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A multivariate analysis by Principal Components (PCA), 
Hierarchical Cluster Analysis, K-Nearest Neighbor (KNN) 
and Soft Independent Modeling of Class Analogy 
(SIMCA) methods were used to classify plants to different 
peach palm races. These statistical operations were applied 
to a data set of nineteen peach palm plant samples. Each 
data set contained fifteen variables defined as chemical 
characteristics of the mesocarp flour and physicochemical 
characteristics of the oil. The plants belonged to two dif- 
ferent races. PCA showed that two principal components 
separated these races into two classes. KNN and SIMCA 
confirmed this classification. The final data for the model 
contained sixteen samples (plants) and eight variables. 
These results showed the utility of using chemometric 
methods for the classification of botanical species. These 
methods should aid the identification of new sources of 
oleaginous plants. 
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Peach palm (Bactris gasipaes H.B.K.) is becoming an im- 
portant product for the American economy because of its 
traditional food application (1) and its potential utilization 
in the oleochemicals industry. Most analytical data, par- 
ticularly morphological properties (1-6) of peach palm, have 
been used to characterize and obtain descriptors for different 
populations. Such information is important for genetic~ 
agronomic and economic improvement of the crop. Various 
statistical methods have been used to define these para- 
meters. Univariate analysis with morphological and chemi- 
cal constituents of fruit, mesocarp and oil was reported by 
Garcia (7). Discriminant analysis with morphological vari- 
ables has been used to separate peach palm population~ and 
step-wise multiple regression has been used by Clement (3) 
to select descriptors. Multivariate analysis of lipids such as 
lecithins also has been used to classify oils in terms of their 
geographical origin (8) and according to process performance 
(9). In this study, several pattern recognition methods were 
applied: Principal components analysis (PCA) (10), hierar- 
chical cluster analysis (HCA) (10,11), K-nearest neighbor 
(KNN) and soft, independent modeling of class analogy 
(SIMCA) (12,13). 

The PCA method is based on variable reduction by linear 
combinations of the initial variables that define principal 
components (PC). This treatment of the data allows a re~ 
searcher to observe the objects of a multidimensional space 
by projecting them onto the PC space In other words, it 
is possible to reduce a p-dimensional space (more than 3) 
to two or three dimensions, where the objects can be ob- 
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served without losing essential initial information (11,14). 
Variable coefficients for a principal component are usually 
called "loadings", and their values are the correlations of the 
variables with the principal component. The "scores" are 
the object projections on the components and represent co~ 
relations between objects and components (10). 

KNN is based on sample similarity in the p-dimensional 
space, and it is measured by the distance between points 
representing samples, the more similar being closer. Differen- 
tiation of a sample between two classes is made arbitrarily, 
according to groups defined by the nearest neighbors. 

SIMCA is based on PCA, where separate models are con- 
structed for each class within a set in which the classes are 
known. Unknown samples may then be classified into the 
categories whose spatial models are closest. 

The problem in this study was to classify peach palms 
according to the chemical and physicochemical character- 
istics of the mesocarp and oil Then multivariate pattern 
recognition analysis was used to differentiate plants between 
peach palm races. The objectives in this study were to char- 
acterize the peach palm races; determine whether chemical, 
physicochemical and fatty acid variables could discriminate 
the two races; define a relevant set of variables and samples 
(plants) for this separation; and establish models for each 
race 

MATERIALS AND METHODS 

Peach palm plant .and fruit samples of two landraces: 
Microcarpa Jurud and Macrocarpa Vaupes were obtained 
from INPA Germplasm Active Bank (Manaus, Brazil) in 
1990 and 1991. Each was identified by sample and speci- 
men introduction numbers (Table 1). The mesocarp of the 
fruits was converted to a flour, and the oil was extracted 
after the fruits were characterized. The following physi- 
cochemical and chemical parameters were determined: 
Moisture (15), ash (15), oil content by using hexane and 
the Schwartz and Maxwell (16) and Bentes et al. (17) 
methods, protein (18), carbohydrates (by difference), refrac- 
tion index (18), and acid, saponification and iodine values 
(15,18). 

Gas chromatography (GC). Fatty acid methyl esters 
were prepared by mixing oil (50-100 mg) and sodium 
methoxide/methanol (3 mL). These solutions were heated 
for 3 min in a water bath. After cooling, BFJCH3OH (3 
mL) was added and heated for 3 min to ensure complete 
transesterification. After cooling, the mixture was diluted 
with 3 mL hexane, stirred and washed with 50 mL water. 
The upper phase of the mixture was separated and used 
for GC analysis (19). GC analysis (Shimadzu CG 14A, 
Tokyo, Japan) was performed with a 30-m capillary 
column wide-bore 530 (CG Analytica, Silo Paulo, Brazil), 
coated with Carbowax 20 M, and helium was used as 
the carrier gas. Samples were injected with the following 
oven temperature program: 100-170~ at 10~ 
170-180~ at l~ and 5 min at 180~ Injector 
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TABLE 1 

Sample Collected from INPA Germplasm Active Bank (Manaus, Brazil) 

Sample a Introduction Race b Sample Introduction Race 

1 91F0189/83 P5 J 10 90F0164/84 P4a V 
2 91F0189/83 P7 J 11 91F0164/84 P4 V 
3 91F0199/83 P1 J 12 90F0164/84 P9a V 
4 91F0199/83 P2 J 13 91F0211/84 P2 V 
5 91F0199/83 P4 J 14 91F0211/84 P3 V 
6 91F0199/83 P7 J 15 90F0215/83 P l a  V 
7 91F0201/83 P2 J 16 91F0215/84 P1 V 
8 91F0201/83 P8 J 17 90F0215/84 P3a V 
9 91F0201/83 P9 J 18 91F0215/84 P3 V 

19 91F0215/84 P8 V 

aFrom 1 to 9 Microcarpa (Juru&) and from 10 to 19 Macrocarpa (Vaupes) landraces. 
b j ,  Jurua and V, Vaupes. 

t e m p e r a t u r e  was  200 ~ and  the  de tec to r  f lame- ioniza t ion  
d e t e c t o r  t e m p e r a t u r e  was  220~ E a c h  s a m p l e  was  ana-  
l yzed  twice.  

These  d a t a  were s t a t i s t i c a l l y  a n a l y z e d  b y  PCA a n d  
H C A  as  e x p l o r a t i o n  m e t h o d s  and  K N N  a n d  S I M C A  (13) 
as  c l a s s i f i ca t i on  m e t h o d s ,  f rom t h e  c o m p u t a t i o n a l  pro- 
g r a m s  A R T H U R  of U N I C A M P  (Campinas ,  Brazil} and  
P I R O U E T T E  of I n f o m e t r i x  Inc. (Sea t t l e  WA). S I M C A  
and  K N N  were u s e d  to  o b t a i n  c lass  s e p a r a t i o n  and  to  
de r ive  c l a s s i f i ca t ion  ru les  and  mode l s  for each  class.  

RESULTS AND DISCUSSION 

To d i s c r i m i n a t e  b e t w e e n  p e a c h  p a l m  races,  chemica l  a n d  
p h y s i c o c h e m i c a l  v a r i a b l e s  of m e s o c a r p  f lour  a n d  oil  
(Tables 2 a n d  3) a n d  f a t t y  ac id  oil c o m p o s i t i o n  (Table 4) 

were s u b j e c t e d  to  m u l t i v a r i a t e  ana lys i s .  G r o u p i n g s  were 
o b s e r v e d  in t h e s e  d a t a  a f t e r  p r o j e c t i n g  m a n y  d ime n s ions  
(in th i s  case. f if teen) down on to  a two-d imens iona l  plane,  
These  g r o u p i n g s  could  be  i n t e r p r e t e d  in t e r m s  of known  
behavior  and  t hen  used  to  form the  bas i s  for classif ication.  

A n  e x p l o r a t o r y  P C A  m e t h o d  for n ine teen  ob j ec t s  
(plants)  a n d  f i f teen  var iab les ,  p l o t t e d  in two d imens ions ,  
is i l l u s t r a t ed  in F igures  1 and  2. These  p lo t s  show the  pro- 
j ec t ion  of each  peach  p a l m  t ree  s a m p l e  onto  a two-dimen-  
s ional  hype rp l a ne  in the  f i f teen-dimensional  m e a s u r e m e n t  
space  t h a t  is  s p a n n e d  by  t h e  a n a l y t i c a l  va r i ab l e s  (Tables 
2-4). F i g u r e  1 shows t h a t  s a m p l e  10 was  g r o u p e d  w i th  
t he  Juru& class ,  in sp i te  of b e i n g  m o r p h o l o g i c a l l y  classi-  
f ied to  t he  Vaupes  class ,  b e c a u s e  of i t s  18:1 con ten t .  The  
f i r s t  two p r inc ipa l  c o m p o n e n t s  (PC1, PC2) w i th  69.2% of 
va r i ance  showed  (Table 5) t h e  c lass  s e p a r a t i o n  w i t h o u t  

TABLE 2 

Moisture and Chemical Composition of Two Peach Palm Races, Dry Mesocarp (n = 2) a 

Sample Moisture (%) Ash (%) Oil (%) Protein (%) Carbohydrate (%) 

1 62.01 1.64 22.89 7.96 67.50 
2 49.24 0.84 21.93 4.90 72.32 
3 56.47 1.53 22.58 7.58 68.31 
4 58.32 2.32 19.54 9.36 68.78 
5 64.86 2.04 19.80 7.49 70.67 
6 62.91 2.13 26.06 9.00 62.81 
7 49.38 1.22 49.57 6.02 43.20 
8 30.48 0.42 52.69 4.60 42.29 
9 56.20 1.51 19.39 6.79 72.31 

10 70.05 3.30 6.79 7.50 82.40 
11 65.40 1.79 4.36 6.27 87.58 
12 62.88 2.16 9.29 8.45 80.11 
13 67.13 2.47 6.86 10.35 80.33 
14 51.19 1.34 7.46 4.45 86.75 
15 50.59 1.63 7.45 3.71 87.21 
16 57.39 1.17 6.23 4.44 88.16 
17 64.88 1.89 10.49 6.07 81.55 
18 60.65 1.01 4.00 5.62 89.36 
19 58.47 1.27 4.86 7.01 86.86 

aMoisture (%) = moisture percent of wet mesocarp; Ash (%) = ash percent of dry 
mesocarp; Oil (%) = oil percent of dry mesocarp; Protein (%) = protein percent of dry 
mesocarp; Carbohydrate = carbohydrate percent of dry mesocarp. 
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FIG.  1. Objects originally in a f i f teen-dimensional  space are projected on the  principal 
component  plane PC1-PC 2, 19 X 15 matrix.  The cross is (0,0); A = Juru&; O = Vaupes. 

considering object 10. In Figure 2, PC1 and PC3 (48.3% 
of variance) gave a better class separation, which revealed 
a structure similar to that based on morphological fruit 
properties (3). 

The HCA (Fig. 3) application with 100% of variance 
showed that the original groupings were formed at a 
similarity level of 0.57, according to the hopped classes. 
However, object 10 was located in the wrong class for the 
same reason explained above; objects 7, 8 (with the high- 

est oil content, 49.57 and 52.69% respectively, Table 2) and 
13 (the highest content of 16:0, 49.93%, Table 4) were 
potential outliers. 

Variables and samples considered irrelevant according 
to PCA application were removed. Only variables with 
high absolute value of loadings of the first PC (Fig. 5) and 
good modeling power criterion (10,20,21) (Table 6) were 
considered. The reduced matrix (16 X 8) without samples 
7, 8 and 13, with eight relevant variables (Table 5, 
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FIG. 2. Objects originally in a fifteen-dimensional space are projected on the principal component plane 
PC1-PC3, 19 X 15 matrix. The cross is (0,0); A = Jnrub; O = Vaupes. 

underlined), was subjected to recalculation with PCA giv- 
ing and gave the same original structure. A SIMCA (Table 
7) application to the 16 • 8 matr ix  led to a separated class 
model for Microcarpa Jurud with zero PCs and Macro- 
carpa Vaupes with two PCs, calculated according to the 
cross-validation criterion (22). By means  of the modeling 
power for each variable, its influence on the classification 
can be seen (Table 6). 

Each sample  was fi t ted to the models according to the 

distance between sample and each model. This gave more 
probabil i ty  of correct classification to those tha t  were 
closer to the calculated category, and it resulted in 
a perfect fit of all objects into appropriate  classes 
(Table 6), including sample 10, due to the restrictions 
imposed by the SIMCA model in relation to the dis- 
tance. A KNN application also showed a good separa- 
tion of the classes with an accuracy of 100% for 1 to 8 
nearest  neighbors (no missed samples) and a min imum 
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TABLE 3 

Chemical and Physicochemical Analysis of Mesocarp Oils 
from Two Peach Palm Races a 

Sample RI  (40~ a SV AV IV 

1 1.4481 196.70 88.14 63.24 
2 1.4467 195.18 104.46 71.88 
3 1.4511 195.12 105.22 71.39 
4 1.4495 196.76 103.44 62.13 
5 1.4509 196.63 112.14 61.45 
6 1.4517 195.63 92.34 61.78 
7 1.4560 194.42 29.33 68.93 
8 1.4510 195.34 41.94 70.59 
9 1.4505 196.06 105.79 57.00 

10 1.4590 195.23 100.64 60.53 
11 1.4600 197.78 91.19 64.96 
12 1.4584 195.69 107.02 78.70 
13 1.4655 200.20 120.96 39.14 
14 1.4560 196.90 114.83 79.23 
15 1.4520 195.99 121.02 84.66 
16 1.4542 106.24 106.72 70.00 
17 1.4561 196.35 107.44 88.20 
18 1.4562 198.36 98.29 63.79 
19 1.4423 198.96 123.82 74.83 

aRI (40~ = refraction index; IV = iodine value; AV = acid 
SV = saponificat ion value. 

value; 

T A B L E  4 
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Oil Fatty Acid Composition of Two Peach Palm Races 

Sample 16:0 16:1 18:0 18:1 18:2 18:3 

1 33.05 4.18 2.59 52.29 7.17 0.7 
2 24.93 3.69 2.74 58.49 9.60 0.5 
3 23.74 4.57 1.31 62.90 7.47 --  
4 33.62 4.05 3.04 50.93 8.36 --  
5 31.60 5.45 2.51 55.51 4.93 --  
6 29.49 2.30 3.95 59.28 4.98 --  
7 21.46 3.40 3.13 67.68 4.33 --  
8 23.66 5.76 1.71 62.10 6.76 --  
9 30.94 3.48 10.97 46.88 7.72 - -  

10 26.11 3.69 6.16 61.81 2.23 - -  
11 28.23 5.33 4.80 52.37 7.98 0.3 
12 25.43 5.32 4.02 47.70 14.96 2.5 
13 49.93 7.12 7.90 32.49 2.56 --  
14 27.39 9.60 1.07 44.64 15.32 1.9 
15 21.17 10.67 0.69 51.89 12.30 3.2 
16 24.37 9.47 1.22 52.93 10.61 1.4 
17 22.81 10.61 1.57 43.39 17.82 3.8 
18 34.24 11.54 2.41 42.33 9.49 --  
19 34.86 13.03 0.80 32.72 16.21 2.3 

of 93.8% for 9 to 10 nearest neighbors (one missed 
sample). 

Results of this study showed that chemical character- 
istics of peach palm can be used to form a data set rele- 
vant to the classification of landraces. The multivariate 
analysis was able to separate peach palm samples into two 

races. One race (Vaupes) revealed a more complicated 
structure than Juru&. A final set of eight variables was 
selected for these statistical analyses to discriminate 
races. They included: moisture %, oil content %, car- 
bohydrates %, saponification value, acid value, palmitic 
acid %, palmitoleic acid % and oleic acid %. 

TABLE 5 

Eigenvectors, Variance (%) and "Loadings" in Principal Component Analysis 19 X 15 Matrix 

Component / loading PC1 a PC 2 PC3 PC4 PC5 

Mois ture  (%) m30045 .17837 -=33816 .10875 -=02846 

A s h  (%) -=19249 .24450 -=46354 .09535 -:20917 

Off (%) .39010 .08028 .16880 .06866 -=30172 

Protein (%) -=13348 .34085 -=05704 .39235 -=44672 

Carbohydrate  (%) -=36846 -=13789 -=14159 -=12588 .37452 

RI  (40~ -=12645 .15931 -=20213 -=78509 -~29979 

SV -:33968 .06152 .40959 -=08388 m07982 

AV -~35869 -=06150 -=13687 .29414 .31882 

IV .06461 -:42083 -=22689 .03710 -=15370 

16:0 -=25979 .26065 .38943 .09599 -=09056 

16:1 -=22972 -=31099 .24048 -=18587 -=05915 

18:0 -=07389 .33319 -=04175 -=17974 .12193 

18:1 .36588 .06079 -=31053 -=01172 .22019 

18:2 -=13852 -=38744 -=01309 .12893 -=25700 

18:3 -=15470 -=35673 -=17977 .02145 -=40246 

Eigenvector  5.492E + 00 4.884E + 00 1.756E + 00 1.001E + 00 7.078E - 01 
% Variance (%) 36.6 32.6 11.7 6.7 4.7 
Cumulated  V 36.6 69.2 80.9 87.6 92.3 

a p c 1 - P C  5 are linear combinat ions  of all the  variables. V = variance. See Table 3 for other  abbreviations.  
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TABLE 6 

Modeling Power of the Variables Taken Over the Principal 
Components of the Model 16 X 8 Matrix a 

Modeling power 

Variable Juruh Class Vaupes Class 

Moisture (%) 0.62544 0.65808 
0i1(%) 0.78962 0.72246 
Carbohydrate (%) 0.66109 0.82723 
SV 0.76984 0.74592 
AV 0.40849 0.48147 
16:0 0.84733 0.62279 
16:1 0.54710 0.53363 
18:1 0.77683 0.78590 

aSee Table 3 for abbreviations. 
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TABLE 7 

SIMCA Application Resul ts  for the 16 X 8 Matr ix  a 

Category 

Sample True Calc b Distance Category Distance 

1 1 1 *** 1.676E-01 2 
2 1 1 *** 1.964E-01 2 
3 1 1 *** 1.751E-01 2 
4 1 1 **** 1.181E-01 2 
5 1 1 *** 1.598E-01 2 
6 1 1 *** 1.526E-01 2 
9 1 1 **** 1.212E-01 2 

10 2 2 **** 1.070E-01 1 
11 2 2 **** 1.122E-01 1 
12 2 2 **** 1.159E-01 1 
14 2 2 **** 9.639E-02 1 
15 2 2 **** 8.508E-02 1 
16 2 2 **** 9.319E-02 1 
17 2 2 *** 1.584E-01 1 
18 2 2 **** 9.958E-02 1 
19 2 2 **** 1.140E-01 1 

* 3.066E-01 
* 2.817E-01 

** 2.531E-01 
* 2.889E-01 

** 2.636E-01 
* 3.345E-01 

** 2.690E-01 
* 3.079E-01 
* 3.454E-01 

** 2.381E-01 
* 3.613E-01 

4.132E-01 
* 3.241E-01 
* 3.385E-01 

4.391E-01 
5.518E-01 

aMore asterisks designate increased probabil i ty  of correct classification. 
bCategory calculated by the program. 
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