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Abstract
Carboxymethyl sago starch (CMSS) hydrogel was prepared by dissolving CMSS in hydrochloric acid (HCl) solution under vigorous stirring to form a gel. The parameter studied were the effect of the percentage of CMSS, the concentration of the acid solution, reaction time and reaction temperature to identify the optimum condition of preparation of CMSS hydrogel. 60% of CMSS in 2.0M acid solution for 12 hours reaction time at room temperature were the optimum conditions for CMSS hydrogel. The hydrogel was characterized by using Fourier transform infrared (FT-IR), thermogravimetric analysis (TGA) and scanning electron microscopy (SEM). FTIR spectrum of CMSS showed an additional absorption band indicating the substitution of CH2COO-Na+ group on the starch molecular chain during carboxymethylation, while the spectrum of CMSS hydrogel showed an additional sharp absorption band indicating that the Na in CMSS being exchanged to H from HCl solution. SEM image of CMSS hydrogel showed pores in structure and connected to form networks. TGA curve showed that the maximum rate of thermal decomposition of CMSS hydrogel was higher than CMSS which could be due to the presence of the cross-linkages in the CMSS hydrogel. CMSS hydrogel gave a high swelling degree in PBS solution at pH 7 and a low swelling degree in acidic medium.
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Abstrak
Hidrogel karboksimetil kanji sagu (CMSS) telah disediakan dengan melarutkan CMSS dalam larutan asid hidroklorik (HCl) di bawah pengadukan kuat untuk membentuk hidrogel. Parameter yang dikaji untuk mengoptimumkan penyediaan hidrogel CMSS, antaranya termasuklah kesan peratusan CMSS, kepekatan larutan asid, masa dan suhu tindak balas. 60% CMSS dalam larutan asid 2.0M dengan masa tindak balas 12 jam pada suhu bilik merupakan keadaan optimum untuk penyediaan hidrogel CMSS. Hidrogel dicirikan dengan menggunakan spektrometer infra-merah Fourier (FT-IR), analisis termogravimetrik (TGA) dan pengimbasan mikroskop elektron (SEM). Spektrum FTIR menunjukkan jalur penyerapan tambahan yang menunjukkan penggantian kumpulan CH2COO- Na+ pada rantai molekul kanji semasa tindak balas karboksimetilasi, manakala spektrum hidrogel CMSS menunjukkan tambahan jalur penyerapan tajam yang menunjukkan bahawa Na dalam molekul CMSS ditukar kepada H dari larutan HCl. Imej SEM dari hidrogel CMSS menunjukkan liang-liang dalam struktur dan saling berhubungan untuk membentuk rangkaian. Lengkung analisis TGA menunjukkan bahawa kadar penguraian haba maksimum hidrogel CMSS lebih tinggi daripada CMSS pada 330.22 ºC dengan 60.22% penurunan berat utama. Ini mungkin disebabkan oleh adanya rangkai silang dalam hidrogel CMSS. Hidrogel CMSS memberikan tahap pengembangan yang tinggi dalam larutan PBS pada pH 7 dan tahap pengembangan yang rendah dalam medium berasid.

Kata kunci:  hidrogel, karboksimetil kanji sagu, rangkai silang, pencirian, pengembangan



Introduction
Polysaccharides are polymeric carbohydrate molecules that can be subjected to a wide range of chemical and enzymatic reactions. They have biocompatible and biodegradable properties with low immunogenicity. Polysaccharides can be easily obtained and found in a living organism [1]. Examples of polysaccharides are starch, alginate, cellulose, hemicellulose which originate from plants. Sago starch which is isolated from sago palm is called Metroxylon sagu that can be found abundantly in marshy areas mostly in Sarawak state in Malaysia [2]. It has outstanding biological properties such as biocompatibility, biodegradable, and nontoxicity. However, in some applications, the usage of starch is confined due to deficiency in its solubility and has a tendency to retrograde. Retrogradation is a non-reversible process that occurs when cooked starch solutions are cooled and molecular interaction between amylose as well as other glucose units abound to form a double helix, resulting in the formation of colloidal crystallites [3]. 

Chemical modification is introduced to overcome the inherent defects and gain innovation in the utilization of starch. It involves the introduction of various functional groups into a starch structure including cationic and anionic group [4]. Sago starch undergoes the carboxymethylation process to produce carboxymethyl sago starch that has a variety of promising properties like high solubility, thermal stability, ion activity, and higher reaction efficiency [5].

Hydrogels are polymer networks that are able to absorb and retain a huge amount of water due to the presence of its hydrophilic group. The term “network” is implied indicating that cross-links must present for the prevention of the dissolution of the polymer chain before use [6]. Hydrogel has gained considerable attention in recent years due to its unique properties as a biocompatible smart material, which can be designed to achieve desirable properties [7]. It is widely used in various applications such as agriculture, wastewater treatment, food packaging, cosmetic, biotechnology, pharmaceutical, and biomedical including drug delivery applications [8, 9]. Carboxymethyl sago starch hydrogel can be prepared via a cross-linking technique. Crosslinking is a process of forming a network, where the polymers are linked together either by ionic and covalent bonds, van der Waals interaction, hydrogen bonding or physical entanglements [10]. Crosslinking can involve the exchange of sodium with a hydrogen ion, namely hydrogen bond formation. It is a rapid process but proceeds gradually with time [11].
  
This paper aims to prepare and characterize carboxymethyl sago starch hydrogel and study its swelling behavior. The finding may lead to potential drug and vaccine carriers in future studies. Currently, the use of biopolymers in drug delivery and vaccination has gained huge attention since these polymers can provide better materials due to its compatibility, degradation behavior and non-toxic administration [12].

Materials and Methods
Materials 
Carboxymethyl Sago Starch (D.S 0.75) was prepared at Nuclear Malaysia Laboratory, Bangi Selangor. Sago starch was supplied by Song Ngeng Sago Ind. Sibu Sarawak. The CMSS had been synthesized and purified as described in Zainuddin [13]. The degree of substitution was determined as mentioned in Othman et al. [14]. Sodium monochloroacetate (SMCA) was purchased from Sigma-Aldrich. Phosphate buﬀer saline (PBS), phenolphthalein, diphenylamine reagent, sodium chloride, sodium hydroxide, acetic acid, solvents such as isopropanol, methanol (99%) and absolute ethanol were purchased from R & M Chemicals. Hydrochloric acid (HCl) (Fuming 37%) was purchased from Fisher Chemicals. All chemical reagents were of analytical grade. Deionized and distilled water were used throughout the experiment.

Preparation of CMSS hydrogel
CMSS hydrogel was prepared by dissolving the CMSS in HCl solution under vigorous stirring and left in a petri dish to allow the crosslinking process to complete. CMSS hydrogel was put into a tea bag and immersed in deionized water at room temperature to remove uncross-linked CMSS that were dissolved and extracted into the water. CMSS was also put in a tea bag and immersed in water as a control sample. The successful cross-linked hydrogel was kept inside the tea bag which was then collected out from the deionized water and oven-dried at 60 ºC to achieve constant weight. The effect of the percentage of CMSS (40-80% w/v), HCl concentration (0.5-2.5 M), reaction time (12-72 hours) and reaction temperature (RT-70 ºC) were studied to obtain the optimum condition in which one variable at a time was used. The optimum condition of the CMSS hydrogel was determined based on its gel content.

Gel Content and Swelling of CMSS Hydrogel
The measurement of gel content was carried out in deionized water at room temperature. The insoluble part of the CMSS hydrogel after immersion was measured to estimate the content of the hydrogel. The swollen sample after immersion indicates the degree of swelling ability. Samples were removed from the water after immersion and weighed, then dried at 60ºC until a constant weight was achieved. Percentage of gel content was calculated by the following equation:

							         (1)

where W1 is the initial weight of the hydrogel before immersion and W2 is the weight of the dried insoluble part of hydrogel after immersion. 

Swelling studies in different media
A completely dried CMSS hydrogel was weighed and immersed in 150 mL deionized water at room temperature for 48 hours. And then, the CMSS hydrogel was removed, weighed and dried. The degree of swelling was calculated by the following equation:
 
 								         (2)

where Ws is the weight of swollen hydrogel and Wd is the initial weight of xerogel. The swelling studies were investigated by using different immersion media such as buffer solution at different pH levels, pH (4, 7, and 10), salt solution (NaCl), 1.0 M of HCl and NaOH solution. Data presented in this study were the mean values of triplicate measurements (n=3).

Characterization of CMSS hydrogel
The structures of sago, CMSS, and CMSS hydrogel were identified by FTIR analysis using a spectrometer (100 Series Perkin Elmer) with universal Attenuated Total Reflectance (UTAR) technique. All samples were analyzed in powder form, irradiated with infrared in the range of 4000-280 cm-1. The thermal stability of sago, CMSS, and CMSS hydrogel was examined using TGA (Perkin Elmer TGA7). The samples were heated from 35 to 600 ºC with a rate of 5 ºC/min in the flow of inert nitrogen gas. The morphology of hydrogel was studied using scanning electron microscopy (FEI, Quanta 400). The hydrogel sample was soaked in 500 mL deionized water and then was freeze-dried to remove the water molecule. All samples were mounted on metal stubs and sputter-coated with gold.

Results and Discussion
Preparation of CMSS hydrogel:
The effect of percentage of CMSS
Figure 1 shows the percentage of gel content and degree of swelling of a various percentage of CMSS from 40 to 80% (w/v) in 1.0 M HCl solution. The percentage of gel content increased gradually with the increasing amount of CMSS from 40 to 60%. This indicates that by increasing amounts of CMSS, it provides more crosslinking points thus increasing the gel content. However, when it got higher than 60% (w/v), the gel content started to decrease slightly. The formation of the crosslinked CMSS hydrogel with an acid solution may reach its optimum at 60% (w/v) CMSS. In this experiment, the amount of HCl was fixed for all concentrations of CMSS. Therefore, when the percentage of CMSS was higher than 60% (w/v), there was a possibility that the amount of H+ in the reaction was not sufficient to promote the crosslinking process through the formation of hydrogen bonding as the same volume of HCl was used. Thus, the gel content did not significantly increase when more than 60% (w/v) of CMSS was used. 

Meanwhile, the degree of swelling is inversely proportional to the percentage of gel content. Increase in gel content caused a decrease in swelling capability. It may be due to the degree of crosslinking which affected the water uptake [15]. Higher CMSS concentration produced more crosslinked points in polymeric chains thus increasing crosslinking network which resulted in less swelling when it was brought in water. An increased crosslinking network led to the formation of a tighter network. This caused difficulty for water to permeate and reduced the amount of water being trapped inside the hydrogel network thus resulted in a low degree of swelling [13, 15]. The highest gel content (62.05%) was obtained from 60% (w/v) of CMSS, which was chosen throughout the experiment to prepare hydrogel as a sorbent.


Figure 1. 	Effect of percentage amount of CMSS in 1.0M HCl on gel content and swelling of CMSS hydrogel at room temperature for 24 hours of reaction time

The effect of HCl concentration
The effect of different concentrations (0.5 to 2.5 M) of HCl solution on gel content and degree of swelling of CMSS hydrogel is shown in Figure 2. The percentage of gel content increased as the concentration of HCl increased. Similar results have been reported by Takigami et al. [11] where the number of crosslinks increased with the increase of acid concentration. However, the graph shows a slight decrease in gel content at 2.5 M that might be due to acid hydrolysis of the linkage at a high concentration of an acid solution. From the data obtained, 2.0 M of HCl gave the highest gel content and had been chosen as a suitable concentration of HCl in preparing the hydrogel in the next parameter. The swelling capability of CMSS hydrogel as expected, decreased as the concentration of the HCl increased. With the increase of the gel fraction, water absorption decreased significantly depending on the acid concentration [11]. A high swelling degree of hydrogel with 0.5M HCl indicates that it has high ability to absorb water. 















Figure 2.  Effect of HCl concentration on gel content and swelling of 60% CMSS hydrogel at room temperature for 24 hours of reaction time
Pushpamalar et al. [16] reported in her study that hydrogels that are relatively weak and consist of a low number of intermolecular bonds can expand by absorbing water and holding it in their void. As the intermolecular bonds and the crosslink density increased, hydrogel becomes tightly packed, lessening the ability of the hydrogel to absorb water. This led to a decrease in the swelling degree of hydrogel with a high concentration of HCl. A similar finding was reported by Sadeghi et al. [17] which stated that higher crosslinker concentration diminished the free space between the polymer chain and subsequently resulted in highly crosslinked rigid structure that cannot be extended and held a vast amount of water.

The effect of reaction time
The third parameter investigated was the effect of reaction time from 12 to 72 hours. From the preliminary study, no gel was formed when the reaction time was less than 12 hours for a low concentration of CMSS.  Figure 3 shows that there is no significant difference in gel content of CMSS hydrogel at 12, 24 and 36 hours, and it decreased slightly at 48 and 72 hours reaction time. A possible explanation may be the fact that the prolongation of the reaction time does not affect the gel content as the crosslinking process already achieved the maximum value in a short period. Although 36 hours reaction time gave 71.37% of gel content, 12 hours reaction time is preferable to avoid a waste of time. Usually, swelling capability decreases as the gel content of the hydrogel increases. However, in this parameter, the swelling capability decreased with the increased reaction time although the gel content did not show significant increment. As the reaction time increased, the structure of the hydrogel became stronger and denser. Prolong the reaction time could increase the crosslink density and caused the decreasing swelling capability of the hydrogel [18]. Kabiri et al. [19, 20] mentioned in their studies that there is a possibility of the additional linkage that increased the crosslink density, which resulted in reducing swelling capacity.
















Figure 3. 	Effect of reaction time on gel content and swelling of 60% CMSS hydrogel in 2.0M HCl at room temperature

The effect of reaction temperature
The effect of the reaction temperature of 60% CMSS in 2.0M HCl at 12 hours of reaction time was examined from room temperature (24 ºC) to 70 ºC. Figure 4 shows a slight change in gel content as the temperature increased. This could be due to the degree of crosslinking of hydrogel decreased due to acid hydrolysis of CMSS at high temperature, thus reducing the number of long-chain polymers that were available for crosslinking resulting in decreased gel content of the hydrogel. A similar result reported by Takigami et al. [11] indicated that reaction at high temperature will cause starch hydrolysis and gives low gel formation. The swelling capability in this study was different than the expected trend as it decreased with the decrease of the gel content. When hydrogel comes in contact with any solvent molecules, the solvent tries to attack the hydrogel surface and penetrate within the polymeric network structure [21]. However, in this experiment, it was observed that the appearance of the gel prepared at high reaction temperature was hard and rigid. This could prevent the hydrogel to swell as the water found difficulty to pass through the surface of the hydrogel thus decreasing the swelling capability.















              

Figure 4. 	Effect of reaction temperature on gel content and swelling of 60% CMSS hydrogel in 2.0M HCl at 12 hours of reaction time

Swelling properties
A hydrogel is known for its ability to absorb and hold a huge amount of solvent in its network structure. This swelling property is a very crucial factor for its further application. The swelling studies would suggest a good prediction on the ability of the hydrogel to interact with the surrounding media, in which its smart behavior could be used in many applications especially in the controlled release of drug delivery [7]. Figure 5 shows the swelling degree for the CMSS hydrogel at different immersion media. PBS 7 gave a high swelling degree indicating that this CMSS hydrogel swelled well in PBS 7 solution. In acidic media (PBS 4), more –COOH groups were formed, which induced the formation of the hydrogen bond of –COOH with CMSS hydrogel, leading to a more compact network in CMSS hydrogel and caused a decrease in the swelling degree [7, 22]. Similarly, when CMSS hydrogel was immersed in HCl solution, the presence of H+ ions in the surrounding induced the hydrogen bond formation, resulting in a low swelling degree. In salt solution (NaCl), the swelling ability of CMSS hydrogel significantly decreased compared to the swelling in deionized water. Gupta et al. [23] stated that the phenomenon can be explained on the basis of osmotic pressure developed due to the unequal distribution of ions in the medium and the polymer network. When the polymer immersed in NaCl solution, the development of osmotic pressure is much lower since the external solution contains Na+ and Cl-, the presence of Na+ ions in the outer solution causes a decrease in the osmotic swelling pressure which operates due to the difference of counter ions in a gel phase and solution phase, therefore, reducing the swelling ability.

Sadeghi et al. [17] also reported that this behavior is often attributed to the charge screening effect and ionic crosslinking of monovalent cations. In alkaline solution (NaOH and PBS 10), it was observed that there was no swelling degree recorded as the CMSS hydrogel completely dissolved in the alkaline solution after 48 hours immersion time. This might be due to the degradation of the CMSS hydrogel crosslinked network at high concentration of alkaline solution present in the surrounding resulting in reformation of –COONa thus causing it to be dissolved in the media. These results indicated that CMSS hydrogel prepared in this study exhibited pH-sensitive characteristic and affected by its surrounding environment.


Figure 5.  Swelling of CMSS hydrogel at different media at room temperature

Characterization of CMSS hydrogel: 
Fourier transform infrared analysis
Figure 6 shows the FTIR spectra of sago starch, CMSS, and CMSS hydrogel. The spectrum of sago starch shows the absorption band at 3273 cm-1, which is due to O-H stretching vibration, as well as intramolecular and intermolecular hydrogen bonds in glycosidic bond in the sago starch molecule [7]. The absorption band at 2910 cm-1 shows C-H stretching and 1643 cm-1 shows a tightly bound water presence in the starch molecule. The appearance of the absorption band at 1350 cm-1 belongs to -CH2 symmetrical band, while the broad band at the range of 1100-990 cm-1 indicates the C-O stretching from C-O-C and C-O-H in a glycosidic ring of the starch molecule [24].
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Figure 6.  FTIR spectra for Sago Starch, CMSS and CMSS Hydrogel
The FTIR spectrum of CMSS shows the shifting of O-H stretching band to lower wavenumber at 3175 cm-1. This was probably due to the low intermolecular hydrogen bonds between the O-H group left in the glycosidic rings of CMSS prior to the substitution reaction take place during carboxymethylation process [13]. The additional absorption band at 1597 cm-1 indicates the substitution of the CH2COO-Na+ group on the starch molecular chain during carboxymethylation.

CMSS hydrogel spectrum shows a new absorption band at 1723 cm-1 indicating the presence of the COOH group. This shows that the Na in CMSS was being exchanged to H from the HCl solution. The concentration of HCl solution used was 2.0 M, thus a sharp absorption at band can be observed indicating that most of the -COONa have been converted to COOH. The intensity of the absorption band depends on the concentration of the acid used, whereby low concentration of acid shows a weak absorption band of conversion of -COONa to COOH [24]. A similar result was reported previously where the replacement of Na in carboxymethyl group with hydrogen from acid  occurred  depending  on  the  type  of  acid  and concentration [11]. The absorption band at 1421 cm-1 and 1238 cm-1 are respectively due to -CH2 scissoring and -OH bending vibration, while OCH-O-CH2 stretching was represented by the absorption band at 1000 cm-1.

Thermogravimetric analysis
TGA analysis is a convenient analysis to study the thermal decomposition and thermal stability of the polymer. It is a quantitative measurement of the weight change of a sample against the temperature applied. TGA thermograms of native sago starch, CMSS, and CMSS hydrogel are shown in Figure 7. Native sago starch, CMSS, and CMSS hydrogel have two steps of decomposition. The first step below 150 ºC corresponds to the removal of moisture from the surface and entrapped water in the sample. The second step occurred around 200 ºC to 500 ºC due to the decomposition of the starch backbone leaving a residue. Zhang et al. [25] stated that water was the main product decomposition at a temperature below 300 ºC and further heating up above 500 ºC resulted in carbonization and ash formation.

For CMSS, the maximum weight loss occurred at 295.33 ºC which is lower than native sago starch before carboxymethylation (309.57 ºC) with 49.71% of total CMSS decomposed and 42.37% residue due to the presence of ash and sodium salt in CMSS. It had been found that the carboxymethylation process decreased the thermal stability of starch materials [25]. The maximum thermal decomposition of CMSS hydrogel was 330.22 ºC with 60.22% major weight loss which indicates slight increase compared to native sago starch and CMSS. An increase in the maximum thermal decomposition of CMSS hydrogel could be due to the presence of cross-linkages in CMSS hydrogel [24]. High cross-linked structure and compact network improve the degree of stability of hydrogel resulted in higher temperature needed to decompose them [7].





Figure 7.  (a) TGA and (b) DTG thermograms of Sago Starch, CMSS and CMSS hydrogel

SEM analysis
Scanning Electron Microscopy (SEM) is an excellent technique in examining the surface morphology of a sample. Figure 8(a) shows a smooth surface and oval-shaped granules sago starch with a diameter in the range of 20-40 µm similar to the previous study reported by Ahmad et al. [26]. Figure 8(b) shows the massive distorted and irregular shape of carboxymethyl sago starch. In comparison with native starch, the surface of CMSS is rough where the groove indicates that the breakage of a chemical bond by a strongly alkaline environment during the carboxymethylation process. Thus, carboxymethylation is not only the reaction on the surface of starch granules but also from within [24]. The micrograph also shows that the CMSS remains intact and agglomerate after preparation with aqueous-alcoholic medium studied. Figure 8(c) shows that CMSS hydrogel has a spongy surface with space called pores in structure and connected to each other to form networks as a consequence of the crosslinking process [27].
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	(c) CMSS hydrogel



[bookmark: _GoBack]Figure 8.  SEM images of (a) Sago starch, (b) CMSS and (c) CMSS hydrogel


Conclusion
Carboxymethyl sago starch hydrogel was successfully prepared in the HCl solution. Carboxymethylation decreases the thermal stability of sago starch, but cross-linking increases the thermal stability of CMSS hydrogel. FTIR spectrum of CMSS hydrogel showed that the Na in CMSS is successfully exchanged to H from the HCl solution. SEM image of CMSS hydrogel shows pores in the structure and connected to each other to form networks. Swelling studies of CMSS hydrogel prepared exhibited a smart behavior as it reacts depending on its surrounding environment and displays pH-sensitive characteristics. The finding of this study suggests that the CMSS hydrogel has potential in broad applications such as heavy metal removal in wastewater treatment and carrier in drug or vaccine delivery system. 
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13.666782113333525	18.935747498668491	7.1553080530004536	3.841497103994743	4.5626636956935407	13.666782113333525	18.935747498668491	7.1553080530004536	3.841497103994743	4.5626636956935407	0.5	1	1.5	2	2.5	162.58666666666667	147.83666666666667	136.55333333333331	36.799999999999997	16.920000000000002	Concentration of HCl (M)

Percentage of Gel Content (%)




Gel Content (%)	
0.15534906930307926	0.18175074506953742	0.92397691168845353	1.2169771293386451	0.80721744282441577	0.15534906930307926	0.18175074506953742	0.92397691168845353	1.2169771293386451	0.80721744282441577	12	24	36	48	72	70.426666666666662	70.756666666666661	71.373333333333335	68.583333333333329	68.58	Swelling (g/g)	
3.2716102049806186	2.4105393587328146	2.4867046467162126	0.47056703383613019	1.201998336105337	3.2716102049806186	2.4105393587328146	2.4867046467162126	0.47056703383613019	1.201998336105337	12	24	36	48	72	46.183333333333337	33	26.849999999999998	17.843333333333334	18.27	Time of Reaction (hours)

Percentage of Gel Content (%)




Gel Content (%)	68.54
51.64
31.19

0.56709787515031052	2.4512037858978579	2.6632123460212487	4.1950089392038254	3.3185287904933611	0.56709787515031052	2.4512037858978579	2.6632123460212487	4.1950089392038254	3.3185287904933611	27	37	50	60	70	70.400000000000006	68.990000000000009	63.28	51.830000000000005	32.853333333333332	Swelling (g/g)	
4.1499999999999986	3.4117493069294134	0.47634021455258224	1.4200469475807254	2.3407762245317953	4.1499999999999986	3.4117493069294134	0.47634021455258224	1.4200469475807254	2.3407762245317953	27	37	50	60	70	53.79	45.806666666666665	6.31	5.833333333333333	12.193333333333333	Temperature (ºC)

Percentage og Gel Content (%)




3.79
20.40
12.20

1.3859292911256375E-2	1.6970562748477156	0.56568542494923724	0.47376154339498677	0.1343502884254443	0	0	1.3859292911256375E-2	1.6970562748477156	0.56568542494923724	0.47376154339498677	0.1343502884254443	0	0	PBS 4	PBS 7	DI	Salt (NaCl)	HCl 1M	NaOH 1M	PBS 10	3.7893999999999997	20.399999999999999	12.2	8.8649999999999984	4.9849999999999994	0	0	
Degree of Swelling (g/g)


starch	 Sago Starch

50	50.833300000000001	51.666699999999999	52.5	53.333300000000001	54.166699999999999	55	55.833300000000001	56.666699999999999	57.5	58.333300000000001	59.166699999999999	60	60.833300000000001	61.666699999999999	62.5	63.333300000000001	64.166700000000006	65	65.833299999999994	66.666700000000006	67.5	68.333299999999994	69.166700000000006	70	70.833299999999994	71.666700000000006	72.5	73.333299999999994	74.166700000000006	75	75.833299999999994	76.666700000000006	77.5	78.333299999999994	79.166700000000006	80	80.833299999999994	81.666700000000006	82.5	83.333299999999994	84.166700000000006	85	85.833299999999994	86.666700000000006	87.5	88.333299999999994	89.166700000000006	90	90.833299999999994	91.666700000000006	92.5	93.333299999999994	94.166700000000006	95	95.833299999999994	96.666700000000006	97.5	98.333299999999994	99.166700000000006	100	100.833	101.667	102.5	103.333	104.167	105	105.833	106.667	107.5	108.333	109.167	110	110.833	111.667	112.5	113.333	114.167	115	115.833	116.667	117.5	118.333	119.167	120	120.833	121.667	122.5	123.333	124.167	125	125.833	126.667	127.5	128.333	129.167	130	130.833	131.667	132.5	133.333	134.167	135	135.833	136.667	137.5	138.333	139.167	140	140.833	141.667	142.5	143.333	144.167	145	145.833	146.667	147.5	148.333	149.167	150	150.833	151.667	152.5	153.333	154.167	155	155.833	156.667	157.5	158.333	159.167	160	160.833	161.667	162.5	163.333	164.167	165	165.833	166.667	167.5	168.333	169.167	170	170.833	171.667	172.5	173.333	174.167	175	175.833	176.667	177.5	178.333	179.167	180	180.833	181.667	182.5	183.333	184.167	185	185.833	186.667	187.5	188.333	189.167	190	190.833	191.667	192.5	193.333	194.167	195	195.833	196.667	197.5	198.333	199.167	200	200.833	201.667	202.5	203.333	204.167	205	205.833	206.667	207.5	208.333	209.167	210	210.833	211.667	212.5	213.333	214.167	215	215.833	216.667	217.5	218.333	219.167	220	220.833	221.667	222.5	223.333	224.167	225	225.833	226.667	227.5	228.333	229.167	230	230.833	231.667	232.5	233.333	234.167	235	235.833	236.667	237.5	238.333	239.167	240	240.833	241.667	242.5	243.333	244.167	245	245.833	246.667	247.5	248.333	249.167	250	250.833	251.667	252.5	253.333	254.167	255	255.833	256.66699999999997	257.5	258.33300000000003	259.16699999999997	260	260.83300000000003	261.66699999999997	262.5	263.33300000000003	264.16699999999997	265	265.83300000000003	266.66699999999997	267.5	268.33300000000003	269.16699999999997	270	270.83300000000003	271.66699999999997	272.5	273.33300000000003	274.16699999999997	275	275.83300000000003	276.66699999999997	277.5	278.33300000000003	279.16699999999997	280	280.83300000000003	281.66699999999997	282.5	283.33300000000003	284.16699999999997	285	285.83300000000003	286.66699999999997	287.5	288.33300000000003	289.16699999999997	290	290.83300000000003	291.66699999999997	292.5	293.33300000000003	294.16699999999997	295	295.83300000000003	296.66699999999997	297.5	298.33300000000003	299.16699999999997	300	300.83300000000003	301.66699999999997	302.5	303.33300000000003	304.16699999999997	305	305.83300000000003	306.66699999999997	307.5	308.33300000000003	309.16699999999997	310	310.83300000000003	311.66699999999997	312.5	313.33300000000003	314.16699999999997	315	315.83300000000003	316.66699999999997	317.5	318.33300000000003	319.16699999999997	320	320.83300000000003	321.66699999999997	322.5	323.33300000000003	324.16699999999997	325	325.83300000000003	326.66699999999997	327.5	328.33300000000003	329.16699999999997	330	330.83300000000003	331.66699999999997	332.5	333.33300000000003	334.16699999999997	335	335.83300000000003	336.66699999999997	337.5	338.33300000000003	339.16699999999997	340	340.83300000000003	341.66699999999997	342.5	343.33300000000003	344.16699999999997	345	345.83300000000003	346.66699999999997	347.5	348.33300000000003	349.16699999999997	350	350.83300000000003	351.66699999999997	352.5	353.33300000000003	354.16699999999997	355	355.83300000000003	356.66699999999997	357.5	358.33300000000003	359.16699999999997	360	360.83300000000003	361.66699999999997	362.5	363.33300000000003	364.16699999999997	365	365.83300000000003	366.66699999999997	367.5	368.33300000000003	369.16699999999997	370	370.83300000000003	371.66699999999997	372.5	373.33300000000003	374.16699999999997	375	375.83300000000003	376.66699999999997	377.5	378.33300000000003	379.16699999999997	380	380.83300000000003	381.66699999999997	382.5	383.33300000000003	384.16699999999997	385	385.83300000000003	386.66699999999997	387.5	388.33300000000003	389.16699999999997	390	390.83300000000003	391.66699999999997	392.5	393.33300000000003	394.16699999999997	395	395.83300000000003	396.66699999999997	397.5	398.33300000000003	399.16699999999997	400	400.83300000000003	401.66699999999997	402.5	403.33300000000003	404.16699999999997	405	405.83300000000003	406.66699999999997	407.5	408.33300000000003	409.16699999999997	410	410.83300000000003	411.66699999999997	412.5	413.33300000000003	414.16699999999997	415	415.83300000000003	416.66699999999997	417.5	418.33300000000003	419.16699999999997	420	420.83300000000003	421.66699999999997	422.5	423.33300000000003	424.16699999999997	425	425.83300000000003	426.66699999999997	427.5	428.33300000000003	429.16699999999997	430	430.83300000000003	431.66699999999997	432.5	433.33300000000003	434.16699999999997	435	435.83300000000003	436.66699999999997	437.5	438.33300000000003	439.16699999999997	440	440.83300000000003	441.66699999999997	442.5	443.33300000000003	444.16699999999997	445	445.83300000000003	446.66699999999997	447.5	448.33300000000003	449.16699999999997	450	450.83300000000003	451.66699999999997	452.5	453.33300000000003	454.16699999999997	455	455.83300000000003	456.66699999999997	457.5	458.33300000000003	459.16699999999997	460	460.83300000000003	461.66699999999997	462.5	463.33300000000003	464.16699999999997	465	465.83300000000003	466.66699999999997	467.5	468.33300000000003	469.16699999999997	470	470.83300000000003	471.66699999999997	472.5	473.33300000000003	474.16699999999997	475	475.83300000000003	476.66699999999997	477.5	478.33300000000003	479.16699999999997	480	480.83300000000003	481.66699999999997	482.5	483.33300000000003	484.16699999999997	485	485.83300000000003	486.66699999999997	487.5	488.33300000000003	489.16699999999997	490	490.83300000000003	491.66699999999997	492.5	493.33300000000003	494.16699999999997	495	495.83300000000003	496.66699999999997	497.5	498.33300000000003	499.16699999999997	500	500.83300000000003	501.66699999999997	502.5	503.33300000000003	504.16699999999997	505	505.83300000000003	506.66699999999997	507.5	508.33300000000003	509.16699999999997	510	510.83300000000003	511.66699999999997	512.5	513.33299999999997	514.16700000000003	515	515.83299999999997	516.66700000000003	517.5	518.33299999999997	519.16700000000003	520	520.83299999999997	521.66700000000003	522.5	523.33299999999997	524.16700000000003	525	525.83299999999997	526.66700000000003	527.5	528.33299999999997	529.16700000000003	530	530.83299999999997	531.66700000000003	532.5	533.33299999999997	534.16700000000003	535	535.83299999999997	536.66700000000003	537.5	538.33299999999997	539.16700000000003	540	540.83299999999997	541.66700000000003	542.5	543.33299999999997	544.16700000000003	545	545.83299999999997	546.66700000000003	547.5	548.33299999999997	549.16700000000003	550	550.83299999999997	551.66700000000003	552.5	553.33299999999997	554.16700000000003	555	555.83299999999997	556.66700000000003	557.5	558.33299999999997	559.16700000000003	560	560.83299999999997	561.66700000000003	562.5	563.33299999999997	564.16700000000003	565	565.83299999999997	566.66700000000003	567.5	568.33299999999997	569.16700000000003	570	570.83299999999997	571.66700000000003	572.5	573.33299999999997	574.16700000000003	575	575.83299999999997	576.66700000000003	577.5	578.33299999999997	579.16700000000003	580	580.83299999999997	581.66700000000003	582.5	583.33299999999997	584.16700000000003	585	585.83299999999997	586.66700000000003	587.5	588.33299999999997	589.16700000000003	590	590.83299999999997	591.66700000000003	592.5	593.33299999999997	594.16700000000003	595	595.83299999999997	596.66700000000003	597.5	598.33299999999997	599.16700000000003	600	600.83299999999997	601.66700000000003	602.5	603.33299999999997	604.16700000000003	605	605.83299999999997	606.66700000000003	607.5	608.33299999999997	609.16700000000003	610	610.83299999999997	611.66700000000003	612.5	613.33299999999997	614.16700000000003	615	615.83299999999997	616.66700000000003	617.5	618.33299999999997	619.16700000000003	620	620.83299999999997	621.66700000000003	622.5	623.33299999999997	624.16700000000003	625	625.83299999999997	626.66700000000003	627.5	628.33299999999997	629.16700000000003	630	630.83299999999997	631.66700000000003	632.5	633.33299999999997	634.16700000000003	635	635.83299999999997	636.66700000000003	637.5	638.33299999999997	639.16700000000003	640	640.83299999999997	641.66700000000003	642.5	643.33299999999997	644.16700000000003	645	645.83299999999997	646.66700000000003	647.5	648.33299999999997	649.16700000000003	650	650.83299999999997	651.66700000000003	652.5	653.33299999999997	654.16700000000003	655	655.83299999999997	656.66700000000003	657.5	658.33299999999997	659.16700000000003	660	660.83299999999997	661.66700000000003	662.5	663.33299999999997	664.16700000000003	665	665.83299999999997	666.66700000000003	667.5	668.33299999999997	669.16700000000003	670	670.83299999999997	671.66700000000003	672.5	673.33299999999997	674.16700000000003	675	675.83299999999997	676.66700000000003	677.5	678.33299999999997	679.16700000000003	680	680.83299999999997	681.66700000000003	682.5	683.33299999999997	684.16700000000003	685	685.83299999999997	686.66700000000003	687.5	688.33299999999997	689.16700000000003	690	690.83299999999997	691.66700000000003	692.5	693.33299999999997	694.16700000000003	695	695.83299999999997	696.66700000000003	697.5	698.33299999999997	699.16700000000003	700	700.83299999999997	701.66700000000003	702.5	703.33299999999997	704.16700000000003	705	705.83299999999997	706.66700000000003	707.5	708.33299999999997	709.16700000000003	710	710.83299999999997	711.66700000000003	712.5	713.33299999999997	714.16700000000003	715	715.83299999999997	716.66700000000003	717.5	718.33299999999997	719.16700000000003	720	720.83299999999997	721.66700000000003	722.5	723.33299999999997	724.16700000000003	725	725.83299999999997	726.66700000000003	727.5	728.33299999999997	729.16700000000003	730	730.83299999999997	731.66700000000003	732.5	733.33299999999997	734.16700000000003	735	735.83299999999997	736.66700000000003	737.5	738.33299999999997	739.16700000000003	740	740.83299999999997	741.66700000000003	742.5	743.33299999999997	744.16700000000003	745	745.83299999999997	746.66700000000003	747.5	748.33299999999997	749.16700000000003	750	750.83299999999997	751.66700000000003	752.5	753.33299999999997	754.16700000000003	755	755.83299999999997	756.66700000000003	757.5	758.33299999999997	759.16700000000003	760	760.83299999999997	761.66700000000003	762.5	763.33299999999997	764.16700000000003	765	765.83299999999997	766.66700000000003	767.5	768.33299999999997	769.16700000000003	770	770.83299999999997	771.66700000000003	772.5	773.33299999999997	774.16700000000003	775	775.83299999999997	776.66700000000003	777.5	778.33299999999997	779.16700000000003	780	780.83299999999997	781.66700000000003	782.5	783.33299999999997	784.16700000000003	785	785.83299999999997	786.66700000000003	787.5	788.33299999999997	789.16700000000003	790	790.83299999999997	791.66700000000003	792.5	793.33299999999997	794.16700000000003	795	795.83299999999997	796.66700000000003	797.5	798.33299999999997	799.16700000000003	100.12	100.04900000000001	99.977900000000005	99.906700000000001	99.835400000000007	99.764200000000002	99.692999999999998	99.621799999999993	99.550600000000003	99.479399999999998	99.408100000000005	99.334699999999998	99.257800000000003	99.177000000000007	99.092399999999998	99.004199999999997	98.912499999999994	98.8172	98.718400000000003	98.616299999999995	98.510800000000003	98.401899999999998	98.289599999999993	98.174000000000007	98.055300000000003	97.933300000000003	97.808499999999995	97.680800000000005	97.550600000000003	97.417699999999996	97.282399999999996	97.1447	97.0047	96.862700000000004	96.718999999999994	96.573400000000007	96.426299999999998	96.278000000000006	96.128399999999999	95.977800000000002	95.826300000000003	95.674099999999996	95.521600000000007	95.368499999999997	95.215400000000002	95.062200000000004	94.909099999999995	94.756500000000003	94.604299999999995	94.452699999999993	94.302000000000007	94.152299999999997	94.003699999999995	93.856200000000001	93.710099999999997	93.565600000000003	93.422799999999995	93.281499999999994	93.141999999999996	93.004499999999993	92.869	92.735500000000002	92.603999999999999	92.474999999999994	92.348200000000006	92.223799999999997	92.101699999999994	91.981999999999999	91.864699999999999	91.749799999999993	91.637200000000007	91.527199999999993	91.419499999999999	91.314400000000006	91.211699999999993	91.111400000000003	91.013400000000004	90.9178	90.8245	90.733699999999999	90.645099999999999	90.558800000000005	90.474599999999995	90.392499999999998	90.312600000000003	90.234899999999996	90.159199999999998	90.085599999999999	90.013999999999996	89.944299999999998	89.876499999999993	89.810699999999997	89.746799999999993	89.684700000000007	89.624399999999994	89.565899999999999	89.509100000000004	89.454099999999997	89.400899999999993	89.349199999999996	89.299199999999999	89.250799999999998	89.204099999999997	89.159099999999995	89.115700000000004	89.073800000000006	89.0334	88.994600000000005	88.957499999999996	88.921700000000001	88.887500000000003	88.854699999999994	88.823300000000003	88.793300000000002	88.764799999999994	88.7376	88.711799999999997	88.687299999999993	88.664199999999994	88.642499999999998	88.622	88.602599999999995	88.584500000000006	88.567400000000006	88.551299999999998	88.5364	88.5227	88.509799999999998	88.497699999999995	88.486699999999999	88.476600000000005	88.467299999999994	88.458600000000004	88.450800000000001	88.443799999999996	88.437299999999993	88.431399999999996	88.426000000000002	88.421000000000006	88.416399999999996	88.412199999999999	88.408600000000007	88.4054	88.402600000000007	88.400099999999995	88.397900000000007	88.395899999999997	88.394000000000005	88.392300000000006	88.390699999999995	88.389300000000006	88.388099999999994	88.386899999999997	88.385900000000007	88.385000000000005	88.384200000000007	88.383700000000005	88.383099999999999	88.3827	88.382400000000004	88.382000000000005	88.381500000000003	88.381	88.380600000000001	88.380300000000005	88.380099999999999	88.379800000000003	88.379499999999993	88.379199999999997	88.378900000000002	88.378500000000003	88.378299999999996	88.378200000000007	88.378	88.377700000000004	88.377200000000002	88.376900000000006	88.3767	88.376400000000004	88.376000000000005	88.375600000000006	88.375299999999996	88.375200000000007	88.375100000000003	88.375100000000003	88.374899999999997	88.374799999999993	88.374600000000001	88.374499999999998	88.374499999999998	88.374499999999998	88.374399999999994	88.374099999999999	88.373900000000006	88.373999999999995	88.374200000000002	88.374300000000005	88.374300000000005	88.374300000000005	88.374200000000002	88.373800000000003	88.3733	88.372799999999998	88.372299999999996	88.371600000000001	88.371300000000005	88.371099999999998	88.370999999999995	88.370999999999995	88.370800000000003	88.370500000000007	88.3703	88.370199999999997	88.370099999999994	88.369799999999998	88.369200000000006	88.368499999999997	88.367999999999995	88.367500000000007	88.367099999999994	88.367099999999994	88.367099999999994	88.367000000000004	88.366799999999998	88.366500000000002	88.366	88.365300000000005	88.364599999999996	88.363799999999998	88.362899999999996	88.361999999999995	88.361199999999997	88.360299999999995	88.359300000000005	88.358199999999997	88.357100000000003	88.355999999999995	88.354799999999997	88.353300000000004	88.351600000000005	88.349800000000002	88.347999999999999	88.346000000000004	88.343699999999998	88.341200000000001	88.3386	88.335800000000006	88.332800000000006	88.329700000000003	88.3262	88.322299999999998	88.317999999999998	88.313299999999998	88.308099999999996	88.302499999999995	88.296300000000002	88.289199999999994	88.281300000000002	88.2727	88.263099999999994	88.252300000000005	88.239900000000006	88.225999999999999	88.210300000000004	88.192599999999999	88.172600000000003	88.150300000000001	88.125399999999999	88.098200000000006	88.069199999999995	88.039199999999994	88.008700000000005	87.977699999999999	87.945499999999996	87.911000000000001	87.872900000000001	87.829899999999995	87.780600000000007	87.722899999999996	87.6541	87.571799999999996	87.474000000000004	87.358900000000006	87.224299999999999	87.067099999999996	86.884500000000003	86.673400000000001	86.430199999999999	86.151600000000002	85.833399999999997	85.471100000000007	85.060400000000001	84.597700000000003	84.08	83.505099999999999	82.870800000000003	82.174999999999997	81.416200000000003	80.593599999999995	79.707400000000007	78.757499999999993	77.744	76.667199999999994	75.5274	74.326099999999997	73.065200000000004	71.746899999999997	70.373699999999999	68.948800000000006	67.475999999999999	65.959999999999994	64.406300000000002	62.820799999999998	61.210299999999997	59.581200000000003	57.940199999999997	56.293999999999997	54.648800000000001	53.010899999999999	51.386499999999998	49.781599999999997	48.201900000000002	46.652900000000002	45.14	43.668500000000002	42.242800000000003	40.867199999999997	39.5456	38.281100000000002	37.0762	35.932200000000002	34.849899999999998	33.828899999999997	32.868099999999998	31.9663	31.122199999999999	30.3339	29.599399999999999	28.9163	28.2821	27.694600000000001	27.1511	26.648499999999999	26.184100000000001	25.754799999999999	25.357900000000001	24.9908	24.6509	24.335799999999999	24.043199999999999	23.770700000000001	23.5167	23.279499999999999	23.057400000000001	22.848800000000001	22.652000000000001	22.466000000000001	22.289400000000001	22.121600000000001	21.9617	21.808399999999999	21.661200000000001	21.519500000000001	21.3827	21.250599999999999	21.122399999999999	20.997599999999998	20.876000000000001	20.7575	20.641400000000001	20.527899999999999	20.416799999999999	20.307500000000001	20.1999	20.094100000000001	19.989999999999998	19.887899999999998	19.787500000000001	19.688300000000002	19.590499999999999	19.4941	19.399100000000001	19.305299999999999	19.212800000000001	19.121700000000001	19.032299999999999	18.944199999999999	18.857500000000002	18.772099999999998	18.688300000000002	18.605799999999999	18.5246	18.444700000000001	18.366199999999999	18.289000000000001	18.212900000000001	18.137799999999999	18.0641	17.992000000000001	17.921199999999999	17.851600000000001	17.783200000000001	17.716200000000001	17.650400000000001	17.585799999999999	17.522200000000002	17.459599999999998	17.398299999999999	17.338200000000001	17.2789	17.220600000000001	17.163399999999999	17.107299999999999	17.052199999999999	16.9983	16.9453	16.8933	16.842199999999998	16.791799999999999	16.7424	16.693899999999999	16.6462	16.5992	16.552900000000001	16.507400000000001	16.462700000000002	16.418900000000001	16.375599999999999	16.333100000000002	16.2913	16.250299999999999	16.209900000000001	16.170200000000001	16.131	16.092600000000001	16.054600000000001	16.017399999999999	15.980499999999999	15.944000000000001	15.908200000000001	15.873200000000001	15.8386	15.804500000000001	15.770799999999999	15.737500000000001	15.704499999999999	15.671900000000001	15.639699999999999	15.607799999999999	15.5762	15.545	15.513999999999999	15.4833	15.4529	15.422599999999999	15.3925	15.362500000000001	15.3329	15.303699999999999	15.2744	15.245200000000001	15.216200000000001	15.1874	15.158799999999999	15.1305	15.1021	15.0739	15.0458	15.018000000000001	14.9903	14.962899999999999	14.935600000000001	14.9085	14.881500000000001	14.8545	14.827500000000001	14.800700000000001	14.7738	14.747	14.7204	14.693899999999999	14.667400000000001	14.641	14.614699999999999	14.588200000000001	14.5618	14.535399999999999	14.508900000000001	14.4824	14.456	14.4297	14.4034	14.3773	14.3512	14.325100000000001	14.299200000000001	14.273300000000001	14.2476	14.2216	14.1951	14.1684	14.1417	14.1151	14.088800000000001	14.0627	14.0358	14.008800000000001	13.9818	13.954700000000001	13.9274	13.9	13.872400000000001	13.844799999999999	13.817299999999999	13.790100000000001	13.7628	13.7355	13.707800000000001	13.6798	13.652100000000001	13.624599999999999	13.597200000000001	13.569900000000001	13.5419	13.5139	13.486700000000001	13.4597	13.4329	13.4061	13.3786	13.3508	13.323499999999999	13.296200000000001	13.268700000000001	13.240500000000001	13.2119	13.1831	13.1546	13.1265	13.098100000000001	13.069599999999999	13.040900000000001	13.012	12.9832	12.9544	12.9252	12.895799999999999	12.866300000000001	12.8367	12.807399999999999	12.7783	12.7486	12.7186	12.6884	12.658300000000001	12.6282	12.598100000000001	12.5679	12.537699999999999	12.5075	12.4773	12.447100000000001	12.416700000000001	12.386100000000001	12.355399999999999	12.3248	12.294	12.2631	12.232200000000001	12.2011	12.1699	12.138500000000001	12.1068	12.075200000000001	12.0434	12.0114	11.979200000000001	11.9468	11.914199999999999	11.881500000000001	11.8484	11.8149	11.7814	11.7479	11.7142	11.680400000000001	11.6465	11.612399999999999	11.577999999999999	11.5434	11.5085	11.473599999999999	11.438700000000001	11.4034	11.3682	11.3332	11.298	11.262700000000001	11.2271	11.1915	11.156000000000001	11.1203	11.084300000000001	11.048	11.0116	10.9748	10.9377	10.900499999999999	10.863099999999999	10.8255	10.7879	10.7501	10.7121	10.6739	10.6355	10.5968	10.5579	10.518800000000001	10.4794	10.4397	10.399800000000001	10.3596	10.3194	10.2789	10.238099999999999	10.197100000000001	10.155900000000001	10.1145	10.073	10.0312	9.9891900000000007	9.9468800000000002	9.9042999999999992	9.86144	9.8182500000000008	9.7747700000000002	9.7310800000000004	9.6871500000000008	9.6429799999999997	9.5985499999999995	9.5538799999999995	9.5089600000000001	9.4637600000000006	9.4184099999999997	9.3729200000000006	9.3271599999999992	9.2811199999999996	9.2348199999999991	9.1882400000000004	9.1414500000000007	9.0944299999999991	9.0472300000000008	8.9998699999999996	8.9523299999999999	8.9045799999999993	8.8566400000000005	8.8085100000000001	8.7601200000000006	8.7115100000000005	8.6627700000000001	8.6137800000000002	8.5646100000000001	8.51525	8.4655900000000006	8.4157299999999999	8.3657299999999992	8.3155300000000008	8.2651500000000002	8.2146100000000004	8.1639400000000002	8.1130800000000001	8.0619800000000001	8.0107099999999996	7.9592799999999997	7.9077799999999998	7.8561199999999998	7.8042699999999998	7.75237	7.7003199999999996	7.6481199999999996	7.5958300000000003	7.5433700000000004	7.4908200000000003	7.43818	7.38544	7.3325800000000001	7.2796500000000002	7.2266899999999996	7.1736800000000001	7.1205400000000001	7.06731	7.0141099999999996	6.9608499999999998	6.9075100000000003	6.8540900000000002	6.8006900000000003	6.7474299999999996	6.6943299999999999	6.6415100000000002	6.5890300000000002	6.5369900000000003	6.48536	6.4341600000000003	6.3834299999999997	6.3332100000000002	6.28348	6.2342300000000002	6.1855200000000004	6.1373100000000003	6.0895599999999996	6.0424300000000004	5.9958499999999999	5.9497200000000001	5.9041600000000001	5.8592199999999997	5.8148	5.77081	5.72722	5.6839700000000004	5.6409599999999998	5.5981199999999998	5.5555700000000003	5.5133200000000002	5.4714299999999998	5.4298000000000002	5.3885100000000001	5.3475700000000002	5.3068999999999997	5.26647	5.2264400000000002	5.1867299999999998	5.1473500000000003	5.1083299999999996	5.0696500000000002	5.0312400000000004	4.9931099999999997	4.9553000000000003	4.9177900000000001	4.8805899999999998	4.8437200000000002	4.8071099999999998	4.7707600000000001	4.7346899999999996	4.6988599999999998	4.6633300000000002	4.62798	4.5927699999999998	4.5576999999999996	4.5228400000000004	4.4881700000000002	4.4536600000000002	4.4192200000000001	4.3849999999999998	4.3509599999999997	4.3170500000000001	4.2833100000000002	4.2497100000000003	4.2162600000000001	4.1830400000000001	4.1500000000000004	4.1171499999999996	4.0844399999999998	4.0518000000000001	4.0191800000000004	3.9865900000000001	3.9541400000000002	3.9218199999999999	3.88964	3.8576199999999998	3.8257300000000001	3.7939500000000002	3.7623099999999998	3.7307399999999999	3.69929	3.6679900000000001	3.6368200000000002	3.6057999999999999	3.5749499999999999	3.5441199999999999	3.5133899999999998	3.4827400000000002	3.4522200000000001	3.4218700000000002	3.3917099999999998	3.3616100000000002	3.33161	3.3017400000000001	3.2719499999999999	3.2422599999999999	3.2126199999999998	3.1831	3.15374	3.1245400000000001	3.0954299999999999	3.06636	3.0373800000000002	3.00848	2.97966	2.95092	2.9222299999999999	2.8934899999999999	2.8639600000000001	2.8347799999999999	2.80646	2.7784399999999998	2.7505099999999998	2.7226900000000001	2.6949900000000002	2.6674500000000001	2.6401500000000002	2.6129500000000001	2.58596	2.5589499999999998	2.53186	2.5049600000000001	2.4782000000000002	2.4515500000000001	2.42475	2.3978899999999999	2.3710499999999999	2.3444400000000001	2.31873	2.2929400000000002	2.2664399999999998	2.2398699999999998	2.2134399999999999	2.1870799999999999	2.1607099999999999	2.1343399999999999	2.10791	2.0815299999999999	2.05504	2.0287099999999998	2.0026000000000002	1.97655	1.95061	1.92475	1.8991800000000001	1.8738699999999999	1.8487199999999999	1.82369	1.7987500000000001	1.7739199999999999	1.7492799999999999	1.7245900000000001	1.6998	1.6751	1.6507000000000001	1.6264099999999999	1.6022400000000001	1.5781499999999999	1.5541499999999999	1.53027	1.50647	1.4827300000000001	1.4591700000000001	1.43581	1.41248	1.38917	1.36599	1.3429899999999999	1.3200700000000001	1.29718	1.2743899999999999	1.2518400000000001	1.2294799999999999	1.20722	1.1848799999999999	1.16273	1.14072	1.1188	1.0971	1.0754900000000001	1.05402	1.03277	1.0115499999999999	0.99040399999999995	0.96941999999999995	0.94859599999999999	0.92790499999999998	0.90729599999999999	0.88685899999999995	0.86655899999999997	0.84643299999999999	0.82649700000000004	0.80693099999999995	0.787609	0.76853099999999996	0.74960000000000004	0.73081399999999996	0.71223499999999995	0.69370500000000002	0.67517499999999997	0.65664599999999995	0.63811600000000002	0.61958599999999997	0.60105600000000003	0.58252700000000002	0.56399699999999997	0.54546700000000004	CMSS	CMSS
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100.361	100.297	100.233	100.169	100.105	100.041	99.977400000000003	99.913499999999999	99.849500000000006	99.785600000000002	99.721599999999995	99.660399999999996	99.591300000000004	99.513099999999994	99.427199999999999	99.335400000000007	99.238399999999999	99.138000000000005	99.035300000000007	98.930199999999999	98.823099999999997	98.714100000000002	98.603800000000007	98.492800000000003	98.381399999999999	98.269199999999998	98.157899999999998	98.047399999999996	97.938199999999995	97.830399999999997	97.724199999999996	97.619900000000001	97.516800000000003	97.415899999999993	97.317999999999998	97.222200000000001	97.129599999999996	97.039699999999996	96.952500000000001	96.867900000000006	96.786100000000005	96.707599999999999	96.632199999999997	96.558400000000006	96.487399999999994	96.418999999999997	96.352699999999999	96.289199999999994	96.227900000000005	96.168300000000002	96.111000000000004	96.056100000000001	96.003699999999995	95.953199999999995	95.9041	95.857799999999997	95.813000000000002	95.769199999999998	95.726900000000001	95.686400000000006	95.647300000000001	95.609099999999998	95.571899999999999	95.537000000000006	95.503200000000007	95.470500000000001	95.439700000000002	95.409700000000001	95.380499999999998	95.352800000000002	95.325599999999994	95.2988	95.273099999999999	95.248199999999997	95.223699999999994	95.2	95.177599999999998	95.155299999999997	95.133200000000002	95.112399999999994	95.092299999999994	95.071799999999996	95.051500000000004	95.030900000000003	95.011200000000002	94.992000000000004	94.972200000000001	94.952600000000004	94.934200000000004	94.914900000000003	94.895600000000002	94.877099999999999	94.858099999999993	94.839399999999998	94.821200000000005	94.801900000000003	94.781899999999993	94.763099999999994	94.743600000000001	94.723200000000006	94.7029	94.6828	94.662800000000004	94.643500000000003	94.624200000000002	94.604500000000002	94.584699999999998	94.565100000000001	94.545100000000005	94.525199999999998	94.505899999999997	94.486400000000003	94.466099999999997	94.446299999999994	94.426500000000004	94.406899999999993	94.386899999999997	94.366600000000005	94.347499999999997	94.328699999999998	94.308899999999994	94.288899999999998	94.269400000000005	94.248699999999999	94.227099999999993	94.206299999999999	94.1858	94.164299999999997	94.142099999999999	94.120199999999997	94.097999999999999	94.075299999999999	94.052700000000002	94.029499999999999	94.006100000000004	93.982200000000006	93.957999999999998	93.933499999999995	93.907600000000002	93.880899999999997	93.854399999999998	93.828500000000005	93.802499999999995	93.7761	93.749200000000002	93.721400000000003	93.6935	93.665000000000006	93.636300000000006	93.607100000000003	93.577500000000001	93.547700000000006	93.517499999999998	93.487099999999998	93.456500000000005	93.426500000000004	93.396900000000002	93.366500000000002	93.336100000000002	93.305899999999994	93.275099999999995	93.243099999999998	93.2102	93.177400000000006	93.145099999999999	93.113	93.079800000000006	93.046199999999999	93.012699999999995	92.978499999999997	92.943299999999994	92.908199999999994	92.873699999999999	92.838999999999999	92.803700000000006	92.767300000000006	92.7303	92.6935	92.656300000000002	92.618099999999998	92.580100000000002	92.542599999999993	92.504999999999995	92.467799999999997	92.430999999999997	92.393199999999993	92.354900000000001	92.316599999999994	92.277299999999997	92.238	92.198499999999996	92.157700000000006	92.116	92.073899999999995	92.031999999999996	91.990099999999998	91.947699999999998	91.904700000000005	91.861199999999997	91.816400000000002	91.768900000000002	91.72	91.670599999999993	91.6203	91.568600000000004	91.518100000000004	91.468500000000006	91.418199999999999	91.367900000000006	91.316900000000004	91.265100000000004	91.213099999999997	91.160200000000003	91.105999999999995	91.049800000000005	90.991299999999995	90.9315	90.871799999999993	90.811499999999995	90.750799999999998	90.691100000000006	90.630700000000004	90.568899999999999	90.506100000000004	90.442099999999996	90.375299999999996	90.305899999999994	90.234999999999999	90.162800000000004	90.089299999999994	90.015299999999996	89.940399999999997	89.864400000000003	89.787000000000006	89.708100000000002	89.628900000000002	89.548400000000001	89.465299999999999	89.379499999999993	89.292199999999994	89.203100000000006	89.112300000000005	89.019199999999998	88.923199999999994	88.825100000000006	88.725399999999993	88.624300000000005	88.521699999999996	88.416899999999998	88.308999999999997	88.197999999999993	88.084299999999999	87.968299999999999	87.850499999999997	87.731099999999998	87.608999999999995	87.483800000000002	87.355900000000005	87.226399999999998	87.095699999999994	86.962500000000006	86.826599999999999	86.688800000000001	86.549000000000007	86.406999999999996	86.262500000000003	86.115499999999997	85.9666	85.814899999999994	85.661199999999994	85.505399999999995	85.347099999999998	85.186300000000003	85.022800000000004	84.856700000000004	84.688599999999994	84.517700000000005	84.344300000000004	84.168099999999995	83.988200000000006	83.805300000000003	83.618499999999997	83.428100000000001	83.235699999999994	83.039199999999994	82.838300000000004	82.632400000000004	82.421599999999998	82.206900000000005	81.987499999999997	81.762299999999996	81.531000000000006	81.2928	81.047899999999998	80.795900000000003	80.535799999999995	80.267799999999994	79.991799999999998	79.707400000000007	79.414299999999997	79.111599999999996	78.8001	78.4786	78.144599999999997	77.799700000000001	77.443700000000007	77.075500000000005	76.694599999999994	76.299800000000005	75.891099999999994	75.469700000000003	75.034999999999997	74.587000000000003	74.124099999999999	73.646600000000007	73.155000000000001	72.650000000000006	72.130899999999997	71.597200000000001	71.048599999999993	70.486000000000004	69.909099999999995	69.317400000000006	68.7119	68.092799999999997	67.460599999999999	66.816800000000001	66.161699999999996	65.495500000000007	64.819400000000002	64.133200000000002	63.4375	62.733499999999999	62.023099999999999	61.306899999999999	60.5854	59.859299999999998	59.129399999999997	58.395600000000002	57.659500000000001	56.923999999999999	56.19	55.458799999999997	54.730499999999999	54.006100000000004	53.286499999999997	52.5732	51.866599999999998	51.168199999999999	50.479100000000003	49.799199999999999	49.130899999999997	48.475099999999998	47.831899999999997	47.202399999999997	46.587499999999999	45.986899999999999	45.4009	44.832299999999996	44.281399999999998	43.745399999999997	43.2254	42.722499999999997	42.237499999999997	41.770499999999998	41.320500000000003	40.886600000000001	40.469900000000003	40.070700000000002	39.687899999999999	39.322899999999997	38.973799999999997	38.639800000000001	38.319400000000002	38.012999999999998	37.721299999999999	37.444699999999997	37.182600000000001	36.931699999999999	36.691499999999998	36.463099999999997	36.2455	36.037100000000002	35.838200000000001	35.649000000000001	35.470799999999997	35.301900000000003	35.140700000000002	34.986899999999999	34.840699999999998	34.700800000000001	34.566299999999998	34.4377	34.314799999999998	34.195999999999998	34.081699999999998	33.970100000000002	33.861400000000003	33.758600000000001	33.659100000000002	33.561599999999999	33.466999999999999	33.375900000000001	33.287500000000001	33.200899999999997	33.1143	33.029000000000003	32.945799999999998	32.864199999999997	32.782800000000002	32.702399999999997	32.623399999999997	32.545499999999997	32.469499999999996	32.3949	32.320500000000003	32.246699999999997	32.1736	32.100299999999997	32.027900000000002	31.956499999999998	31.8855	31.8141	31.7425	31.671299999999999	31.6005	31.530799999999999	31.461200000000002	31.3917	31.322800000000001	31.2545	31.186499999999999	31.118600000000001	31.050799999999999	30.9833	30.9162	30.849699999999999	30.782299999999999	30.713899999999999	30.647200000000002	30.581700000000001	30.516500000000001	30.451799999999999	30.386500000000002	30.320900000000002	30.255400000000002	30.189800000000002	30.124400000000001	30.059100000000001	29.9937	29.928100000000001	29.862300000000001	29.796299999999999	29.729900000000001	29.6631	29.596299999999999	29.5288	29.462399999999999	29.396899999999999	29.330400000000001	29.263400000000001	29.1965	29.130099999999999	29.064900000000002	28.999600000000001	28.933499999999999	28.867100000000001	28.801400000000001	28.7364	28.671900000000001	28.609000000000002	28.547000000000001	28.485499999999998	28.424600000000002	28.363199999999999	28.301500000000001	28.2407	28.178899999999999	28.1175	28.057600000000001	27.998200000000001	27.938700000000001	27.8795	27.821000000000002	27.761900000000001	27.703399999999998	27.645199999999999	27.585999999999999	27.527100000000001	27.4696	27.411999999999999	27.354500000000002	27.297899999999998	27.241900000000001	27.186599999999999	27.131900000000002	27.0776	27.025200000000002	26.971499999999999	26.914300000000001	26.856000000000002	26.797899999999998	26.7407	26.686299999999999	26.632300000000001	26.574999999999999	26.517199999999999	26.459800000000001	26.401499999999999	26.341899999999999	26.2822	26.2224	26.162400000000002	26.1036	26.046800000000001	25.990400000000001	25.934200000000001	25.875399999999999	25.814399999999999	25.756	25.6997	25.644200000000001	25.5885	25.529	25.470300000000002	25.416499999999999	25.364699999999999	25.314	25.263500000000001	25.209700000000002	25.1538	25.101299999999998	25.049700000000001	24.996700000000001	24.9404	24.881900000000002	24.822399999999998	24.764900000000001	24.7105	24.655000000000001	24.598800000000001	24.5425	24.486000000000001	24.430499999999999	24.374600000000001	24.3171	24.258900000000001	24.200399999999998	24.1418	24.086300000000001	24.032	23.974599999999999	23.916	23.857099999999999	23.7987	23.741099999999999	23.684100000000001	23.627400000000002	23.571400000000001	23.516300000000001	23.4619	23.407699999999998	23.352900000000002	23.297599999999999	23.242999999999999	23.189299999999999	23.135000000000002	23.080500000000001	23.027100000000001	22.973299999999998	22.919499999999999	22.864899999999999	22.810099999999998	22.755600000000001	22.700600000000001	22.645299999999999	22.5899	22.534199999999998	22.478000000000002	22.421800000000001	22.3643	22.305199999999999	22.246200000000002	22.188099999999999	22.130800000000001	22.073499999999999	22.016200000000001	21.9588	21.900500000000001	21.841999999999999	21.783200000000001	21.724900000000002	21.667000000000002	21.608899999999998	21.552700000000002	21.498100000000001	21.443899999999999	21.389600000000002	21.3355	21.282	21.228999999999999	21.1767	21.123899999999999	21.070599999999999	21.0169	20.962299999999999	20.907399999999999	20.853000000000002	20.798500000000001	20.744299999999999	20.6907	20.6372	20.5839	20.530899999999999	20.477699999999999	20.424199999999999	20.3706	20.3172	20.263999999999999	20.21	20.1557	20.101600000000001	20.048300000000001	19.995100000000001	19.941299999999998	19.888300000000001	19.835699999999999	19.783200000000001	19.730899999999998	19.678899999999999	19.626799999999999	19.5746	19.522099999999998	19.469000000000001	19.415299999999998	19.3614	19.307700000000001	19.2544	19.200900000000001	19.1478	19.095099999999999	19.0425	18.990100000000002	18.937799999999999	18.8858	18.8339	18.782499999999999	18.731200000000001	18.679600000000001	18.6281	18.576699999999999	18.525300000000001	18.4741	18.4236	18.373899999999999	18.324400000000001	18.275099999999998	18.2255	18.176100000000002	18.126899999999999	18.0776	18.028400000000001	17.979299999999999	17.930199999999999	17.8813	17.832599999999999	17.7835	17.734200000000001	17.685300000000002	17.637	17.589099999999998	17.541	17.492999999999999	17.4452	17.397500000000001	17.349900000000002	17.302399999999999	17.254999999999999	17.2073	17.159500000000001	17.111999999999998	17.064599999999999	17.017399999999999	16.970199999999998	16.922999999999998	16.875499999999999	16.828199999999999	16.780899999999999	16.734100000000002	16.6873	16.6403	16.593499999999999	16.546700000000001	16.499600000000001	16.452300000000001	16.405200000000001	16.358000000000001	16.310700000000001	16.2638	16.216999999999999	16.170000000000002	16.122800000000002	16.075700000000001	16.028500000000001	15.981299999999999	15.934100000000001	15.887	15.8405	15.793200000000001	15.745100000000001	15.6974	15.6502	15.602600000000001	15.555199999999999	15.507899999999999	15.4605	15.4133	15.366199999999999	15.319000000000001	15.271699999999999	15.224500000000001	15.1777	15.1309	15.084099999999999	15.037100000000001	14.990500000000001	14.9442	14.8972	14.850300000000001	14.8043	14.7585	14.7125	14.666499999999999	14.6206	14.5748	14.529	14.4831	14.437099999999999	14.391400000000001	14.345700000000001	14.299899999999999	14.2539	14.207700000000001	14.1623	14.1181	14.073700000000001	14.0289	13.984	13.938800000000001	13.893599999999999	13.8483	13.8025	13.757300000000001	13.712199999999999	13.667400000000001	13.622400000000001	13.577199999999999	13.5319	13.486800000000001	13.441599999999999	13.396100000000001	13.350099999999999	13.3043	13.258100000000001	13.210699999999999	13.1631	13.1157	13.068199999999999	13.020799999999999	12.9732	12.9251	12.877000000000001	12.8285	12.7798	12.730600000000001	12.6813	12.632	12.5829	12.5334	12.4839	12.434699999999999	12.3855	12.3361	12.2866	12.2369	12.187099999999999	12.136799999999999	12.086600000000001	12.036099999999999	11.985099999999999	11.934100000000001	11.883599999999999	11.8332	11.782500000000001	11.731400000000001	11.68	11.6281	11.5762	11.523999999999999	11.471399999999999	11.417199999999999	11.357200000000001	11.2989	11.245100000000001	11.192299999999999	11.1393	11.086399999999999	11.033200000000001	10.980399999999999	10.9284	10.8765	10.825100000000001	10.772500000000001	10.7187	10.6652	10.612	10.5589	10.5038	10.4476	10.3901	10.333500000000001	10.2818	10.2285	10.1707	10.111499999999999	10.0517	9.9911200000000004	9.9301499999999994	9.8682200000000009	9.8048599999999997	9.7410899999999998	9.67591	9.6105999999999998	9.5452700000000004	9.4791299999999996	9.4123000000000001	9.3449899999999992	9.2786000000000008	9.2123899999999992	9.1465399999999999	9.0801999999999996	9.01342	8.9464699999999997	8.8789599999999993	8.8098100000000006	8.7392400000000006	8.6681299999999997	8.5962700000000005	8.5239799999999999	8.4519500000000001	8.3793299999999995	8.30532	8.2306899999999992	8.1555800000000005	8.0800400000000003	8.0043500000000005	7.9283099999999997	7.8508599999999999	7.7720500000000001	7.6928000000000001	7.6131399999999996	7.5324999999999998	7.4500400000000004	7.3661599999999998	7.2822899999999997	7.1985400000000004	7.1140699999999999	7.0282600000000004	6.9415899999999997	6.8532999999999999	6.7636900000000004	6.6734400000000003	6.5821699999999996	6.4899300000000002	6.3964600000000003	6.3013700000000004	6.2049599999999998	6.1075999999999997	6.00922	5.9093099999999996	5.8079900000000002	5.7054400000000003	5.6017900000000003	5.4971800000000002	5.3912800000000001	5.2846900000000003	5.17713	5.0683600000000002	4.9580900000000003	4.8462800000000001	4.7333100000000004	4.6204000000000001	4.5075000000000003	4.39459	4.2816900000000002	4.1687799999999999	4.0558800000000002	3.9429699999999999	3.8300700000000001	3.7171599999999998	Temperature (ºC)

Weight (%)


Sago stach	309.57
Sago Starch
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CMSS Hydrogel
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