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Abstract 
Understanding the molecular factors of rice degradation during its aging 
concerns our research team. This article emphasizes oryzenin-amylopectin. It 
aims to reveal the mechanism of amylopectin deterioration during rice aging. 
The research exploits the Natural Bond Analysis and ONION method at 
theory level DFT/B3LYP/6-31+G(d, p) and AM1. This methodological ap-
proach allows highlighting amylopectin transformation; oryzenin converts 
amylopectin into amyloidosis in continuous. This led to monosaccharides 
and disaccharides. 
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1. Introduction 

Rice is the staple food of the Ivorian people. However, Côte d’Ivoire is struggling 
to fulfill food self-sufficiency in relation to this product. Post-harvest losses are 
the main cause. They’re explained by the inefficiency of storage techniques or its 
alteration during storage. Understanding the molecular factors of this modifica-
tion concerns our research team. This work follows up on two others on the 
subject. The first focuses on the roles of phospholipids in this process [1]. The 
second analyzes the oryzenin-amyloidosis interaction [2]. This article emphasiz-
es oryzenin-amylopectin. It aims to elucidate the role of this latter in the degra-
dation of rice.  

Previous work on amyloidosis establishes that its degradation occurs due to its 
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transformation into polysaccharides and monosaccharides [2]. On the contrary, 
authors [3] explain its alteration by the slow transformation of amylose into 
amylopectin. They conjecture that this transformation results in a compensatory 
increase in the second. This debate suggests the following research question: 

How does oryzenin interact with amylopectin? 
This work aims to understand the mechanism that degrades the components 

of starch; literature ignores it. Moreover, theoretical studies on amylopectin- 
oryzenin remain unknown. The research targets to contribute to filling this gap. 
It assumes that the hydrogen bond (HB) between oryzenin and amylopectin de-
composes this latter; its formation impacts the stability of many molecules in the 
solid state and in solution. It justifies those of molecular structures such as DNA, 
water [4] [5] and carboxylic acids [6] [7]. 

HB influences some physical constants such as the melting point temperature 
of chemical compounds. To answer the research question, this work utilizes the 
resources of theoretical chemistry. It deploys NBO (Natural Bond Orbital) anal-
ysis [8]; it uses charge transfer (CT) [9] [10] [11] to describe the formation of 
HB as in [2]. Additionally, it exploits the branching model to guide calculations 
of oryzenin-amylopectin interactions. It relies on an amylopectin subunit; this 
contains three (AMP3G) or four (AMP4G) glucose molecules linked by sugar 
bridges. Also, the research employs the resources of quantum chemistry. 

This work applies the ONION method at precision [DFT/B3LYP/6-31+G(d, p): 
AM1] and AM1. Furthermore, amylopectin molecules schematize with three 
(AMP3G) and four (AMP4G) molecules of α-D glucose or synthons connected 
by osidic bridges. This methodology highlights the mechanism shaping the de-
gradation of amylopectin under the action of oryzenin. This knowledge, asso-
ciated with that of the amyloidosis degradation, helps to clarify the mechanism 
underlying the degradation of rice starch during its prolonged storage. This ar-
ticle consists of three parts.  

The first details the results of the Natural Bond Orbital (NBO) analysis. The 
second focuses on the AMP3G-oryzenin interaction. The third examines the one 
between the latter and AMP4G. These last two parts present the geometrical, 
energetic, and spectroscopic parameters of these complexes. Also, it discusses 
the convergent or divergent aspects between the results obtained with amyloido-
sis. Before, the article summarizes the hardware and the materials and the me-
thod of research. 

2. Materials and Method of Research 

This work retains the strategy used to study the amylose-oryzenin interaction. 
The amylopectin subunits comprise three (AMP3G) or four (AMP4G) glucose 
molecules linked by osidic bridges. The arrangement of glucose molecules con-
siders the branching of amylopectin. The amylopectin-oryzenin complex is di-
vided into two parts. The ONIOM/[DFT/B3LYP/6-31+G(d, p): AM1] offers the 
possibility of calculating its parameters with different levels of precision [12] 
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[13]. The active part concerns the interaction site between the hydrogen of ory-
zenin and the oxygen of amylopectin. This part undergoes a calculation with 
high precision DFT/(B3LYP/6-31+G(d, p)). On the contrary, the remaining part 
of the complex is treated with the low precision semi-empirical AM1 method. 
Moreover, the research uses Gaussian 09 software to optimize all the parameters 
of the complexes [14]. 

Vibration frequency calculations help validate their geometric parameters. 
From an ideal structure, a “single point” calculation at the same level of theory 
offers the opportunity to perform the NBO calculation [15]. As in the amy-
lose-oryzenin complexes, the interactions considered are those established be-
tween osidic oxygen of amylopectin (by its subunits) and oryzenin-hydrogen. 
The numbering of the atoms is generated automatically by the GaussView06 
software. The electrostatic potential [16] [17] [18] [19] at the level of the B3LYP/ 
6-31+G(d, p) theory makes it possible to identify the HB donor or acceptor sites 
of oryzenin [2]. More, this article presents and discusses its results. 

3. Results and Discussion 

This section presents the results related to the interactions between the two po-
lysaccharides of the study and oryzenin. It specifies those linking to the NBO 
analysis. Table 1 and Table 2 present the stabilization energies E(2), the differences  
 
Table 1. Stabilization energy of second-order E(2) perturbations in the AMP3G-oryzenin 
complex. 

Interactions Transitions 
E(2) 

Kcal/mol 
E(i) - E(j) 

(a.u) 
F(i, j) (a.u) CT (me) 

oryzenin-H30…O49 

( )
36 69 77

1 *
Cl O -Hn σ→  3.08 0.9 0.049 5.93 
( )

36 69 77

2 *
Cl O -Hn σ→  2.17 0.8 0.039 4.75 
( )

36 69 77

4 *
Cl C -Hn σ→  51.82 0.71 0.172 117.37 
( )

49 29 30

1 *
O O -Hn σ→  3.74 1.02 0.055 5.82 
( )

49 29 30

2 *
O O -Hn σ→  8.46 0.82 0.075 16.73 
( )

69 26 28

1 *
O C -Hn σ→  3.94 1.01 0.056 6.15 
( )

69 26 28

1 *
O C -Hn σ→  1.24 0.73 0.027 2.74 

oryzenin-H30…O99 

( )
36 91 102

2 *
Cl O -Hn σ→  2.43 1.01 0.045 3.97 
( )

36 91 102

4 *
Cl O -Hn σ→  38.5 0.81 0.158 76.10 
( )

91 26 28

1 *
O C -Hn σ→  4.04 1.00 0.057 6.50 
( )

99 29 30

1 *
O C -Hn σ→  2.44 1.02 0.045 3.89 
( )

99 29 30

2 *
O C -Hn σ→  10.59 0.83 0.085 20.98 

N9-H10…O49 

( )
37 11 13

2 *
O C -Hn σ→  1.85 0.76 0.034 4.00 
( )

49 9 10

1 *
O N -Hn σ→  5.96 1.03 0.07 9.24 

N9-H10…O99 

( )
99 9 10

1 *
O N -Hn σ→  4.32 0.98 0.058 7.00 
( )

99 9 10

2 *
O N -Hn σ→  8.59 0.79 0.074 17.55 
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Table 2. Stabilization energy of second-order E(2) perturbations in the AMP4G-oryzenin 
complex. 

Interactions Transitions 
E(2) 

Kcal/mol 
E(i) - E(j) 

(a.u) 
F(i, j) 
(a.u) 

CT (me) 

Oryzenin-H30…O49 

( )
29 51 52

1 *
O N -Hn σ→  2.23 0.81 0.03 2.74 
( )

36 67 77

1 *
Cl C -Hn σ→  2.51 1.06 0.047 3.93 
( )

36 67 77

4 *
Cl C -Hn σ→  39.47 0.81 0.161 79.01 
( )

49 29 30

1 *
O O -Hn σ→  8.61 1.03 0.084 13.30 
( )

49 29 30

2 *
O O -Hn σ→  6.32 0.81 0.065 12.88 
( )

69 26 28

1 *
O C -Hn σ→  3.18 0.99 0.05 5.10 

Oryzenin-H30…O91 

( )
29 78 89

1 *
O C -Hn σ→  1.95 0.72 0.034 4.46 
( )

36 116 117

2 *
Cl O -Hn σ→  2.7 1.17 0.051 3.80 
( )

36 119 120

2 *
Cl O -Hn σ→  2.55 1.14 0.049 3.69 
( )

36 116 117

3 *
Cl O -Hn σ→  10.08 0.7 0.075 22.96 
( )

36 119 120

3 *
Cl O -Hn σ→  5.53 0.68 0.055 13.08 
( )

36 116 117

4 *
Cl O -Hn σ→  18.01 0.8 0.109 37.13 
( )

36 119 120

4 *
Cl O -Hn σ→  33.79 0.77 0.146 71.90 
( )

91 29 30

1 *
O O -Hn σ→  9.99 1.08 0.093 14.83 
( )

119 26 28

2 *
O C -Hn σ→  2.38 0.76 0.038 5.00 
( )
18 102 52

2 *
S C -Hn σ→  1.60 0.67 0.033 4.85 
( )

29 41 50

1 *
O C -Hn σ→  1.51 0.95 0.034 2.56 
( )

29 41 50

1 *
O C -Hn σ→  2.42 0.69 0.037 5.75 
( )

36 93 94

1 *
Cl O -Hn σ→  2.72 1.15 0.051 3.93 
( )

36 119 120

1 *
Cl O -Hn σ→  1.52 1.13 0.038 2.26 
( )

36 80 95

2 *
Cl C -Hn σ→  5.67 0.69 0.056 13.17 
( )

36 93 94

3 *
Cl C -Hn σ→  5.69 0.71 0.057 12.89 

Oryzenin H30…O99 

( )
18 102 52

2 *
S C -Hn σ→  1.60 0.67 0.033 4.85 
( )

29 41 50

1 *
O C -Hn σ→  1.51 0.95 0.034 2.56 
( )

29 41 50

1 *
O C -Hn σ→  2.42 0.69 0.037 5.75 
( )

36 93 94

1 *
Cl O -Hn σ→  2.72 1.15 0.051 3.93 
( )

36 119 120

1 *
Cl O -Hn σ→  1.52 1.13 0.038 2.26 
( )

36 80 95

2 *
Cl C -Hn σ→  5.67 0.69 0.056 13.17 
( )

36 93 94

3 *
Cl C -Hn σ→  5.69 0.71 0.057 12.89 
( )

36 96 97

3 *
Cl O -Hn σ→  1.88 0.75 0.034 4.11 
( )

36 119 120

3 *
Cl O -Hn σ→  8.52 0.69 0.069 20.00 
( )

36 93 94

4 *
Cl C -Hn σ→  20.82 0.81 0.117 41.73 
( )

36 119 120

4 *
Cl O -Hn σ→  21.81 0.79 0.118 44.62 
( )

54 19 22

1 *
O C -Hn σ→  2.78 1.04 0.048 4.26 
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Continued 

 

( )
54 23 25

2 *
O C -Hn σ→  3.26 0.8 0.046 6.6 
( )

99 29 30

1 *
O O -Hn σ→  10.14 0.99 0.09 16.53 
( )

99 29 30

2 *
O O -Hn σ→  3.38 0.86 0.048 6.23 

N9H10…O49 

( )
49 9 10

1 *
O N -Hn σ→  1.67 1.00 0.037 2.74 
( )

49 9 10

2 *
O N -Hn σ→  5.33 0.76 0.057 11.25 
( )

74 11 13

3 *
O C -Hn σ→  2.87 0.78 0.042 5.80 

N9-H10…O91 

( )
36 51 52

1 *
Cl O -Hn σ→  1.93 1.16 0.043 2.75 
( )

36 54 123

1 *
Cl O -Hn σ→  2.39 1.13 0.048 3.61 
( )

36 51 52

2 *
Cl O -Hn σ→  2.82 0.7 0.04 6.53 
( )

36 54 123

2 *
Cl O -Hn σ→  1.57 0.67 0.029 3.75 
( )

36 51 52

3 *
Cl O -Hn σ→  8.09 0.69 0.067 18.86 
( )

36 54 123

3 *
Cl O -Hn σ→  3.09 0.66 0.041 7.72 
( )

36 51 52

4 *
Cl O -Hn σ→  17.94 0.81 0.109 36.22 
( )

36 54 123

4 *
Cl O -Hn σ→  28.98 0.78 0.135 59.91 
( )

54 4 8

1 *
O C -Hn σ→  5.59 0.77 0.059 11.74 
( )

91 9 10

1 *
O N -Hn σ→  4.99 1.04 0.064 7.57 
( )

119 11 13

1 *
O C -Hn σ→  1.58 1.08 0.037 2.35 

N9-H10…O99 

( )
42 9 10

1 *
O N -Hn σ→  1.54 1.01 0.035 2.40 
( )

99 9 10

1 *
O N -Hn σ→  7.24 1.02 0.077 11.40 
( )

99 9 10

2 *
O N -Hn σ→  1.83 0.75 0.033 3.87 

 
between the energies of NBO electron donors (i) and NBO electron acceptor (j). 
They also show the elements F(i, j) of the Fock matrix and the CT. The model of 
the latter, constructed by Reed and al [11], makes it possible to describe the in-
teractions in the AMP3G-oryzenin and AMP4G-oryzenin complexes. 

3.1. NBO Analysis of the Amylopectin (AMP3G/AMP4G)-Oryzenin  
Complexes 

The NBO analysis presents the results for which the stabilization energies are 
greater than 1.5 kcal·mol−1. CT are correlated with these quantities. The relative 
positions of the interacting elements influence them. In the AMP3G-oryzenin 
complex, for the oryzenin-H30…O49 and oryzenin-H30…O99 interactions, the 
most important contributions to equilibrium result from the transfer of free 
chlorine pairs from oryzenin. They correspond to the transitions:  
− For the interaction oryzenin-H30…O49: 
● ( )

69 7736

4 *
C -HCln σ→  with E(2) = 51.82 kcal·mol−1 and CT = 117.37 me  

− For oryzenin-H30…O99: 
● ( )

91 10236

4 *
O -HCln σ→  with E(2) = 38.5 kcal·mol−1 and CT = 76.10 me.  

A secondary stabilization exists; it’s based on the following transitions: 
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− For oryzenin-H30…O49, 
● ( )

29 3049

2 *
O -HOn σ→  with E(2) = 8.46 kcal·mol−1 and CT = 16.73 me  

− For oryzenin-H30…O99, 
● ( )

29 3099

2 *
O -HOn σ→  with E (2) = 10.59 kcal·mol−1 and CT = 20.98 me 

The CT of 20.98 suggests to me that the strong HB in AMP3G-oryzenin 
comes from the oryzenin-H30…O99 interaction. For those with the N9H10 of ory-
zenin, no CT is observed with chlorine. Its position prohibits it within the com-
plexes. The most important transfers are those concerning O49 and N9-H10 bonds. 
They’re 
− For the interaction N9-H10…O49, 
● ( )

9 1049

1 *
N -HOn σ→  with E(2) = 5.96 kcal·mol−1 and CT = 9.24 me  

− For the interaction N9-H10…O99, 
● ( )

9 1099

1 *
N -HOn σ→  with E(2) = 8.59 kcal·mol−1 and CT = 17.55 me.  

In the case of the AMP4G-oryzenin complex, the strongest stabilization comes 
from free chlorine pairs: 
− For the interaction oryzenin-H30…O49, 
● ( )

69 7736

4 *
C -HCln σ→  with E(2) = 39.47 kcal·mol−1 and CT = 79.01 me 

− For the interaction oryzenin-H30…O91,  
● ( )

119 12036

4 *
O -HCln σ→  transition with E(2) = 33.79 kcal·mol−1 CT = 71.90 me  

− For oryzenin-H30…O99, two transitions of chlorine bring the strongest stabi-
lization. It’s about:  

● ( )
93 9436

4 *
C -HCln σ→  with E(2) = 20.82 kcal·mol−1 and CT = 41.73 me 

● ( )
119 12036

4 *
O -HCln σ→  with E(2) = 21.81 kcal·mol−1 and CT = 44.62 me 

Besides, the stabilization brought mainly by chlorine, there’s a secondary one.  
This result from transitions: 

− For oryzenin-H30…O49, 
● ( )

29 3049

1 *
O -HOn σ→  with E(2) = 8.61 kcal·mol−1 and CT = 13.30 me 

● ( )
29 3049

2 *
O -HOn σ→  with E(2) = 6.32 kcal·mol−1 and CT = 12.88 me  

− For oryzenin-H30…O91, 
● ( )

29 3091

1 *
O -HOn σ→  with E(2) = 9.99 kcal·mol−1 and CT = 14.83 me.  

− For oryzenin-H30…O99, 
● ( )

29 3091

1 *
O -HOn σ→  with E(2) = 10.14 kcal·mol−1 and CT = 16.53 me.  

Oxygen O99 participates more in CT. The corresponding value is 16. This 
proves that the stabilization is maximum for the transition which concerns it. 
Under these conditions, the oryzenin H30…O99 interaction becomes the most 
probable. Regarding N9H10…O49, no stabilization comes from chlorine. CT re-
sults from transition: 
● ( )

9 1049

2 *
N -HOn σ→  with E(2) = 5.33 kcal·mol−1 and CT = 11.25 me. 

− For N9H10…O91, two transitions from the chlorine atom provide the solidest 
stabilization. They are 

● ( )
54 12336

4 *
O -HCln σ→  with E(2) = 28.98 kcal·mol−1 and CT = 59.91 me 

● ( )
51 5236

4 *
O -HCln σ→  with E(2) = 17.94 kcal·mol−1 and CT = 36.22 me 

− For the interaction N9-H10…O99:  
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● ( )
9 1099

1 *
N -HOn σ→  with E(2) = 7.24 kcal·mol−1 and CT = 11.40 me. 

HB is strong with the oryzenin-H30 probe associated with O99 in the AMP3G 
and in AMP4G complexes. This interaction results from the lone chlorine pairs 
of oryzenin. It initiates the transformation of amylopectin at its branching level. 
The research exploits this result to construct the ideal complexes. It uses it to 
model the interactions between oryzenin and AMP4G or AMP3G. In previous 
research [2], the electrostatic potential of molecular interaction sites indicated 
that the oryzenin H30 and H10 constitute the highest potential VS,max. This work 
appropriates this result to study AMP3G. 

3.2. Interaction AMP3G-Oryzenine 

These atoms illustrate the hydrogen donor potential of the oryzenin. The geo-
metrical, energetic, spectroscopic parameters and the NBO analysis relate to the 
interactions involving this hydrogen. Figure 1 shows the geometries of the op-
timized complexes. A red ball represents an oxygen atom. A big white corres-
ponds to a carbon. A small one schematizes hydrogen. 
 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Figure 1. 3D structures of optimized AMP4G-oryzenin. (a) Interaction N9H10…O49; (b) 
Interaction N9H10…O99; (c) Interaction N9H10…O99; (d) Interaction oryzenin-H30…O99. 
 

Table 3 shows the geometric parameters. It presents the distance d, the angles 
of linearity α and of direction β associated with HB. The distance d varies from 
1.92 Å to 2.17 Å [20]. It characterizes HB. They’re less than 2.62 Å [21] [22]; this 
value defines the Vander Waals sum radii of the hydrogen and oxygen atoms 
[23] [24]. Oryzenin-H30…O49, oryzenin-H30…O99 and N9H10…O99 respect the 
condition for HB [24]. On the other hand, the α and β associated with the 
N9H10…O49 interaction deviate from the ideal values. These geometrical para-
meters establish that oryzenin-H30…O99 is the strongest HB.  

Table 4 shows the variations of the enthalpy, the entropy and the free enthal-
py of reaction linked to the interactions between AMP3G and oryzenin. Those 
relating to the enthalpies of reaction are all negative. They fluctuate between 
−2.730 kcal·mol−1 and −20.175 kcal·mol−1. These values suggest that all reactions 
are exothermic. Those associated with the oryzenin-H30…O99 interaction represent 
the weakest. 

This interaction corresponds to the most stable. Its free enthalpy of reaction 
(∆rG = −5.30 kcal·mol−1) indicates that its formation is spontaneous. The other 
interactions (N9H10…O49 and N9H10…O99) are exothermic but not spontaneous 
(∆rG > 0). Figure 2 shows free enthalpies of reaction changes associated with 
AM3G-oryzenin and AMP3G-oryzenin complexes. It illustrates that the others 
(N9H10…O49 and N9H10…O99) aren’t spontaneous (ArG > 0). 

These results suggest the degradation modality of amylopectin; this process 
begins with the establishment of HB oryzenin-H30…O99. It breaks the osidic 
bridges of the ramification. It leads to the formation of amyloidosis. Its produc-
tion linked to this process and its natural disappearance [2] occurs concomi-
tantly. They explain the slow decrease in its rate presence in the starch during 
the aging of the rice. Furthermore, spectroscopic parameters precise this finding. 
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Table 3. Geometric parameters of the AMP3G-oryzenine complex at ONIOM (B3LYP/ 
6-31+G(d, p): AM1). 

HB AMP3G-oryzenin d (Å) α (˚) β (˚) 

oryzenin-H30…O49 1.93 172.3 104.2 

oryzenin-H30…O99 1.92 177.0 109.1 

N9-H10…O49 2.17 162.6 116.1 

N9-H10…O99 1.99 172.7 108.9 

 
Table 4. Energetic parameters of AMP3G-oryzenine complex at ONIOM (B3LYP/6-31+ 
G(d, p): AM1). 

HB AMP3G-oryzenin ∆rH (kcal·mol−1) ∆rS (kcal·K−1·mol−1) ∆rG (kcal·mol−1) 

oryzenin-H30…O49 −19.126 −0.046 −5.342 

oryzenin-H30…O99 −20.175 −0.050 −5.300 

N9-H10…O49 −2.730 −0.039 9.362 

N9-H10…O99 −4.865 −0.041 6.811 

 

 
Figure 2. Free enthalpies of reaction changes associated with AM3G-oryzenine and AMP3G-oryzenin 
complex. 

 
Table 5 outlines the O-H and N-H stretching frequency shift of free and com-

plex oryzenin. It presents their differences. These reach 281 cm−1 for oryzenin- 
H30…O99 interaction and 236 cm−1 for oryzenin-H30…O49. Those of the N-H 
bonds remain lower than them. They only attain 126 cm−1 for HB N9-H10…O49. 
Important variation in vibrational frequencies reflects the strong oxygen attrac-
tion of the O99 osidic bridge around H30. It’s greater for the O-H bond; it reaches 
281 cm−1 for oryzenin-H30…O99. It reveals that H30 exerts its strongest attraction 
on oxygen O99 of the amylopectin branching osidic bridge. The latter breaks. 
This rupture leads to linear chains of α-D-glucose or amyloidosis. This result 
suggests that the degradation of amylopectin is easier than that of amylose.  
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Table 5. Elongation frequencies and its variations (cm−1) associated with O-H and N-H of free and complex oryzenin in the 
AMP4G-oryzenin interaction. 

HB AMP3G-oryzenin 
Free oryzenin Complex oryzenin 

Variations 
∆υfree-∆υcomplex 

∆υ (AM3G-oryzenin)- 
∆υ (AMP3G-oryzenin) 

O-H N-H O-H N-H O-H N-H O-H N-H 

Oryzenin-H30…O49 3839  3603  236  75  

Oryzenin-H30…O99 3839  3558  281  120  

N9-H10…O49  3591  3465  126  19 

N9-H10…O99  3591  3375  216  109 

 
The rupture of its osidic bridge conducts to the formation of this starch latter 

component. This result refutes the conclusions of [3]. Its authors conjecture that 
the storage of rice favours the fall in the proportion of amylose in the starch; they 
affirm that an increase in that of amylopectin in the same proportion simulta-
neously. Thus, degradation of rice starch changes the amylose-amylopectin ratio. 
This result corroborates the observations of Cao and al [25] regarding the varia-
tion over time of this latter. The first degradation of amylopectin also supports 
the conclusions drawn from the analysis of geometric, energetic, and spectros-
copy. Moreover, this research concerns the AMP4G-oryzenin complex. 

3.3. Interaction AMP4G-Oryzenin 

This section presents and discusses the results related to the geometrical, ener-
getic, spectroscopic parameters and NBO analysis of the AMP4G-oryzenin com-
plexes. The optimized geometries (Figure 3) show three osidic bridges (O49, O91, 
O99) of the four α-D-glucose “synthons” representing the portion of amylopectin 
interacting with the two main oryzenin interaction sites (oryzenin-H30 and 
N9-H10). The distance d materialized by a dotted line in each complex indicates 
the interaction between the two sites. The geometrical parameters allow identi-
fying it. 

Table 6 shows the geometric parameters (d, α, β) of the interactions characte-
rizing HB in the AMP4G-oryzenin complex. Its data agree with those established 
by Desiraju and al [22]. They indicate that the oryzenin-H30…O49 and oryze-
nin-H30…O91 interactions lead to strong HB; their distances d are very close 
(1.93 Å; 1.94 Å).  

The environment around the HB influences the angular parameters. The li-
nearity angle α of the oryzenin-H30…O91 interaction equals 170.8˚. It reaches 
172.4˚ for oryzenin-H30…O49. The angles α deviate from their ideal values, 180˚. 
β, associated oryzenin-H30…O49 interaction, is 5.1˚ lower than the expected 
109.9˚. The β angle of the oryzenin-H30…O99 interaction exceeds it by 0.6. It’s at 
the upper limit of the interval of Desiraju and al [22]. These two angles β are 
different from 109.9˚. Analysis of the three geometric parameters suggests that 
HB H30…O91 is the most stable of the AMP4G-oryzenin complex.  
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(e) 

 
(f) 

Figure 3. 3D structures of optimized AMP4G-oryzenin. (a) oryzenin-H30…O49 interaction; 
(b) oryzenin-N9H10…O49 interaction; (c) oryzenin-H30…O91 interaction; (d) Oryzenin 
N9H10…O91 interaction; (e) oryzenin-H30…O99 interaction; (f) Interaction N9H10…O99. 

 
Table 6. Geometrical parameters of the AMP4G-oryzenin complex at ONIOM (B3LYP/ 
6-31+G(d, p): AM1). 

HB AMP4G-oryzenin d (Å) α (˚) β (˚) 

Oryzenin-H30 

O49 1.93 172.4 104.4 

O91 1.94 170.8 110.1 

O99 1.89 160.6 119.5 

N9-H10 

O49 2.16 161.6 107.6 

O91 2.18 159.7 98.3 

O99 2.07 161.1 121.1 

 
Its distance d respects the criterion of Desiraju and al [22]. Its angle α and β 

remain close to their ideal values. These parameters lead to the conclusion that 
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the AMP4G degradation begins in O91 locate on osidic bridge position α (1, 6). 
Table 7 compiles the variation of the enthalpies, entropy, and free enthalpies 

for AMP4G-oryzenin interactions. The variations of the enthalpies are all nega-
tive. They appear between −3.525 kcal·mol−1 and −27.968 kcal·mol−1; The HB 
formation is exothermic. The ∆rH also suggest that the interactions created by 
oryzenin-H30 and N9H10 are all stable. The lowest ∆rH corresponds to the inte-
raction oryzenin-H30…O99 (∆rH = −27.968 kcal·mol−1).  

The negative ∆rG values with oryzenin-H30 show that the interactions oryze-
nin-H30…O49, oryzenin-H30…O91 and oryzenin-H30…O99 are spontaneous while 
those established with N9H10 aren’t. ∆rG coincides with the bottommost value 
(∆rG = −9.719 kcal·mol−1) for the interaction oryzenin-H30…O99. This latter is 
the strongest HB and the most spontaneous. The HB with O49 and O91 aren’t 
negligible. These results indicate that the O99 site is the most favourable for HB 
formation. This suggests that AMP4G degrade primarily from this site.  

Table 8 shows the υ(O-H) and υ(N-H) stretching frequencies of free and as-
sociated oryzenin. The stretch frequency changes are all positive. The strengths 
of HB linked with them decrease in the order O99, O91 and O49 for AMP4G. They 
correspond to the most stable interactions between AMP4G and oryzenin-H30; 
the most important variation is those related to the oryzenin-H30…O99 interac-
tion of 261 cm−1. It proves that the latter is the strongest of this group.  

The O99 site is the most favourable for the formation of HB. This suggests that 
AMP4G mostly breaks down from there. Its deterioration begins with this osidic 
bridge in position α (1.6). The rupture of the latter promotes the formation of 
linear α-D-glucose chains; it leads to amyloidosis. These consist of tetra saccha-
rides. They degrade according to the mechanism described by [2]. Then, this 
work elucidates the mechanism of starch degradation following the appearance 
of amyloidosis.  

Figure 4 shows the free enthalpy changes associated with interactions between 
O29H30 or N9H10 and the appropriate proton acceptor sites of AM4G and AMP4G. 
Its data reveal that all variations linked to AM4G and AMP4G are negative for 
the O29H30 probe. The modifications related to the interactions between N9H10 
and AM4G are also. The formation of HB following oryzenin-O29H30-AMP4G or  
 
Table 7. Energetic parameters of AMP4G-oryzenin complexes at ONIOM (B3LYP/6-31+ 
G(d, p): AM1). 

AMP4G-ORY 
HB with osidic bridges 

∆rH 
(kcal·mol−1) 

∆rS 
(kcal·K−1·mol−1) 

∆rG 
(kcal·mol−1) 

oryzenin-H30 

O49 −18.997 −0.046 −5.273 

O91 −19.997 −0.059 −2.418 

O99 −27.968 −0.061 −9.719 

N9-H10 
O49 −3.525 −0.038 7.702 

O91 −17.394 −0.062 0.998 

O99 −9.896 −0.047 4.016 
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Table 8. Elongation frequencies and changes in O-H and N-H elongation frequencies (cm−1) free and complex oryzenin from 
AMP4G-oryzenin interactions. 

HB AMP4G-oryzenin 
∆υFree oryzenin ∆υComplex oryzenin ∆υfree-∆υcomp ∆υ AM4G-∆υAMP 4G 

O-H N-H O-H N-H O-H N-H O-H N-H 

Oryzenin-H30…O49 3839  3600  239  
O(1) −48 

 
O(2) −11 

Oryzenin-H30…O91 3839  3582  257  
O(1) −30 

 
O(2) 7 

oryzenin-H30…O99 3839  3578  261  
O(1) −26  

O(2) 11  

N9-H10…O49  3591  3439  152  
O(1) 70 

O(2) −60 

N9-H10…O91  3591  3449  142  
O(1) 60 

O(2) −71 

N9-H10…O99  3591  3394  197  
O(1) 115 

O(2) −16 

 

 
Figure 4. AM4G-oryzenin and AMP4G-oryzenin free enthalpy variations.  

 
oryzenin-N9H10-AM4G interactions correspond to spontaneous processes for the 
osidic bridges O49, O91, O99 polysaccharides. On the other hand, the positive val-
ues associated with the free enthalpy demonstrate that the interactions of oryze-
nin-N9H10-AMP4G aren’t. This energetic component hardly sheds light on the 
complete mechanism underlying the degradation of AMP4G. 

The interactions between two polysaccharides with O29H30 lead spontaneously 
to the formation of HB with each osidic bridge O49, O91. O99. In other words, 
their thermodynamic similarity doesn’t make it possible to detect the second 
stage of the AMP4G disintegration during its progressive transformation into 
AM4G. This limit justifies the choice of spectroscopy. This can explain degrada-
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tion order of the two saccharides in this phase deterioration; the local nature of 
the phenomenon pleads for this approach.  

For the same oryzenin-H30 probe, the two oxygen osidic bridges O(1) and 
O(2) possible for the oryzenin-H30…O91 interaction, the difference in frequency 
between the free and associated forms is 257 cm−1. Moreover, that between 
AM4G and AMP4G is −30 cm−1 for O(1) and +7 cm−1 around O(2) as the recep-
tor site. The frequency variation is greater for amylopectin near O(1) compared 
to amyloidosis. It reflects a stronger attraction of oxygen from the osidic bridge 
oxygen O91 towards H30. It breaks the latter more easily.  

The degradation of amylopectin into amylose is carried out continuously when 
the first interact with O91. The same reasoning leads to similar conclusions with 
O99 and O49. In the latter case, the transformation of AMP4G takes place around 
O(1) mainly; a smaller proportion comes from its O(2). Furthermore, this re-
search extends to NBO analysis of the AMP4G-oryzenin and AMP3G-oryzenin 
complexes. 

4. Conclusions  

This work aims to clarify the chemical processes underlying the degradation of 
amylopectin with oryzenin. It exploits resources from quantum chemistry as a 
method. It uses NBO analysis and calculates the geometric, energetic, and spec-
troscopic parameters of the AMP3G-oryzenin and AMP4G-oryzenin complexes. 
It employs the ONIOM [DFT/B3LYP/6-31+G(d, p): AM1]. This method makes 
it possible to suggest a mechanism to explain the degradation of amylopectin by 
oryzenin. This latter establishes HB through H30 or H10. 

This work locates the presence of HB near the oxygen of AMP3G or AMP4G 
situated at α (1, 6) on the osidic bridge O99. The latter coincides with their 
branching points. HB results from the strong attraction of oxygen O99 to H30. It 
causes the rupture of this bridge. It leads to the formation of amyloid. On the 
other hand, the frequency variation is greater for amylopectin around O(1); it 
exceeds that associated with the interaction with amyloidosis near O(2). This 
difference reflects a stronger attraction of oxygen O99, O91 or O49 towards H30. It 
suggests that the degradation of amylopectin is easier than that of amylose. So, 
these forces readily break the branching of amylopectin. Its degradation into 
amyloid becomes continuous. The latter deteriorates gradually according to the 
mechanism described by [2]; its products are monosaccharides and disaccha-
rides during rice aging or storage. This finding contributes to the debate on rice 
starch degradation; it refutes the conclusions of [3].  

According to [3], the storage of rice promotes a reduction in the proportion of 
amylose in the starch; it causes an equivalent increase in that of amylopectin. On 
the other hand, the observations of Cao et al. [25] confirm the findings of this 
research. These authors state that amylopectin is degraded before amyloidosis. 
Moreover, research reinforces the team’s findings [2]. It specifies that the dete-
rioration of rice starch begins with that of its amylopectin. Therefore, it explains 
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the origin of disaccharides and monosaccharides during the aging of rice. Their 
presence is linked to two types of amyloidosis. Some of it comes from the conti-
nual breakdown of amylopectin. The other relates to amyloid, a constituent of 
starch. Moreover, the article highlights the main difference between amylopectin 
and amyloid regarding action of oryzenin. 

The attraction of oxygen from the saccharide bridge by H30 differs between 
amylopectin-oryzenin and amyloid-oryzenin. The O-H stretching frequency 
difference associated with it exceeds that of the second complex. Simply, the at-
traction of the oryzenin’s H30 for amylopectin’s oxygen on the osidic bridge re-
mains higher than that observed for amyloid. This result constitutes further evi-
dence that amylopectin degrades before amyloid in rice starch.  
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