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Effects of different altitudes on
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The main element influencing the quality of potato starch is the environment. To

investigate the effects of different altitude cultivation locations on the molecular

structure and physicochemical properties of starch, two potato varieties, JiusenNo.1

B1 and Qingshu No.9 B2, were planted in three different altitude zones: A1 at low

altitude (Chongzhou 450m), A2 at middle altitude (Xichang 2800m), and A3 at high

altitude (Litang 3650 m). The results showed that the average volume, number,

surface area diameter, average branched polymerization degree, crystallinity, and

gelatinization temperature of two potato granules in high altitude areas were

significantly lower than those in middle and low altitude areas were, and the

gelatinization performance of potato starch was affected according to the

correlation of starch structure characteristics. Potato starch with more short-

branched chains and less long branched chains resulted in a lower gelatinization

temperature in high altitude areas. The results showed that JiusenNo. 1 andQingshu

No. 9 were mainly affected by accumulated radiation and accumulated rainfall in

Litang, a high altitude area, and by effective accumulated temperature in Xichang, a

middle altitude area. This study quantified the influence ofmeteorological factors on

themain starch quality of potato tubers. The results can be used as a theoretical basis

for the scientific planting of high-quality potatoes.
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Introduction

The potato is a solanaceae plant, which is known as one of the most promising

economic crops in the 21st century. Zhou (2008), is rich in starch, protein, vitamins, trace

elements, and other ingredients with high nutritional value (Calliope et al., 2018; Li

Hongxia et al., 2021). The United Nations Food and Agriculture Organization
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named wheat, corn, rice, and potato the four staple food raw

materials in 2008 (Li X. et al., 2021). The potato originated in the

high-altitude Andean mountains of South America and was

then gradually introduced to the low-altitude plains. Because of

the characteristics of climate and light in high-altitude areas,

the characteristics of potato growth and development, potato

formation, and so on are determined. With the introduction of

potatoes into low-altitude areas, the quality of potatoes has also

changed greatly. Because of this, altitude has always been an

important factor in how potatoes taste and how their starch has

made, so it is especially important to study how altitude affects

potato starch. But it also affects the genetic make-up and

physiological traits of the variety itself, differences in ecological

conditions (such as temperature, light, rainfall, soil, etc.), and

cultivation factors (planting density, fertilisation, pests and

diseases, etc.) (Lombardo et al., 2013; Licciardello et al., 2018;

Lombardo et al., 2020). The final quality of the tubers is

influenced by a variety of growth and development stages, with

ecological elements and agricultural cultivation factors having an

impact on the potato's development at each stage of growth.

Medium starch is the main component of the potato tuber,

which is between 66% and 80% by dry weight basis (Akhila

et al., 2022). Moreover, potato starch has a unique quality and

function that other starches can’t replace and is widely used in food

processing, the chemical industry, medicine, textiles, papermaking,

feed, and other fields. However, the structure and properties of

potato starch are closely related. Potato starch consists of two main

macromolecules: amylopectin (AP) and amylose (AM). AM is a

major linear molecule with only a few branches, while AP is a very

large and highly branched molecule (Schirmer et al., 2013). In the

study of starch isolated from potato varieties planted in Canada, the

results showed that the difference in chemical composition and

molecular chain length of potato starch might lead to different

functional characteristics of potato dry matter and single variety

starch (Liu et al., 2007; Lu et al., 2011). Zhu and Hao (2018)

investigated the molecular structure of Maori potato starch and

discovered that Maori potato amylopectin had the longest units and

internal chains and the fewest short chains. Further correlation

analysis showed that the amount of short B chain (fb1, degree of

polymerization (DP) 12–24) was related to the starting temperature

(TO) and peak temperature (Tp) (Tappiban et al., 2020; Tappiban

et al., 2020). It is reported that there is a negative correlation

between the number of A chains (fa, DP 6–12) of colored potato

starch and cold paste viscosity (CPV), gelatinization temperature

(PT), Tp, and conclusion temperature (Tc). It was also found that

the B2 chain (fb2, DP 24-36) was positively correlated with the

amount of hot paste viscosity (HTV), CPV, PT, To, Tp, and Tc

(Martinez et al., 2018; Tong et al., 2018; Vamadevan and Bertoft,

2018; Li et al., 2021). But no agreement has been reached because

the relationship between the potato’s structure and function is very

complicated and may be different for different types of potatoes and

different ways they grow.

In recent years, more attention has been paid to the influence of

environmental conditions on the composition, structure, and

properties of starch (Kaur et al., 2007; Schirmer et al., 2013;

Chung et al., 2014; Pelpolage et al., 2016). Currently, (Ahmed
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et al., 2018) have shown that the physicochemical properties of

potato starch are affected not only by genotype but also by external

factors such as climate, soil, and management measures. According

to Šimková et al., 2013; and Zhang et al., 2022), the amylose content

of wheat is also affected by the weather and soil conditions during

grain development (Bains et al., 2017). At present Kaur et al. (2007);

Trung et al. (2017) have investigated that no matter what the

amylose content is, the decrease in grain and potato growth

temperature will lead to an increase in starch particle size and a

decrease in gelatinization and transition temperature. (Protserov

et al., 2002) believed that this situation might be because of the

increase in growth temperature that is parallel to the annealing

mechanism in starch, which leads to changes in double helix length,

the thickness of the crystalline layer, and the rigidity of the

amorphous region. As far as we know, the research on the

structure and properties of different potato starches mainly

focuses on the analysis of the structure and properties of

common potato starch (Chen et al., 2013). However, the influence

of the environment on the fine structure of starch has not been

reported. Therefore, it is necessary to obtain more accurate and

reliable molecular structures of amylose and amylopectin molecules

in different environments and further study the structure and

properties of potato starch.

Therefore, in this study, two kinds of potatoes, Jiusen No. 1 and

Qingshu No. 9, were planted at different altitudes to study the effect

of the fine structure of potato starch quality, amylopectin, on the

physical and chemical properties of starch. Moreover, as far as we

know, there is little research on the fine structure analysis of potato

starch amylopectin, by environmental factor. The purpose of this

study was to: 1) study the effects of different altitudes on the fine

structure of potato starch; and 2) study the effects of different

altitudes on the physicochemical and thermodynamic properties of

potato starch. The results of this study provide new insights and can

be used to improve the structure, properties, and quality of starch.

In addition, this research provides important information for

growers so that they can better choose the suitable planting place

for potato starch quality and ensure that the characteristics of starch

are the best for consumers.
Material and methods

Test material and cultivation management

Experimental design

Test methods
The experiment was carried out in experimental bases in

Sichuan Province (Puti Village, Yangma Town, Chongzhou City;

Wudaoqing Township, Puge County, Xichang City; Jiuxiang Town,

Hanyuan County; and Jiawa Town, Litang County). A two-factor

randomized block experiment was adopted. The first factor was

altitude change: A1 low altitude area (450 m in Chongzhou), A2

high-altitude area (2800 m in Xichang), and A3 high-altitude area

(3650 m in Litang). Factor B was variety: B1 (Jiusen 1) and B2

(Qingshu 9). Three repetitions, 48 combinations (communities),
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each with an area of 11.2m2. The experiment adopted single-ridge

planting in the field, with 4 rows of ridges in each plot, 30 cm ridge

height, 20 potatoes in each row, 20cm×70cm row spacing, and 10-

15 cm planting depth. The rest were managed in the field according

to conventional cultivation methods. Refer to Table 1 for sowing

times and cultivation management.

Meteorological data
As can be seen from Figure 1, the average temperature of

Chongzhou was 13.23°C during the potato growth period in

2021; the accumulated temperature was 1667.4°C, the effective
Frontiers in Plant Science 03
accumulated temperature was 1227.40°C, and the rainfall was

mainly concentrated from March to April, with the accumulated

rainfall of 127.70 mm and less sunshine at 398.60 h; the

accumulated radiation was 1434.96 KWh/m2. During the potato

growth period in 2021, the average temperature in Xichang was

21.60°C, the accumulated temperature was 2936.7°C, and the

rainfall was mainly from June to July, with an accumulated

rainfall of 269.98 mm and 961.80 h of sunshine; the accumulated

radiation was 3462.84 kW h/m2, and the effective accumulated

temperature was 2552.15°C. The average temperature in Litang

during the potato growth period in 2021 was 10.85°C. The
A B

DC

FIGURE 1

Cumulative temperature, cumulative effective accumulated temperature, cumulative radiation and cumulative rainfall in potato growth period at
different altitudes. (A–D) respectively represents accumulative temperature, effective accumulated temperature, cumulative radiation and
accumulative rainfall in different places.
TABLE 1 Cultivation management.

Variety Test point Chongzhou Xichang Litang

Jiusen No.1 Sowing period January 1st March 1st May 8th

Harvesting period May 15th July 25th October 20th

Qingshu No.9 Ploughing and tilling method Ploughing and tilling method

fertiliser base fertilizer :40 kg of compound fertiliser (N/P/K=17/17/17) and 1000 kg of organic farmyard manure per mu; after
the seedlings have emerged: 5 kg of nitrogen fertiliser (urea) per mu.
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accumulated temperature was 1860.2°C, the accumulated rainfall,

mainly from May to September, was 391.96 mm, and there were

2161.98 h of sunshine. The cumulative radiation was 5651.28 KWh/

m2, and the sunshine was sufficient. The effective accumulated

temperature was 1350.40°C. To sum up, during the potato growth

period in 2021, the average temperature was Xichang > Chongzhou

> Litang; cumulative temperature: Xichang > Litang > Chongzhou;

precipitation: Litang > Xichang > Chongzhou; sunshine: Litang >

Xichang > Chongzhou; cumulative radiation: Litang > Xichang >

Chongzhou; and effective accumulated temperature: Xichang >

Litang > Chongzhou. In the potato growth period of 2021, the

cumulative precipitation, sunshine intensity, and cumulative

radiation increased with the increase in altitude, and the

cumulative effective accumulated temperature and cumulative

temperature increased first and then decreased.
Test methods

Sample pretreatment
Wash the appropriate amount of fresh potatoes and cut them

into pieces, mash them with water in a tissue masher, sieve them to

remove cellulose and other substances, and leave the starch

sediment in water. To obtain a starch sample, wash them with

distilled water 3–4 times, stand still for 6-7 hours, pour off the

supernatant, remove the brown powder layer, and dry them in an

air-drying oven at 40°C for 48 hours to obtain a starch sample. The

sample was screened with a 100-mesh sieve.

Determination of starch composition
The content of starch in potato tubers was determined by

anthracene copper chromogenic method (Zhang et al., 2019). The

amylose content in tuber starch was determined by dual-wavelength

calorimetry. Amylopectin content was obtained by subtracting

amylose content from total starch content (Zeng et al., 2012;

Wang et al., 2017).
Analysis of starch granule morphology and
particle size

Take a 2~3 g mature potato tuber, break it off with tweezers to

obtain a cross section, cut it with a blade to obtain another flat cross

section, and fix it on the sample with conductive adhesive. After

gold spraying, the sample was directly observed by a scanning

electron microscope (S4800II, Hitachi). A small amount of purified

starch was picked up with tweezers and dispersed on the conductive

adhesive. After gold spraying, it was directly observed by a scanning

electron microscope. In order to compare the starch particle size

distribution, the LS13320 laser diffraction particle size analyzer of

Beckman Coulter Company analyzed starch particles. Put 50 mg of

starch into a centrifuge tube, add 5 mL of distilled water for

suspension, swirl and mix for 1 hour at 4°C, oscillate once every

10 minutes, then transfer to the dispersion box of a laser diffraction

particle size analyzer, and measure its distribution.
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Analysis of starch-chain length distribution

For an examinationof starch chain length distribution, Isoamylase

(E-ISAMY, Megazyme, Ireland) was used to remove the branches of

starch, and then the relative molecular weight distribution of starch

was determined by high temperature gel exclusion chromatography

(GPC, PL-GPC 220, USA). High performance liquid chromatography

(HPAEC, Thermo ICS-5000, USA) was also used to look at the

distribution of chain lengths in amylopectin (Zhang et al., 2017).

Crystal structure analysis of starch

The relative crystallinity of starch was analyzed by a

polycrystalline X-ray diffractometer (D8-ADVANCE, Germany).

A Fourier transform infrared spectrometer (Varian 7000 FTIR,

USA) was used to analyze the short-range ordered structure of

starch. The crystal lamellar strength and thickness of starch were

analyzed by a small-angle X-ray scatterometer (Li et al., 2016).
Thermodynamic determination of starch

Measure the thermal characteristics of DSC6. Weigh 4 mg (dry

basis) of starch or rice flour samples in an aluminum crucible (PE0219-

0062), add deionized water at amass ratio of 1:2, cover and seal, place at

room temperature andbalance overnight, and thenmeasure. The empty

crucible was used as the reference. The scanning temperature range was

20-140°C, and the scanning ratewas 10°C/min. The temperature was 30

-120°C, and the thermal characteristic parameters and enthalpy (H)

values were calculated. Two parallel samples were taken from each

sample, and the results were averaged (Singh et al., 2003).
Data analysis

The data were processed using statistical analysis software such

as Microsoft Excel 2010 and SPSS 27, and a variance analysis

was performed.
Results

Effect of different altitude on starch
composition of potato

As shown in the data in Table 2, the content (%) of amylose and

amylopectin and the ratio of amylose/amylopectin in potato tubers

reached extremely significant levels among different varieties,

different altitudes and the interaction between varieties and

altitudes. At different altitudes, the starch content of dry sample

of Jiusen No.1 and Qingshu No.9 was about 80%~86%, the amylose

content of dry sample of Jiusen No.1 potato starch was about 26% ~

31%, the amylopectin content was about 69% ~ 74%, and the

amylose content of dry sample of Qingshu No.9 potato starch was

about 25% ~ 31%, and the amylopectin content was about 69% ~
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75%. The starch content of both increased with the elevation. The

amylose content of Jiusen No.1 was higher than that of Qingshu

No.9. As the altitude increases, the straight-chain starch of Qingshu

NO.9 shows a trend of first decreasing and then increasing.

Morphological analysis of potato starch
granules

Figure 2 showed an electron microscope scanning picture of

potato starch granules withmagnification. It was observed that potato

starch granules weremostly oval and round and the starch granules of

JiusenNo.1 andQingshuNo.9 were roughly the same in shape. At low
Frontiers in Plant Science 05
altitude, some starch granules of Jiusen No.1 showed irregular shapes,

but at high altitude, the shapes weremore uniform. At low altitude, the

starch granule surface of Qingshu 9 was very rough, with many

irregular bulges, while at high altitude, the surface was smoother. In

general, potato starch granules extracted from Gaohai were more

regular in shape and smoother in surface.
Particle size analysis of potato starch

According to Figure 3 and Table 3, it can be seen that the potato

granule volume was roughly unimodal, and there was a big
FIGURE 2

Electron microscope scanning images of potato starch granules at different altitudes. A1, A2 and A3 represent Chongzhou, Xichang and Litang
respectively, B1 and B2 represent Jiusen No. 1 and Qingshu No. 9.
TABLE 2 Variance analysis of the content (%) and proportion of potato starch, amylose and amylopectin of potato varieties at different experimental site.

Altitude Variety Starch Amylose Amylopectin Amylose/amylopectin

Chongzhou
Xichang

Jiusen No. 1 81.56c 29.44c 70.56c 0.42c

Qingshu No. 9 80.85c 26.65d 73.35b 0.36d

Jiusen No. 1 84.31b 30.97a 69.03e 0.45a

Litang Qingshu No. 9 81.34c 25.37e 74.63a 0.34e

Jiusen No. 1 86.22a 25.85e 74.15a 0.35e

Qingshu No. 9 86.57a 30.12b 69.88d 0.43b

F-value altitude treatment 14.82** 130.08** 129.84** 118.50**

variety treatment 112.79** 235.13** 235.10** 220.30**

altitude×variety treatment 11.50** 41.66** 41.62** 36.49**
Different letters in the data in the same column represent the significance reaching 0.05; starch content is the percentage of dry weight; ** represents the significance level of 1%; the following are
the same.
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difference in starch granule volume among different potato

varieties. Qingshu No.9 was significantly larger than Jiusen No.1

was. With the increase of altitude, the starch granule volume

changes of the two varieties were basically consistent, while Jiusen

No.1 and Qingshu No.9 both decreased with the increase of altitude.

According to Figure 4, at the same altitude, the number of starch

granules of Jiusen No.1 was more than Qingshu No.9 in quantity

distribution, and the difference of potato starch granules in low

altitude was large, but the difference of potato starch granules in

high altitude was small, which indicates that potato starch granules

in high altitude were evenly distributed. According to Figure 5, in

terms of surface area distribution, at the same altitude, the surface

area of starch granules of Qingshu No.9 was larger than that of

Jiusen No.1 with the increase of altitude, the surface area of starch
Frontiers in Plant Science 06
granules of two varieties decreased significantly. Overall, the starch

granules of the two potato varieties decreased with the elevation,

and the average volume and surface area of the starch granules of

Jiusen at all elevations were smaller than those of Junqingshu No.9.
Comparison of fine structure of potato
starch at different altitudes

In order to clarify the influence of starch fine structure on

potato quality, the relative molecular weight distribution of these

two potato starches was analyzed by high temperature gel

permeation exclusion chromatography (GPC). As shown in

Figure 6, the starches of the two samples were divided into three
FIGURE 3

Volume distribution of potato starch granules at different altitudes. LA (low altitude), MA (middle altitude) and HA (high altitude) stand for Chongzhou,
Xichang and Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No. 9 respectively.
TABLE 3 Diameter distribution of potato starch granules at different altitudes.

Altitude Variety Volume weighed mean
diameter

Number weighed mean
diameter

Surface area weighed mean
diameter

Chongzhou Jiusen No. 1 33.66d 19.37e 28.07b

Qingshu No. 9 48.75a 29.84a 41.14a

Xichang Jiusen No. 1 30.90e 21.99c 17.17d

Qingshu No. 9 37.27b 25.77b 18.56c

Litang Jiusen No. 1 30.50f 19.84d 15.66f

Qingshu No. 9 34.09c 19.32e 16.98e

altitude
treatment

982.64** 78.00** 371.33**

F-value variety
treatment

2315.05** 165.86** 132.82**

altitude×varietytreatment 398.98** 80.97** 44.58**
Different letters in the data in the same column represent the significance reaching 0.05; starch content is the percentage of dry weight; ** represents the significance level of 1%.
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peaks. Based on the previous studies, it could be known that the

peak 1 and the peak 2 were the short chain (AP1) and the long chain

(AP2) of amylopectin respectively (Zhang et al., 2017). Among

them, the tendency of AP1 components of Jiusen No.1 and Qingshu

No.9 starch was the same, with the increase of altitude, AP1 first

increases and then decreases. Studies has shown that AP1/AP2

reflects the branching degree of amylopectin, and the larger the

ratio, the higher the branching degree of starch. By calculating the

branching degree of two samples, it was found that the ratio of AP1/

AP2 of Jiusen No.1 to starch (2.89 0.03) was significantly higher

than that of Qingshu No.9 (3.09 0.02) at low altitude A1. The ratio

of starch AP1/AP2 of Jiusen No.1 was lower than that of Qingshu

No.9 at A2 and A3 altitudes. The third peak showed the amylose

component (AM), from which it could be seen that the amylose

component of Qingshu 9 was significantly more than that of

Jiusen 1, especially the short chain component of amylose was

more obvious.
Frontiers in Plant Science 07
Effect of chain length distribution of potato
starch amylopectin at different altitudes

In order to further clarify the chain length distribution

characteristics of amylopectin, information was obtained by

means of high performance liquid anion chromatograph

(HPAEC). According to previous studies, the chain length

distribution of amylopectin could be divided into four types: one

short chain (A, DP6-12) and three long chains (B1, DP13-24;; B2,

DP25-36; B3, DP > 36) Figure 7 showed the chain length

distribution diagram. The chain length distribution diagram of

Jiusen No.1 and Qingshu No.9 was similar, with the highest peak

at DP12-13 and double peaks. As shown in Table 4, at the altitudes

A1, A2 and A3, the chain length ratio of Jiusen No.1 and Qingshu

No.9 varieties A, B1 and A/B increased with the increase of altitude,

while the chain length ratio of B2 and B3 decreased with the

increase of altitude, showing an opposite trend. However, the
FIGURE 4

Number distribution of potato starch granules at different altitudes. LA (low altitude), MA (middle altitude) and HA (high altitude) stand for
Chongzhou, Xichang and Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No. 9 respectively.
FIGURE 5

Surface area distribution of potato starch granules at different altitudes. LA (low altitude), MA (middle altitude) and HA (high altitude) stand for Chongzhou,
Xichang and Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No. 9 respectively.
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average polymerization degree was highest in Xichang, which

increases at first and then decreases with the increase of altitude.

The starch chain length ratio of Jiusen No.1 and Qingshu No.9

was mainly concentrated in chain A and B1, with the ratio of

18.21%~24.28% and 44.68%~53.49% respectively. However, the

proportion of B2 and B3 chains was small, and the short chain of

Qingshu 9 was significantly higher than that of Jiusen 1 at

different altitudes.
Effect of different altitudes on crystal
structure of potato starch

Potato granules are mainly semi-crystalline complexes with

double helix crystal structure formed by amylopectin molecules

and amorphous structure formed by some amylopectin and

amylose, so the molecular structure of starch has an important
Frontiers in Plant Science 08
influence on the crystal type and crystallinity of starch (Gan et al.,

2009). Firstly, the crystal diffraction of two starch samples were

analyzed by X- ray diffraction (XRD). Figure 8 showed the X-ray

diffraction patterns of two potato starches at different altitudes.

From Figure 8, it can be observed that there was no obvious

difference in the peak types of the two potato starches, with

strong diffraction peaks around 5.5 ~ 5.6, 15.0, 19.7, 22.2 and 24.0

at 2q angles. Therefore, it was be judged that this potato starch

might be a B-type crystalline structure. This was the same as the

research results of other varieties of potato starch reported in the

literature (Chen et al., 2013). However, after further comparison

and analysis of the long-range ordered structure (relative

crystallinity) of the two starches, it was found that there were

significant differences between the relative crystallinity of the two

potato starches at different altitudes, and the relative crystallinity of

Qingshu No.9 (21.42%, 48.30%, 24.84%) was significantly higher

than that of Jiusen No.1 (15.05%, 39.75%) With the increase of
FIGURE 6

Relative molecular weight distribution of potato starch at different altitudes. LA (low altitude), MA (middle altitude) and HA (high altitude) stand for
Chongzhou, Xichang and Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No. 9 respectively.
FIGURE 7

Distribution of amylopectin chain length of potato starch at different altitudes. LA (low altitude), MA (middle altitude) and HA (high altitude) stand for
Chongzhou, Xichang and Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No. 9 respectively.
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altitude, the relative crystallinity of different potato varieties first

increased and then decreased, and the relative crystallinity ranges

from 15.05% to 39.75% and from 21.42% to 48.3% respectively. This

result was in good agreement with the difference of fine structure of

starch. Because the starch crystal is mainly composed of double

helix structure formed by medium and long chains of amylopectin,

it can be inferred that the relatively large number of long chains of

amylopectin in Qingshu No.9 starch was the main reason for its

high crystallinity. In addition, this also explains the high enthalpy

value of Qingshu No.9 starch, because the higher the crystallinity of

starch, the more heat it needs in the gelatinization process.
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Fourier transforminfrared spectroscopycanaccuratelyanalyze the

short-range ordered structure of starch crystal structure. As shown in

Figure 9 andTable 5, the infrared absorption curves of JiusenNo.1 and

QingshuNo.9 starch were consistent. Usually, the infrared absorption

peaks of 1045/cm and 1022/cm in the infrared spectrum were the

structural characteristics of starch crystallization region and

amorphous region, and the ratio of them (1045/1022) can reflect the

short-range order degree of starch molecules (Jay-lin, 2009). Through

the calculation of characteristic values, it was found that the short-

range order degree of Jiusen No.1 and Qingshu No.9 starch was

significantly different at different altitudes, and the difference trend
TABLE 4 Characteristics of chain length distribution, average chain length and polymerization degree of amylopectin in different treatments.

Altitude Variety A
(DP≤12)

B1
(DP 13-24)

B2
(DP 25-36)

B3
(DP≥37)

A/B Average degree of
polymerization

Chongzhou Jiusen No. 1 21.77d 46.29e 16.95a 14.99d 0.278d 22.58d

Qingshu No. 9 22.96b 44.68f 16.18b 16.18a 0.298b 22.72c

Mean 22.37C 45.49C 16.57A 15.59A 0.288B 22.65B

Xichang Jiusen No. 1 18.21f 52.25b 14.27d 15.27c 0.223e 22.78b

Qingshu No. 9 18.23e 51.42d 14.88c 15.47b 0.223e 22.98a

Mean 18.22B 51.84B 14.58B 15.37B 0.223C 22.88A

Litang Jiusen No. 1 22.45c 53.49a 12.32e 11.74f 0.289c 20.79e

Jiusen No. 1 24.28a 51.88c 11.78f 12.07e 0.321a 20.66f

Mean 23.37A 52.69A 12.05C 11.91C 0.305A 20.73C

F-Value altitude
treatment

3572.28** 4546.56** 412.83** 424.10** 592.21** 1029.42**

variety
treatment

369.54** 1240.77** 451.71** 243.48** 102.01** 114.92**

altitude×varietytreatment 101.08** 2287.67** 1298.07** 791.08** 265.81** 220.70**
Different letters in the data in the same column represent the significance reaching 0.05; starch content is the percentage of dry weight; ** represents the significance level of 1%. Mean represents
the average value.
FIGURE 8

XRD patterns of potato starch at different altitudes. LA (low altitude), MA (middle altitude) and HA (high altitude) stand for Chongzhou, Xichang and
Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No. 9 respectively.
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was consistent with the crystallinity, with the short-range order degree

ranging from 0.81 to 0.94. At low altitude (Chongzhou), the short-

range order degree of Jiusen No.1 starch was lower than that of

Qingshu No.9 starch, and that of Jiusen No.1 starch was higher than

that of Qingshu No.9 starch at other altitudes.

Effect of different altitude on
thermodynamic properties of potato starch

According To the comparative analysis of Table 6, the

thermodynamic properties of starch were determined as TO

(initial temperature), Tp (peak temperature), Tc (conclusion

temperature) and DH (enthalpy of crystal melting). All the results

were shown in Table. These parameters reflect the proportion of

crystals related to molecular order. Amylose content was considered

as the main factor to control the thermal properties of starch, but it

is not the only factor. Other factors affecting thermal properties
Frontiers in Plant Science 10
include molecular structure of amylopectin/amylose and amylose

lipid complex (Liu et al., 2006).

At different altitudes of Chongzhou, Xichang and Litang,

the initial temperature, peak temperature, final gelatinization

temperature and enthalpy change of Jiusen No.1 and Qingshu

No.9 potato varieties all showed the same trend of first increasing

and then decreasing. At all altitudes, the initial temperature, peak

temperature, final gelatinization temperature and enthalpy change

of Qingshu No.9 starch were slightly higher than those of Jiusen

No.1 variety, and the changes were 58.17~63.70°C, 61.20~67.70°C

and 67.29 ~74.60°C, respectively. In addition, because Qingshu

No.9 starch has high enthalpy, it needs to absorbed more heat.

Figure 10 (DSC endothermic curve) of the thermal gelatinization

characteristics of two potato starch varieties showed that in

Xichang, the temperature span of Jiusen No.1 and Qingshu No.9

for gelatinization is longer, that is to say, the time required for the

thermal gelatinization process is also longer.
FIGURE 9

FTIR spectra of potato starch at different altitudes LA (low altitude), MA (middle altitude) and HA (high altitude) stand for Chongzhou, Xichang and
Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No. 9 respectively.
TABLE 5 Crystallinity and IR values of starch of two varieties at different altitudes.

Altitude Variety Crystallinity(%) 1045/1022cm-1 1022/995cm-1

Chongzhou Jiusen No. 1 15.05f 0.87d 0.98a

Qingshu No. 9 21.42d 0.89c 0.96b

Xichang Jiusen No. 1 39.75b 0.94a 0.86d

Qingshu No. 9 48.30a 0.91b 0.84e

Litang Jiusen No. 1 19.32e 0.84e 0.95b

Qingshu No. 9 24.84c 0.81f 0.91c

F-value altitude
Treatment

209.06** 144.90** 113.74**

variety
Treatment

37.60** 34.63** 260.26**

altitude×variety Treatment 65.95** 123.65** 47.78**
Different letters in the data in the same column represent the significance reaching 0.05; starch content is the percentage of dry weight; ** represents the significance level of 1%.
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Principal component analysis of each
component at different altitudes

Further dimension reduction analysis of potato starch indexes

showed in (Figure 11) that the contribution rates of principal

component 1(PC1) and principal component 2(PC2) were 55.0%

and 33.9% respectively. The total variance contribution rate of them

was 88. 9%, which means that PCA1 and PCA2 jointly explain

88.9% of the differences in the physicochemical properties and

structure of potato starch at different altitudes. It could be seen from

the figure that the spatial distribution of different altitudes was

obviously different, indicating that the differences of starch indexes

in altitude areas were significant due to meteorological factors, and

there were also significant differences among varieties. Accumulated

temperature, accumulated effective accumulated temperature were

positively correlated with starch thermodynamic properties (To,

Tp, Tc, H), polymerization degree, crystallinity, weighted average

diameter, medium and long chain B2 (DP25-36), B3(DP≥37), 1022/

995cm-1. Accumulated radiation and accumulated precipitation

have significant positive correlation with short chain A. Jiusen

No.1 and Qingshu No.9 were mainly affected by accumulated

radiation and accumulated rainfall in Litang at high altitude,

and by accumulated temperature and accumulated effective

accumulated temperature in Xichang at middle and high altitude.
Discussion

Effects of different altitudes on potato
starch morphology and particle size
distribution

Starch is the main component of potatoes, and the starch

content in different varieties of potatoes was significantly
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different. The starch content in fresh potatoes was 9%-23%, and

that in dry potatoes was 66%~80%. It was divided into amylose and

amylopectin. From the morphology of starch grains, Jiusen No.1

and Qingshu No.9 in this study have no obvious difference in starch

shapes, both of which were round or oval. However, with the

increase in altitude, the surface of starch was smoother and the

number of small granular starches increases. Generally, starch

granules were divided into ≤2mm (small starch granules), 2~5mm
(medium starch granules) and ≥5mm (large starch granules)

according to their particle size. In the particle size distribution of

potato starch granules, different varieties of potato starch granules

account for the largest proportion (Chung et al., 2014). However,

this study believed that planting potatoes at low altitude and at high

altitude was beneficial to increase the proportion of starch granules

and reduce the average weighted body area number and surface area

diameter of starch granules. The results of this study were consistent

with those of its predecessors, and so is this study. The influence of

temperature during grain filling on the particle size distribution of

potato starch by predecessors was reported by (Liu et al., 2017). It

also showed that the increase in the proportion of starch granules in

rice grains was not conducive to the improvement of the cooking

and eating quality of rice. Therefore, potatoes planted in high-

altitude areas taste better.
Effects of different altitudes on the chain
length distribution of potato starch
amylopectin

In general, high temperatures tend to raise the proportion of

amylopectin with a long chain A chain and decrease the proportion

with a short chain B chain, whereas low temperatures have the

reverse effect. (Tao et al., 2020) reported how the environment

affects the distribution of rice’s starch chain length; it was thought
TABLE 6 Thermodynamic properties of potato starch at different altitudes.

Altitude Variety T0 Tp Tc DH (J/g)

Chongzhou Jiusen No. 1 61.24c 65.29c 70.53c 13.78d

Qingshu No. 9 60.76d 63.83d 68.35d 14.70c

Mean 61.00B 64.56B 69.44B 14.24B

Xichang Jiusen No. 1 62.60b 66.90b 74.00b 16.01a

Qingshu No. 9 63.70a 67.70a 74.60a 15.26b

Mean 63.15A 67.30A 74.30A 15.64A

Litang Jiusen No. 1 58.17f 61.20f 66.91f 13.60f

Qingshu No. 9 58.59e 61.76e 67.29e 13.66e

Mean 58.38C 61.48C 67.10C 13.63C

altitude treatment 6163.19** 9155.97** 1456.81** 11408.19**

F-value variety treatment 97.28** 906.01** 129.67** 47.47**

altitude×variety treatment 169.67** 416.18** 645.02** 188.23**
Different letters in the data in the same column represent the significance reaching 0.05; starch content is the percentage of dry weight; ** represents the significance level of 1%. Mean represents
the average value.
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that the proportion of long-chain amylopectin was positively

connected with nighttime temperatures while the proportion of

short-chain amylopectin was negatively correlated. (Chung et al.,

2019) reported that amylopectin with a shorter or less long chain

lowers the gelatinization temperature (To and Tp). Additionally,

(Du, 2019) demonstrated that the amount of amylopectin’s chain

length has an impact on how easily starch gelatinizes. The

gelatinization temperature of rice starch increases with the

number of long amylopectin chains present and becomes more

challenging to gelatinize. The retrogradation degree and

retrogradation enthalpy rise concurrently, the rice hardens after

cooling, and this is not advantageous for the enhancement of rice

flavor quality. According to the findings, potatoes grown at low and

medium altitudes considerably raised the proportion of long chain

amylopectin and decreased the fraction of short chain amylopectin.

The amount of long chain amylopectin significantly dropped while
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the amount of short chain amylopectin increased when potatoes

were cultivated at a high altitude.
Effects of different altitudes on the crystal
structure of potato starch

The crystalline structure of starch from different sources was

different. According to the different X-ray diffraction patterns, the

crystalline structure of starch could be divided into three types,

namely, type A, type B, and type C. The difference was that the

rotation angle range of the strong diffraction peak was different

(Zhong et al., 2017). The results of this study showed that potato

starch has a B-type crystalline structure at different altitudes, which

was consistent with previous studies. Some studies have shown that

the order of the surface structure of starch could be judged by the

ratio of crystallinity of 1045/1022 cm-1 and 1022/995 cm-1 (Zhou

et al., 2020). Compared with low altitude, the crystallinity and the

ratio of 1045/1022 cm-1 in the high altitude area were lower.

Previous studies had shown that the high crystallinity of starch

improved the stability of starch, lead to an increase in gelatinization

temperature, and reduced the eating quality of rice (Lu et al., 2011;

Zhang et al., 2011). Therefore, potatoes planted in high altitude

areas had better tasting quality.
Effects of different altitudes on
thermodynamic properties of potato starch

The thermodynamic properties of starch were an important

index to reflect the quality of starch, which was not only affected by

the content of amylose and amylopectin but also by the chain length

distribution of amylose and amylopectin (Chung et al., 2011). On

the influence of ambient temperature on starch thermodynamic

(DSC) characteristics, (Liu et al., 2017) considered that high
FIGURE 11

Principal Component Analysis of Potato Indicators at Different
Altitudes. LA (low altitude), MA (middle altitude) and HA (high altitude
stand for Chongzhou, Xichang and Litang respectively; B1 and B2
stand for Jiusen No. 1 and Qingshu No. 9 respectively.
FIGURE 10

DSC endothermic curves of potato starch at different altitudes. Principal component analysis of starch indexes at different altitudes. LA (low altitude),
MA (middle altitude) and HA (high altitude stand for Chongzhou, Xichang and Litang respectively; B1 and B2 stand for Jiusen No. 1 and Qingshu No.
9 respectively.
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temperature stress increases the gelatinization temperature of

starch, and the main reason was that high temperature increases

the proportion of large-sized starch and the size of starch granules.

(Chun et al., 2015) considered that high temperatures during grain

filling reduced the short chain ratio of amylose and amylopectin and

increased the medium chain ratio of amylopectin, which leads to the

increase in the gelatinization temperature of starch. (Neoh et al.,

2020) reported that cold-treated wheat grains significantly affect the

starch structure, and the gelatinization temperature of starch

becomes lower, which affects the function of flour and the quality

of final products. (He et al., 2010; Zhu, 2018) showed in

their correlation analysis that the distribution ratio of small

starch granules were negatively correlated with gelatinization

temperature, while the proportion of large starch granules and

the diameter of starch surface area were positively correlated with

gelatinization temperature. The relative crystallinity and peak

strength of starch were positively correlated with gelatinization

temperature, enthalpy, and retrogradation enthalpy. This study

showed that compared with potatoes in high altitude areas,

potatoes plucked from low and middle altitude areas have more

large starch granules and larger starch granule diameter. The higher

the gelatinization temperature, the higher the relative crystallinity

and peak strength of starch, and the higher the gelatinization heat. It

was consistent with previous studies. Therefore, the amount of

starch and starch granules in high altitude areas was higher, the

gelatinization temperature was lower, and the amount of heat

needed for gelatinization was less. This makes high altitude areas

a better place to plant potatoes to make them taste better.
Conclusion

Growing potatoes at various elevations had a substantial impact

on the starch structure and qualities of potatoes, according to a

research of the starch structure and characteristics of two potato

kinds. The starch structure and characteristics of Jusen 1 and Green

Potato 9 revealed notable variations between varieties, altitudes, and

interactions between poster and variety. While Xichang is mostly

influenced by cumulative temperature and cumulative effective

cumulative temperature at intermediate and high altitudes, Litang

is primarily influenced by cumulative temperature and cumulative

radiation at high altitudes. Higher altitude Litang saw a rise in the

proportion of small starch grains and a decrease in the average

starch grain size compared to lower altitudes, while Chongzhou saw

the opposite trend. Rice's starch crystal types are unaffected by

altitude, but at higher altitudes, Litang increases the proportion of

short chains of branched starch, decreases relative crystallinity and
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peak starch intensity, and lowers the temperature and enthalpy of

starch pasting, which results in more delicately flavored potato

varieties. Because of the higher cumulative radiation and cumulative

rainfall at medium and high altitudes compared to low and medium

altitudes, potatoes grow better and are more suitable for agriculture

there. The findings of this study offer a critical point of reference for

the production of potatoes at various elevations in Sichuan

Province, which will aid in making the best use of ecological

resources and enhance potato farming quality.
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Šimková, D., Lachman, J., Hamouz, K., and Vokál, B. (2013). Effect of cultivar,
location and year on total starch, amylose, phosphorus content and starch grain size of
high starch potato cultivars for food and industrial processing. Food Chem. 141, 3872–
3880. doi: 10.1016/j.foodchem.2013.06.080

Singh, N., Singh, J., Kaur, L., Singh Sodhi, N., and Singh Gill, B. (2003).
Morphological, thermal and rheological properties of starches from different
botanical sources. Food Chem. 81, 219–231. doi: 10.1016/S0308-8146(02)00416-8

Tao, S., Li, M., and Xu, Q. (2020). Effects of environmental factors on starch
characteristics of rice. Northern Rice 50, 1–7.

Tappiban, P., Sraphet, S., Srisawad, N., Wu, P., and Triwitayakorn, K. (2020). Effects
of cassava variety and growth location on starch fine structure and physicochemical
properties. Food Hydrocoll. 108, 106074. doi: 10.1016/j.foodhyd.2020.106074

Tappiban, P., Ying, Y., Pang, Y., Sraphet, S., Srisawad, N., Smith, D. R., et al. (2020).
Gelatinization, pasting and retrogradation properties and molecular fine structure of
starches from seven cassava cultivars. Int. J. Biol. MACROMOL 150, 831–838. doi:
10.1016/j.ijbiomac.2020.02.119

Tong, C., Ahmed, S., Pang, Y., Zhou, X., and Bao, J. (2018). Fine structure and
gelatinization and pasting properties relationships among starches from pigmented
potatoes. Food Hydrocoll. 83, 45–52. doi: 10.1016/j.foodhyd.2018.04.036

Trung, P. T. B., Ngoc, L. B. B., Hoa, P. N., Tien, N. N. T., and Hung, P. V. (2017).
Impact of heat-moisture and annealing treatments on physicochemical properties and
digestibility of starches from different colored sweet potato varieties. Int. J. Biol.
Macromol. 105, 1071–1078. doi: 10.1016/j.ijbiomac.2017.07.131

Vamadevan, V., and Bertoft, E. (2018). Impact of different structural types of
amylopectin on retrogradation. Food Hydrocoll. 80, 88–96. doi: 10.1016/
j.foodhyd.2018.01.029

Wang, Li, Luo, H., Li, S., Liu, X., Pan, Y., and Xu, Y. (2017). Optimization of methods
for determining amylose and pullulan content in potatoes. Sci. Technol. Food Industry
38, 220–223.

Zeng, F.-K., Zhao, X., Zhou, T.-H., and Liu, G. (2012). Determination of amylose/
amylopectin content in potato by dual-wavelength colorimetry. Modern Food Sci.
Technol. 28, 119–122.

Zhang, C., Chen, S., Ren, X., Lu, Y., Liu, D., Cai, X., et al. (2017). Molecular structure
and physicochemical properties of starches from rice with different amylose contents
resulting from modification of OsGBSSI activity. J. AGR Food Chem. 65, 2222–2232.
doi: 10.1021/acs.jafc.6b05448

Zhang, M., Dang, P., Li, Y., Qin, X., and Siddique, K. M. (2022). Better tillage
selection before ridge–furrow film mulching can facilitate root proliferation, increase
nitrogen accumulation, translocation, grain yield of maize in a semiarid area. J. Integr.
AGR 36, 57–59. doi: 10.1016/j.jia.2022.08.037

Zhang, T., Yang, H., Yang, X., and Zhang, J. (2019). Determination and comparison
of starch, protein and anthocyanin contents of three potatoes. Shanxi Agric. Sci. 47,
560–562.

Zhang, Li, Zhang, J., Liu, P., and Dong, S. (2011). Distribution characteristics of
starch size of corn grain with different starch content. China Agric. Sci. 44, 1596–1602.

Zhong, X., Qiaojiao, X., Shengnan, W., Zhipeng, W., and Dan, Z. (2017).
Comparison of microstructure and thermodynamic properties of different varieties
of potato starch. Sci. Technol. Food Industry 38, 132–136.

Zhou, B. (2008). Potato research status and industrial development
countermeasures. Shanghai J. Agric. Sci. 3, 89–92.

Zhou, T. Y., Zhou, Q., Li, E. P., Yuan, L. M., Wang, W. L., Zhang, H., et al. (2020).
Effects of nitrogen fertilizer on structure and physicochemical properties of 'super' rice
starch. Carbohydr. Polym., 239, 116237. doi: 10.1016/j.carbpol.2020.116237

Zhu, F. (2018). Relationships between amylopectin internal molecular structure and
physicochemical properties of starch. Trends Food Sci. TECH 78, 234–242. doi:
10.1016/j.tifs.2018.05.024

Zhu, F., and Hao, C. (2018). Molecular structure of Maori potato starch. Food
Hydrocoll. 80, 206–211. doi: 10.1016/j.foodhyd.2018.02.004
frontiersin.org

https://doi.org/10.1016/j.foodchem.2016.12.074
https://doi.org/10.1021/jf504870p
https://doi.org/10.1016/j.foodres.2014.01.034
https://doi.org/10.1016/j.foodres.2014.01.034
https://doi.org/10.1016/j.foodhyd.2010.09.011
https://doi.org/10.1016/j.foodhyd.2010.09.011
https://doi.org/10.1016/j.foodchem.2006.01.054
https://doi.org/10.1016/j.carbpol.2020.117275
https://doi.org/10.1016/j.carbpol.2016.08.020
https://doi.org/10.1016/j.foodchem.2007.04.034
https://doi.org/10.1016/j.carbpol.2006.01.026
https://doi.org/10.1016/j.jcs.2017.05.004
https://doi.org/10.1016/j.foodchem.2010.12.037
https://doi.org/10.1016/j.carbpol.2018.06.021
https://doi.org/10.1016/j.jcs.2020.102925
https://doi.org/10.3136/fstr.22.687
https://doi.org/10.1016/S0144-8617(01)00332-0
https://doi.org/10.1016/j.foodhyd.2012.11.032
https://doi.org/10.1016/j.foodhyd.2012.11.032
https://doi.org/10.1016/j.foodchem.2013.06.080
https://doi.org/10.1016/S0308-8146(02)00416-8
https://doi.org/10.1016/j.foodhyd.2020.106074
https://doi.org/10.1016/j.ijbiomac.2020.02.119
https://doi.org/10.1016/j.foodhyd.2018.04.036
https://doi.org/10.1016/j.ijbiomac.2017.07.131
https://doi.org/10.1016/j.foodhyd.2018.01.029
https://doi.org/10.1016/j.foodhyd.2018.01.029
https://doi.org/10.1021/acs.jafc.6b05448
https://doi.org/10.1016/j.jia.2022.08.037
https://doi.org/10.1016/j.carbpol.2020.116237
https://doi.org/10.1016/j.tifs.2018.05.024
https://doi.org/10.1016/j.foodhyd.2018.02.004
https://doi.org/10.3389/fpls.2023.1111843
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Effects of different altitudes on the structure and properties of potato starch
	Introduction
	Material and methods
	Test material and cultivation management
	Experimental design
	Test methods
	Meteorological data

	Test methods
	Sample pretreatment
	Determination of starch composition

	Analysis of starch granule morphology and particle size
	Analysis of starch-chain length distribution
	Crystal structure analysis of starch
	Thermodynamic determination of starch
	Data analysis

	Results
	Effect of different altitude on starch composition of potato
	Morphological analysis of potato starch granules
	Particle size analysis of potato starch
	Comparison of fine structure of potato starch at different altitudes
	Effect of chain length distribution of potato starch amylopectin at different altitudes
	Effect of different altitudes on crystal structure of potato starch
	Effect of different altitude on thermodynamic properties of potato starch
	Principal component analysis of each component at different altitudes

	Discussion
	Effects of different altitudes on potato starch morphology and particle size distribution
	Effects of different altitudes on the chain length distribution of potato starch amylopectin
	Effects of different altitudes on the crystal structure of potato starch
	Effects of different altitudes on thermodynamic properties of potato starch

	Conclusion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


