) daha çok temsil etmiş-
tir. TB2 ise Ca ve Mg ile karakterize edilirken, TB1 ve/veya TB2'de negatif yükle-
melere sahip ADF, NDF ve K, çoğu çeşitleri daha fazla temsil etmiştir. KA, çeşitleri 
ve besinsel özellikleri iki gruba ayırmıştır. Geviş getiren hayvanların beslenmesini 
iyileştirme bakımından çeşitlerin özelliklerini tanımlayan bileşenler arasında en 
önemlileri P, DDM, DMI, ME ve RFV olmuştur.

Anahtar Kelimeler: Kümeleme analizi, Temel bileşen analizi, Yem değeri, Yem 
kalitesi, Yemlik sorgum



1. INTRODUCTION

Sorghum (Sorghum bicolor L. Moench) is the most important food and feed 
crop after maize, wheat and barley and thus, is used for both the grain and fora-
ge to provide an important nutrient source to the human and animal population 
(Ritter et al., 2007; Singh et al., 2017). As such, it has conducted studies on the 
adaptability, stability, and nutritive value of forage sorghum cultivars (Farré and 
Faci, 2006; Jahansouz et al., 2014; Pinho et al., 2015; Singh et al., 2014, 2017; Uzun 
et al., 2017). Sorghum as a forage crop has received considerable attention in many 
regions of the world because their nutrient contents are well balanced in certain 
cultivars (Bean et al., 2013; Badigannavar et al., 2016; Uzun et al., 2017). Moreover, 
in the considerable studies, some forage sorghum cultivars have found to be more 
tolerant to abnormal growing conditions, and consequent higher in yield and qu-
ality (Farré and Faci, 2006; Kim et al., 2010a,b; Jahansouz et al., 2014; Pinho et al., 
2015; Uzun et al., 2017). Therefore, cultivar choice is a very important management 
decision for forage production and animal operations (Ouda et al., 2005; Pinho et 
al., 2015; Uzun et al., 2017). 

Multivariate or chemometric analyses such as principal component analysis 
(PCA) and cluster analysis (CA) concomitantly evaluate a set of characteristics 
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considering the correlations between variables, enabling better interpretations of 
the information extracted from a data set, which provided by analysing and/or cal-
culating (Bro et al., 2012; Shin et al., 2012; Santos et al., 2019). While PCA shows 
relationships among groups of variables in a data set and/or relationships that exist 
between objects (Jolliffe and Cadima, 2016), CA detects groups of similar objects 
described by several qualitative and/or quantitative variables (Saraçli et al., 2013; 
Drab and Daszykowski, 2014). Also, Drab and Daszykowski (2014) noted that the 
two-way clustering, extended with a colour map, enables a detailed interpretation 
of the studied treatments in terms of the variables that contribute most to the clus-
tering tendency. In several studies that used one or both PCA and CA, some sorg-
hum cultivars have been assessed in terms of agro-morphological diversity throu-
gh quantitative and qualitative phenotypic traits (Chikuta et al., 2015; Mofokeng 
et al., 2017; Hamidou et al., 2018; Mulima et al., 2018; Martiwi et al., 2020). The 
evaluation of sorghum cultivars especially in terms of nutritive value is very im-
portant (Singh et al., 2014, 2017; Uzun et al., 2017) because farmers are interested 
in sorghum cultivars with higher nutritive value for domestic ruminants in many 
countries of the world, including Turkey. Forage quality indicators (FQI) such as 
crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), di-
gestible dry matter (DDM), dry matter intake (DMI), metabolizable energy (ME) 
and relative feed value (RFV) as well as some mineral contents such as calcium 
(Ca), phosphorus (P), potassium (K) and magnesium (Mg), which are closely asso-
ciated with animal productivity, are mainly considered in determining nutritional 
value of forages (Singh et al., 2014; Uzun et al., 2017; Aydin et al., 2019). 

In the previous studies (Blümmel and Reddy, 2006; Singh et al., 2014, 2017), it 
has been reported that substantial variation in the feed value or nutritional quality 
of dual-purpose sorghum cultivars. Singh et al. (2014) have indicated that hybrids 
(686A x IS 697, 685A x ICSR 89 and 685A x GP 65072) are nutritionally superior in 
terms of CP, DDM, DMI and RFV. In our previous study, when some sorghum cul-
tivars were compared for the yields of dry matter (DM), DDM and CP, they ranked 
in the following order: Rox = Early Sumac ≤ Gözde = Grazer = Hayday = Jumbo = 
El Rey and also, the Jumbo and Grazer cultivars had higher ADF and NDF values, 
and lower DMI, ME and RFV compared to the other sorghum cultivars (Uzun et 
al., 2017). However, these variables evaluated by univariate analysis are considered 
limited for evaluating each of the variables individually compared with multivaria-
te or chemometric analyses (Bro et al., 2012; Shin et al., 2012; Jolliffe and Cadima, 
2016). Although the nutritional quality of forage crops is undoubtedly an impor-
tant and widely debated topic, these FQI and minerals have yet to be extensively 
classified using PCA and CA. Because mutual correlations among many of the 
analysed nutritional traits generate redundant information and create difficulties 
in interpretation (Jolliffe, 2002; Jolliffe and Cadima, 2016), correlation analyses are 
essential for assessing the relationships among the studied traits (Mofokeng et al., 
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2017). Therefore, this study aimed to determine which nutritional traits mentioned 
above can be a key means to indicate the nutritive value of some sorghum cultivars 
by chemometric techniques such as PCA and CA. Also, in this study, we examined 
the mutual relationships between the nutritional traits of the sorghum cultivars 
and thus, possible mechanisms behind the relationships.

2. Material and Methods

We have conducted a study, which evaluated some agronomic (plant height, the 
number of leaf and tiller, and dry matter yield) traits as well as nutrient contents 
(CP, NDF, ADF, Ca, P, K and Mg) and FQI (DDM, DMI, ME and RFV) respon-
ses to irrigation in two maize and seven sorghum cultivars (including sorghum, 
sudangrass and sorghum × sudangrass) for two years (Uzun et al., 2017). In that 
study, we have presented a detailed description and the nutritional traits of seven 
sorghum cultivars. Therefore, the procedures to group the cultivars and nutritional 
traits were the same applied by Uzun et al. (2017). The database of this study was 
from the control treatment and comprised of NDF, ADF, CP, Ca, P, K and Mg and 
also, DDM, DMI, ME, and RFV calculated by empirical equations (Moore and 
Undersander, 2002). The analysis and calculation protocols performed in triplicate 
were described in detail by Uzun et al. (2017). Based on their genotypes, seven 
sorghum (sorghum [Rox and Early Sumac], sudangrass [Gözde] and sorghum × 
sudangrass hybrid [Jumbo, Grazer, Hayday and El Rey]) cultivars grown in se-
mi-humid climatic zone of Samsun, Turkey (Bölük, 2016) were denoted.

The statistical methods as PCA and CA are common applied in the evaluation 
of the nutritional quality of forage sources to enhance the interpretation and vali-
dity of results (Aydin et al., 2019; Santos et al., 2019). Based on the objective of this 
study, these statistical methods were selected and applied. As such, in the present 
study, the data (Table 1) belong to the nutritional traits of each sorghum cultivar 
were used for the chemometric approach to the nutritive value by PCA and CA. 
Multivariate analysis was done for the classification and discrimination of the sor-
ghum cultivars based on PCA and CA in which sorghum cultivars were combined. 
Also, these data were subjected to Pearson’s correlation analysis. While PCA was 
to determine the relatedness of traits, hierarchical CA was performed according to 
similarity measures to simultaneously identify the associations between cultivars 
and the studied nutritional traits (defined as nutrient content and FQI). 

Pearson correlation analysis for all nutritional traits was used to study the rela-
tionship between the variables. PCA was also used to indicate the sources of varia-
tion differentiating the sorghum cultivars in terms of the studied nutritional traits. 
Before performing PCA, the suitability of data for PCA was assumed using the Ka-
iser-Meyer-Olkin (KMO) test and Bartlett’s test. Thus, a new set of seven orthogo-
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nal variables was generated by PCA (Jolliffe, 2002). The correlation and PCA were 
performed using the Correlate and Dimension Reduction, respectively of a statis-
tical package program (IBM SPSS Statistics version 21, SPSS Inc., Chicago, IL). The 
mean of six repetitions (n=12) of each sorghum cultivars at two years (N=84) was 
used as the cases. in the present study, two-way clustering that assumed a hierar-
chical clustering applied independently to data objects and variables using the se-
lected linkage approach and similarity measure was used (Drab and Daszykowski, 
2014). As such, the replication values of each trait for each cultivar were subjected 
to hierarchical two-way clustering analysis (unweighted pair-group) using the JMP 
statistical program (SAS Institute Inc. USA). Thus, both the sorghum cultivars and 
the nutritional traits (defined as nutrient content and FQI) were clustered accor-
ding to similarity measures to simultaneously identify the associations between the 
species and the nutritional traits. The clustering method, distance type, and scale 
type used in the cluster analysis (Saraçli et al., 2013) were group average (unweigh-
ted pair-group), euclidean and none or if any, standard deviation (SD), respectively 
computed by the cophenetic correlation coefficient (CCC). The CCC is the Pear-
son correlation between the actual distances and the predicted distances based on 
a particular hierarchical configuration. When CCC had a value of 0.75 or above, 
the clustering was considered useful.

 3. Results and Discussion

We reported previously that seven cultivars of sorghum exhibited significant 
differences in terms of some nutritional and chemical parameters (Uzun et al., 
2017). This study examined the mutual relationships between nutritional traits in 
the same sorghum cultivars and also, interpreted via the PCA and CA analysis the 
possible mechanisms behind the relationships. Therefore, the data matrix of the 
studied nutritional traits (CP, NDF, ADF, Ca, P, K and Mg determined by NIR and 
DDM, DMI, ME and RFV calculated by empirical equations) of these sorghum 
cultivars were subjected to PCA and CA, a chemometric approach (Shin et al., 
2012).

Correlations displaying the relationship among these variables are presented 
in Table 2. The CP was negatively correlated with NDF (r = -0.598) and ADF (r = 
-0.625) while positively correlated with ME (r = 0.625) and RFV (r = 0.625). Howe-
ver, there was a strong relationship between the CP with these parameters (P < 
0.01). The relationships between the ADF and NDF, ME (r = -1.000 and r = -0.872, 
respectively) and RFV (r = -0.945 and r = -0.978, respectively) were very strong 
and negative (P < 0.001). The ME value had a positive and strong correlation with 
RFV (r = 0.945; P < 0.001). There was a strong and positive relationship between 
the DDM with DMI, ME and RFV (r = 0.858, r = 1.000 and r = 0.945, respectively; 
P < 0.001).
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Table 1. The nutritional traits (defined as nutrient content and forage quality indi-
cator) of the sorghum cultivars and the overall mean of the variables evaluated in 
these sorghum cultivars (% of DM, except for ME, Mj kg-1 DM)

Traits1 Jumbo Grazer Hayday Gözde El Rey Rox Early 
Sumac

Overall

ADF 44.2±4.87 40.8±3.46 39.9±4.14 40.5±4.17 42.5±3.62 36.7±2.92 36.9±2.67 40.2± 4.44

NDF 71.3±6.03 68.4±3.49 66.9±6.23 67.9±6.01 71.1±4.78 63.4±3.38 63.6±3.30 67.5±5.58

CP 6.7±2.08 7.2±1.67 7.2±1.16 6.3±0.99 6.4±1.23 7.8±1.02 8.0±1.16  7.1±1.48

DDM 54.4±3.79 57.1±2.70 57.8±3.23 57.4±3.25 55.8±2.82 60.3±2.28 60.2±2.08 57.6±3.46

DMI 1.7±0.16 1.8±0.09 1.8±0.18 1.8±0.16 1.7±0.13 1.9±0.10 1.9±0.10  1.8±0.15

ME
7.3±0.65 7.7±0.46 7.8±0.55 7.8±0.55 7.5±0.48 8.3±0.39 8.2±0.35  7.8±0.59

RFV 71.9±11.80 78.0±7.20 81.4±12.47 79.5±11.56 73.5±8.75 88.9±7.59 88.3±7.16 80.2±11.23

Ca 0.5±0.14 0.6±0.18 0.5±0.27 0.5±0.13 0.5±0.19 0.7±0.08 0.6±0.20  0.6±0.18

P 0.3±0.05 0.2±0.02 0.2±0.03 0.2±0.03 0.2±0.03 0.3±0.03 0.3±0.03  0.2±0.04

K 1.7±0.39 1.0±0.32 1.3±0.25 1.1±0.28 1.1±0.46 0.8±0.23 1.1±0.35  1.1±0.40

Mg 0.2±0.04 0.2±0.08 0.2±0.06 0.2±0.07 0.2±0.11 0.3±0.05 0.2±0.06  0.2±0.08

1Values represent the mean ± standard deviation (n= 12 for each sorghum cultivars 
and n= 84 for overall mean) of each sample analysed in duplicate. ADF: Acid deter-
gent fibre, NDF: Neutral detergent fibre, CP: Crude protein, DDM: Digestible dry 
matter, DMI: Dry matter intake, ME: Metabolizable energy, RFV: Relative feed value, 
Ca: Calcium, P: Phosphorus, K: Potassium, Mg: Magnesium 

Table 2. Pearson correlation coefficients between the nutritional traits (defined as 
nutrient content and forage quality indicator) sorghum cultivars

ADF NDF CP DDM DMI ME RFV Ca P K Mg
ADF 1
NDF    0.872*** 1
CP  -0.625** -0.598** 1
DDM  -1.000***  -0.872***  0.625** 1
DMI  -0.858***  -0.996***  0.591**   0.858*** 1
ME  -1.000***  -0.872***  0.625**   1.000***   0.858*** 1
RFV  -0.945***  -0.978***  0.625**   0.945***   0.978***   0.945*** 1
Ca -0.062ns  -0.038ns 0.317*  0.062ns -0.013ns  0.062ns  0.002ns 1
P -0.144ns -0.207*  0.139ns  0.144ns  0.241*  0.144ns  0.221* -0.516** 1
K  0.134ns   0.080ns  0.128ns -0.134ns -0.047ns -0.134ns -0.077ns -0.485*   0.395* 1
Mg -0.650** -0.475* 0.408*   0.650**  0.435*  0.650**   0.531**   0.552** -0.159 -0.451* 1

ADF: Acid detergent fibre, NDF: Neutral detergent fibre, CP: Crude protein, DDM: Digestible 
dry matter, DMI: Dry matter intake, ME: Metabolizable energy, RFV: Relative feed value, Ca: 
Calcium, P: Phosphorus, K: Potassium, Mg: Magnesium, ns: Nonsignificant; *: P < 0.05, **: P 
< 0.01, ***: P < 0.001 (Two-tailed test)



74 Ferat Uzun, Nuh Ocak

ANAJAS, 2022, Cilt 37, Sayı 1, Sayfa 67-82

The relationship between the ADF or DDM and Mg was negative and strong (r 
= -0.650; P < 0.01), whereas NDF showed a negative and week correlation with P 
and Mg (r= -0.475; P < 0.05). The CP content of the cultivars exhibited a negative 
and week correlation with Ca (r = 0.317) and Mg (r = 0.408; P < 0.05). The DMI 
level was positively and strongly correlated with ME and RFV (r = 0.858 and r = 
0.978, respectively; P < 0.001), while positively and weekly correlated with P and 
Mg (r = 0.241 and r = 0.435, respectively; P < 0.05). The Mg level exhibited a positi-
ve and strong correlation with ME, RFV and Ca (r = 0.650, r = 1.531 and r = 0.552, 
respectively; P < 0.01) but a negative and week correlation with the K content (r = 
-0.451; P < 0.05). The Ca content showed a negative correlation with P (r = -0.485; 
P < 0.01) and K (r = -0.485; P < 0.05). The P content was positively correlated with 
K (r = 0.375; P < 0.05). 

The correlation analysis indicated that the relationship between some of the 
studied nutritional traits was mutual and complicated. The ME and RFV of forages 
are complex nutritional traits, which have many components contributing to its 
totality (Aydin et al., 2019) because there was a positive and strong correlation 
between these quality indicators. The NDF, ADF and Ca contents of the cultivars 
played an important role in the relation between the analysed and calculated traits 
with the highest-value correlation coefficient among the nutritional parameters 
(Muir et al., 2007; Moreas et al., 2015; Aydin et al., 2019). As predictors of forage 
quality, the RFV is calculated using NDF and ADF correlated with intake and the 
digestibility of the forages, respectively (Muir et al., 2007). The nutritional traits 
correlated positively with ME and RFV may be attributed to the positive correlati-
on between carbohydrates with total calories and fat with fibre in some sorghum 
varieties (Moreas et al., 2015). The results of the correlation analysis supported the 
idea that higher CP and low cell wall contents (NDF and ADF) are indicative of 
good fodder quality (Singh et al., 2017). The negative correlation between NDF 
and ME or RVF may be related to the variation noted in the DMI (% body weight) 
of the sorghum varieties due to variability in their NDF contents (Singh et al., 2017; 
Aydin et al., 2019). 

The results of PCA and CA suggested that significant diversity existed among 
sorghum cultivars for the nutritional traits studied. Indeed, the results that indica-
ted differences among the cultivars for the nutritional traits and clustering based 
on these traits classified the sorghum cultivars into two main clusters. PCA of the 
dataset generated two significant PCs. The statistical loadings (or scores) of these 
PCs are presented in Table 3. In Figure 1, different locations are used to represent 
the positive and negative correlations, respectively between the analysed charac-
teristics within a component (Table 3). The PCs having only eigenvalues of >1.0 
were considered significant to describe most of the total variations of data (Jolliffe, 
2002). The loadings corresponding to the PCs indicate that it has high contributi-
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ons from three groups. PC1 (59.51%) and PC2 (20.31%) described 79.83% of the 
total variation with eigenvalues of 6.55 and 2.23 in the sorghum cultivars, respec-
tively (Figure 1). These variables were closely related to each other, characterizing 
PC1 as an index for determining FQI. Based on the correlation matrix loadings (≥ 
0.75 and positive factor loadings) of the variables (Table 3), DDM, DMI, ME and 
RFV contributed most strongly to PC1, while CP and P contributed less strongly.

Table 3. Eigen analysis of the correlation matrix loadings of the experimental vari-
ables on the significant principal components (PCs)

Traits PC1 PC2
Crude protein 0.697 0.002
Acid detergent fibre -0.975* -0.018
Neutral detergent fibre -0.940 -0.127
Digestible dry matter 0.975 0.018
Dry matter intake 0.928 0.179
Metabolizable energy 0.975 0.018
Relative feed value 0.978 0.133
Calcium 0.140 -0.853
Phosphorus 0.165 0.755
Potassium -0.144 0.750
Magnesium 0.662 -0.554

Bold values represent strong (≥ 0.75) and positive factor loadings *-, negative corre-
lation
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Figure 1. Scatter diagram based on loading plots of principal components (PC1 and 
PC2) for the nutritional traits (defined as nutrient content and forage quality indica-
tor) sorghum cultivars. ADF: Acid detergent fiber, NDF: Neutral detergent fiber, CP: 
Crude protein, DDM: Digestible dry matter, DMI: Dry matter intake, ME: Metabo-
lizable energy, RFV: Relative feed value, Ca: Calcium, P: Phosphorus, K: Potassium, 
Mg: Magnesium.

Figure 2 depicts the score plots of nutritional traits generated from compa-
ring the sorghum cultivars based on PC1 and PC2. Based on scores, group I was 
composed of nutritional traits with positive loadings for PC1 and PC2 (CP, DDM, 
DMI, ME, RFV and P), group II included nutritional traits with positive loadings 
for PC1 and negative loadings for PC2 (Ca and Mg) and group III was composed 
of nutritional traits with negative loadings for PC1 (ADF, NDF and K). The results 
with relation to correlation confirmed the idea that the plots in PCA depicted the 
correlation of variables and objectives (Shin et al., 2012). The PCA results indica-
te that the PC1 were fewer representative of the cultivars and the calculated FQI 
(DDM, DMI, ME and RFV), except for CP and P, while PC2 was characterized by 
Ca and Mg and that the ADF, NDF and K with negative loadings in the PC1 and/
or PC2 were more representatives of most cultivars. Although high values for the 
calculated FQI characterized the Early sumac, Hayday, Jumbo and El Rey cultivars, 
the other cultivars were somewhat in the middle and less tightly clustered than 
either group. Therefore, either PC1 or PC2 did not enable the Early sumac, Hayday, 
Jumbo, and El Rey cultivars to be separated from the other cultivars associated 
with nutritional traits from groups 1 and 2, respectively.

Differently to PC1, in the PC2, no mutual relationship was observed between 
the K content and other nutritional traits while Ca and Mg were related to op-
posite quadrants, indicating the negative association between the K content. This 
relationship may represent a decrease in the K content when Ca and Mg increase. 
Indeed, an imbalanced intake of Ca, Mg, P and K is common in forage crops and 
consequently in ruminants (Masters, 2018) due to a mechanism called nutrient 
antagonism (Senbayram et al., 2016). For example, when K or Ca concentration in 
the soil–root interface is high, the plant’s ability to take up sufficient Mg is limited 
even if its concentration in the soil solution is high (Senbayram et al., 2016; Mas-
ters, 2018). This result suggested that the sorghum cultivars were important and 
enough since they described the current variation for the nutritional traits. Our 
PCA results shows that the variations among the cultivars resulted from especially 
quality indicators because the ME, RFV and RFQ were dominated an important 
part of the total variance. These notions are a significant forage species effect, as 
also revealed previously (Aydin et al., 2019).
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Figure 2. Score plots of principal components (PC1 and PC2) for the nutritional 
traits (defined as nutrient content and forage quality indicator) sorghum cultivars. 
q: Jumbo; ¢: Grazer r: Hayday;. £: Gözde; : El Rey; t: Rox; ¡: Early 
sumac. 

The variables that had a high correlation with one or more variables increased 
the commonality, and thus the PCs extracted explained much of the variable var-
iance, as also noted by Santos et al. (2019), who used PCA in nutritional epidemi-
ology studies. Figure 2 depicts the score plots of nutritional traits in the cultivars 
generated from comparing the groups based on PC1 and PC2. The traits of groups 
I and II were strongly related to the Early sumac, El Rey and Rox cultivars, while 
group II was related to the other cultivars. Also, groups I and II were weekly related 
to the Grazer, Hayday and Jumbo cultivars. The position of the nutritional traits 
in the score plot was consistent with the cultivars clustering in the CA and also, 
demonstrates that PC1 described the calculated traits, except for P, distribution 
between the cultivars. PC2 does not enable to be separated all the cultivars, which 
were associated with the variables from group II. 
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The CA and dendrogram are presented hierarchical relationships between the 
species in the dataset in terms of similarity or dissimilarity of their attributes rep-
resented by the parameters (Figure 3). CA grouped (CCC = 0.924) genotypes into 
two clusters (A and B) based on 11 nutritional traits. The cultivars in Cluster A 
(Jumbo, Grazer, El Rey, Hayday and Gözde) and Cluster B (Rox and Early Sumac) 
had no similarity. Also, the cultivars in two sub-groups of Cluster A, (Jumbo in the 
sub-group I and Grazer, El Rey, Hayday and Gözde in the sub-group II) had differ-
ences. The nutritional traits were grouped (CCC = 0.808) into two main Clusters 
(I and II) with two sub-groups, respectively. While Cluster I was included NDF, 
DDM, RFV and ADF, Cluster II was composed of CP, DMI, ME, Ca, P, K and Mg. 
The CP and ME contents of the cultivars included in Cluster I differed the studied 
minerals and DMI. Based on the colour intensity of the dendrogram, the similarity 
between Cluster I and Cluster II in terms of the nutritional traits is reduced. This 
may be related to the association between the calculated traits and the analysed 
traits (Mofokeng et al., 2017).

The CA results and dendrogram suggests this separation can provide a visual 
idea about variability presented in the seven cultivars. Accordingly, this confirmed 
that the accumulation of nutrients in fodder crops is influenced by certain fac-
tors such as plant species and variety (Singh et al., 2017; Aydin et al., 2019). Our 
results are consistent with the findings of Mulima et al. (2018) who reported that 
promising sorghum genotypes can be identified from cluster means recorded for 
each trait. Classification of these cultivars revealed large variation for the studied 
nutritional traits in the entire set as well as among the different pure and hybrid 
cultivars, as also noted by Upadhyaya et al. (2010) and Chikuta et al. (2015). It has 
been suggested that sorghum cultivars from different clusters would provide a gen-
eration of different purpose sorghum genotypes or availability of genetic variability 
for efficient selection (Abdel-Fatah et al., 2013; Chikuta et al., 2015; Mulima et al., 
2018). Such a notion might also be suggested based on the CA results of our study. 
Therefore, the present study might play a significant role in filling up the gaps on 
these sorghum cultivars and in providing the trait-specific cultivars for use by the 
breeders because Sorghum bicolor comprises of weedy and cultivated annual forms 
that are fully inter-fertile (Upadhyaya et al., 2010; Chikuta et al., 2015; Martiwi et 
al., 2020). Thus, the evaluation and use of these new cultivars in their breeding pro-
gram may contribute the sorghum improvement activities across the globe (Burow 
et al., 2012). Santos et al. (2019) noted that, based on that the theoretical rationale 
and assumptions for using chemometric and univariate methods as well as the in-
terpretation of results are different, these techniques should not be equal statistical 
methods. The results of the previous study, which the data analysed as univariate 
(Uzun et al., 2017), and our current study, was confirmed this notion. 
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Figure 3. Dendrogram that derived from hierarchical clustering analysis of the nutri-
tional traits (defined as nutrient content and forage quality indicator) of the sorghum 
cultivars. The horizontal and vertical dendrogram are the clusters of nutritional traits 
(CCC = 0.808; Delta = 0.186; Distance value = 0.504 – 1.701) and sorghum cultivars 
(CCC = 0.924; Delta = 0.209; Distance value = 0.002 – 1.885), respectively, according 
to similarities in the studied parameters. The intensity of colour histogram indicates 
the highest (light white, amount = 88.93) and the lowest (dark black, amount = 0.16) 
strength of similarity. ADF: Acid detergent fibre, NDF: Neutral detergent fibre, CP: 
Crude protein, DDM: Digestible dry matter, DMI: Dry matter intake, ME: Metabo-
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lizable energy, RFV: Relative feed value, Ca: Calcium, P: Phosphorus, K: Potassium, 
Mg: Magnesium, Early S.: Early Sumac.

4. CONCLUSIONS

The present study reports on the employment of PCA and CA as chemometric 
approaches, to discriminate and classify field-grown sorghum cultivars based upon 
their nutritive value (FQI and mineral contents). The techniques used in the study 
proved useful in obtaining effective characteristics, with two PCs and two clusters 
considered important in explaining the relationship and similarity among the nut-
ritional traits and cultivars, respectively. The variables such as DDM, DMI, ME and 
RFV were the most important traits among the selected components, defining as 
important characteristics in the selection of cultivars to improve the feeding of the 
domestic ruminants. Because very significant and strong positive correlations were 
observed among the calculated nutritional traits, these traits should be selected for 
strategic improvement in breeding programs. From the result of this study, it can 
be suggested that a combination of analysed and calculated traits may be useful 
in studying the genetic diversity of sorghum for conservation, breeding and other 
crop improvement activities. Moreover, the presence of vast diversity among the 
studied cultivars clearly shown by the distant relationships among the genotypes 
may be appealing to researchers, farmers and end-users.
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