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Almost all biomass of sago palm (Metroxylon sagu Rottb.) have been utilized by human beings,
especially sago leaf and leaflet which are very useful for thatch (Kiew, 1980; Yamamoto, 1998). Abe
(1994) reported that the durability of sago leaflet was related to leaflet structure.

In the Philippines, sago cultivation is supposed to spread out widely but due to population pressure,
most of the sago growing areas were converted to other crop production like rice. The remaining sago
palms abundantly found in the eastern and northern parts of Leyte, Philippines were utilized as source of
starch and mostly roofing materials (Quevedo et al., 2005). Okazaki et al. (2005) transplanted sago palms
from Tigbao, Dulag in the middle eastern part of Leyte to Pangasugan in the middle southern part of
Leyte, where the Cebuano-speaking people use buli palm (Corypha elata Roxb.) instead of sago palm for
extraction of starch and biomass utilization, and nipa (Nypa fiuticans Wurmb) leaflets for thatch.

The objective of this study is to elucidate the theoretical basis for outgoing utilization of sago
biomass and roofing materials for increasing income of sago producers.

Materials and Methods
1. Preparation of nipa and sago palm leaflet samples

Sago and nipa leaflet samples were taken from the 5th leaflet from the basal portion of 5 and 6 year-
old palms planted at the Pangasugan sago growing area of the Visayas State University on Aug. 29, 2009
and Aug. 24, 2010. All samples stocked in the vinyl bag which were kept in the refrigerator at 4°C were
brought to Japan and stored again in the refrigerator at 4°C before analysis. The remaining samples taken
on Aug. 29, 2009 were air-dried after analysis. The air-dried samples were packed in the paper bags,
stored for one year at room temperature and analyzed for the breaking resistance. The samples with and
without vein were snipped by a pair of scissors for the determination of the maximum breaking resistance
(Okazaki et al., 2010). These samples were stocked in the paper bags before analysis. Mean total nitrogen
content in sago leaflets (n = 27) taken in 2010 was 17.5 + 0.27 g kg DW.

2. Determination of maximum breaking resistance of leaflet samples

The sago and nipa leaflet samples (60 mm in length and 10 mm in width) were used for the
determination of the breaking resistance (gf unit) by A & D Company Tensilon RTM-25; load speed 100
mm min’', chart speed 500 mm hr'!, maximum load 5 kg in Sep. 2, 2010 and Feb. 22, 2011. The number
of sago and nipa leaflet samples were at least 10 in 2009 and 30 in 2010.
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Results

The mean maximum breaking resistance and standard deviation of total number of sago leaflet samples
with and without the strong main vein (n = 10), which were taken and determined in 2009, were 512.8 +
514.2 gf (gf = 0.00980865 N ) and 18.4 + 7.01 gf, respectively. Meanwhile the mean maximum breaking
resistance of nipa leaflet samples with and without the strong main vein (n = 9) taken and determined in
2009, were 1055 +997.0 gf and 17.4 + 20.6 gf, respectively. After one year, the mean maximum breaking
resistance of the samples stocked in the storage room at room temperature (Note: it is better specify the
room temperature) was 965.7 + 827.5 gf and 28.8 + 24.0 gf for the leaflets with and without vein of sago
palm and 936.6 = 620.4 gf and 86.4 + 54.3 gf for nipa leaflets, respectively. These results indicated that
the maximum breaking resistance of the mature nipa leaflets corresponded to five-year old sago leaflets
after transplanting of suckers, even though these samples were stocked at room temperature. The sago
leaflet samples taken in 2010 showed larger maximum breaking resistance values (1205.9 + 723.0 gf for
leaflets with vein and 87.1 £ 44.3 gf for leaflets without vein) than those of the leaflet samples taken in
2009. The nipa samples (1274.0 £ 691.5 gf for leaflets with vein and 210.0 £+ 151 .4gf for leaflets without
vein) also revealed larger values than those taken in 2009. No significant difference (Tukey-Kramer’s
HSD test at 95 % level) on the mean maximum breaking resistance between sago and nipa leaflets was
observed. The breaking resistance of sago leaflets with and without vein increased with increasing leaflet
weight, suggesting that the main vein of sago leaflet regulated its breaking resistance. The maximum
breaking resistance of sago leaflets in 2009 and 2010 rapidly increased with a polynomial approximation,
which indicated the physical development of sago leaflets accompanied with maturation. However, the
significant difference (Tukey-Kramer’s HSD test) between the mean maximum breaking resistance of
sago leaflets sampled in 2009 and 2010 was not present. The air-drying for a year at room temperature
increased the maximum breaking resistance of sago leaflets, from 514 gf to 966 gf in the mean value.
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[E] Y TY T OBRRBEOHMIZ, ZHEORERETE LLERY, HEROT 7

VINBICEBEICERT A, INETICYIVYOMRBREOEMEREL TEX N (ESR
5 2011) , KB TIIREZOMOEHRE 2B T 2L RERRTORESER AL LTS L
Ebiz, BT BRERLEOBREBRE L.

[$1El L O L] 2007 4£~2010 EI2)MT TA > RRUT, = b—o T HMOHE HET
WEEITo7=. Jayapura (ZHB W TR O ZEFE Para 3 4, Rondo 2 &A%, Ambon |ZF5
W R R O Z5FE Thur 2 A%, Tuni 2 A%, Mukah (238 TULHER] O RBAZEfE 6 A%,
Kendari (23 CULHER O ZZFE Molat 4 A&, Rotan 4 AEZFHERSE Lz (FF234). ik
Ak, BT —HE2ERL, wEAE L. RAAED, EEEICI 0
R S AEF A~ 0m (BHRET), 1m, 2m @ 3 #AI2BWT, HFEE 0~90cm £ TD
[H] T 30cmx30cmx30cm D HE T v 7 # 3R L. £ BT o v 7GR ERV H L,
Kikth, HEFEAZMEL, 0CT2 HUL LR, MHELZNE L. §ifls LOROK
WRE L, E#EKS (N, P, K, Mg, Ca) EAFE2MELE. £, iHoT 7
VEHRET AT VETHN LT,

[fERB LOEZE] ORO N FFFE, Ambon T Jayapura ([ZH_GEICE <, ZHEMT
A& |2 Rondo>Para, Rotan>Molat T&H Y, 0, 1, 2m ORI THEEZEIZ R ->727, 0-30cm
>30-60cm > 60-90cm & EE T EHEICIKA ~7- (Table 1). P & A RIIHHRERBIC NG
ARLEABLRAOHBEBEGREZ R L. K EAFRITHEICIHES > e cd v, Mk
[# A EIZ Ambon>Jayapura, Kendari>Mukah, ZEffi[#] T & (2 Rondo>Para, K7E
BTHEIZOM>1m>2m ThHo7-. Ca BAH RIS LOUHERH & L P LU Mg
EERLABLREOHBBEGREZ R L. OROBER S EH FITUEYIZ K>N>Ca>Mg
>P Tdhof (Table2). —F, FITIIN HEL, FEMICITIK & Ca BB FFEI LTV,
N, P, Mg BARIIMATEL LRIV ARICE» 27223, Ca BHRICITIB/EOMTH
BENBZLNRN-To. N EARITELHEHMOM T, PEFERITHELIROMT, KEFXR
IR & B OB T, Ca R RIFELRB LOE LT OB CERENAE L IEOHEBBF
ZmL7c (Table 3). QMR T V7V EFFREIPHBLV CaGARLIRICBNT 5%KHET
AEREOHMERERELZRL, ¥R LU C6 & WHEBEGRE L RS Hms e -7

(Table 4) .

LEX D, IROEHRNKSEAFRIIHK, £, BREMCEOH THERENDY, EL L
OB OB REH R EBERBEREZ TR L. SEERSy CTEARATMBENRRY,
Ty UERAFEORVEEEHT N, P, Mg 8FRIFARICEN-7275, Ca FEHRRICHER
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DERFR ST, TUTERRITP, Ca BARLERRBRERTEHMADH 7.
IR %5 U =7 2 (Metroxylon sagu Rottb.) DR RHE L B AR OB HARZ
TR 109 FEEMHE, AWFEERATFE (19405023) OBEKIC XV {Tbhi.

Table 1 Mineral nutrient concentrations in roots (g/kg).

Factor N P K Mg Ca
Growth Young trunk formation 34 a 09 a 84b 24 a 26a
stage Harvest 32a 10a 91a 10b 216b
Jayapura 31b l14a 76b 28a 32a
A Ambon 38a 03b 92a 21b 216b
Mukah 3a 03b 67b 12a 096b
Kendari 32a 17a I1l5a 08b 33 a
Para 28 b 16a 63b 28a 36a
Rondo 33a 12a 88a 27a 276b
Thur 35a 03a 97a 2la 29a
Variety Tuni 41 a 03a 87a 2la 130D
Unknown 3.1 0.3 6.7 1.2 0.9
Molat 31 b 14 a 107a 08a 32 a
Rotan 34a 15a 123 a 08 a 3.1 a
Hevisantal Om 32a 07b 103 a l6a 200D
direction Im 34a 10a 87b 18a 25 ab
2m 3.3 I.1a 72¢ 18 a 26 a
Vertical 0-30cm 39a 06b 93 a 1.7 a 23 a
direction 30-60cm 30b 08b 84 a 16a 21 a
60-90cm 28 ¢ 12a 87a 19a 26 a

Different alphabetical letters within column indicate significant difference at 5% level.

Table 2 Average mineral nutrient concentration in leaf, pith and roots at harvest.

N P K Mg Ca
Leaf 1042 a 091 a 6.40 b 0.93 a 221 a
Pith 1.59 ¢ 0.35¢ 6.44 b 0.61b 2.64 a
Roots 333 b 0.64 b 10.36 a 0.93 a 2.08 a
Different alphabetical letters within column indicate significant difference at 5%
level.
Table 3 Regression coefficients of each mineral
nutrient between leaf, pith and roots at harvest.
Pith Roots
N Leaf 0.643 * -0.026
Pith 0.264
p Leaf 0.494 0.581 *
Pith 0.243
K Leaf -0.202 -0.162
Pith 0.630 *
Me Leaf 0.392 0.562 *
Pith 0.521
Ca Leaf 0.583 * 0.855 #***
Pith 0.371
* and ***_ Significant at 5% and 0.1% levels,
respectively.

Table 4 Regression coefficents between starch concentration in pith and mineral
nutrient concentration in leaf, pith and roots at harvest.

N P K Mg Ca
Leaf 0.100 0.409 0.031 -0.401 0.483
Pith 0.465 0.474 -0.082 -0.302 0.102
Roots -0.060 0.590 * 0.432 0.129 0.571 *

* Significant at 5% level.
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Introduction

The sago palm (Metroxylon sagu) is found in the humid areas of Southeast Asia and Oceania producing
large amounts of starch for food and non-food uses. The structure and gelatinization properties of starches are
evaluated using X-ray diffraction and differential scanning calorimetry. In this study the thermally stimulated
depolarization current (TSDC) technique is utilized in this study to evaluate molecular relaxations related to glass
transition phenomena, sub-glass transitions and other molecular migrations in starch because it uses molecular
mobility detected as depolarization currents (=1 x 107° A) as a means of accessing structural information

unobtainable by other techniques.

Materials and methods

A total of 3 starches characterized as traditionally extracted PH (Philippines), PNG1&2 (Papua New
Guinea) were used in this study. The gelatinization was measured using ThermoPlus2 DSC8230 (Rigaku) with 5 mg
samples added with 10.8 ul distilled water measured from 10 C to 100 ‘C. X-ray powder diffraction were
measured using the Smartlab X-ray diffractometer (Rigaku) equipped with a Ni filter CuKa (1 = 1.541 A) operating
at 45 kV/200 mA, scanning (20) from 3° to 60° at a rate of 2° per minute. The crystallite sizes were calculated using
the Scherrer’s equation. The thermally stimulated depolarization currents (TSDC) were measured using the
TS-POLAR (Rigaku). Polarization conditions of the 20 mg starch tablets were 70 “C, applied with 1.0 x 10° V/m
electrical field and quenched to -30 C at 10 "C/min in the presence of electric field to freeze the dipole orientation.
The electrical field was removed and heated up to 100 °C at 10 “C/min and measured the depolarization current

produced caused by relaxation of the molecular dipoles from an order — disorder phenomena.

Results and discussion

Figure 1 shows the gelatinization of the sago starches used in this study.
The initial temperatures (T;) varied from 66.2 C to 70.2 “C and the end
temperatures (T,.) were from 76.0 C to 79.6 C. The peak temperatures

ranged from 70.3 C to 72.7 "C and enthalpies ( A H) were found ) ﬁ/ﬁ

between -5.11 J/g to -5.81 J/g with PNG2 as the highest. The change in . R N |

temperature (AT = T,- T}) ranged from 6.7 'C (PNG2) to 11.7 C (PH). s o
frgare 1o elatinization patiems ol sago
starches used in this studv

Sample PH showed a broader peak pattern than PNG2 indicating a difference in the

ordered structure within the starch granule with PNG2 suggesting a more stable and stronger amylopectin structure.
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The X-ray diffraction patterns of the sago starches used in this study are
showed in Figure 2a. Diffraction patterns showed similar patterns but differ in
intensity suggesting a difference in percent crystallinity. X-ray diffraction
patterns are characterized by a single peak at 15° a doublet at 17° and 18°
and a single peak at 23° indicating an A-like C-type pattern (Ahmad, et. al.,
1999). Figure 2b show Crystallite sizes of the sago starches and large
crystallites were found in PNG2 at 11°, 20°, 26°, 30° and 33°. It confirmed
the DSC results that PNG2 have larger crystallites indicating a stable and
stronger structure.

The TSDC thermograms are showed in Figure 3a and Figure 3b.
Preliminary results measured from -130 °C to 100 C is shown in Figure 3a.
A total of 4 molecular motions were found at -124.5 "C, -63.6 C,29 C
and 71 “C. Molecular motions below 0 °C are translational motions
constrained at sub-T, temperatures and side group localized motions
(BeMiller and Whistler, 2009) could be identified at sub-glass transitions.
These molecular relaxations are highly reproducible regardless of sample.
TSDC thermograms measured from -30 “C to 100 C are shown in Figure
3b. Results show molecular motions at 30 “C which are weakly constrained
motions due to the presence of water and may vary with particle size. Since
the molecular motions at 65 “C to 70 C are below the gelatinization peak
temperatures, it may be possibly identified as glass transition phenomena and

their peak heights could be differences in amorphous content.

Conclusion
The DSC and the XRD successfully measured the differences in
gelatinization temperatures as well as structure of the sago starches used in

this study. Moreover, the thermally stimulated depolarization current is an

effective tool in the measurement of glass transition where in some cases, such
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study measured from -30 C w100 T

as the starch, quite impossible to be characterized using the differential scanning calorimetry. Comparing the DSC

and the TSDC results, it could be that the glass transition phenomena of the sago starches were overlapped near the

gelatinization temperatures. The TSDC also successfully measured the molecular migrations due to constrained water

and sub-glass transition phenomena or very low molecular relaxations in the very low temperature regions. Further

studies on plasticized starches with uniform moisture content will be conducted in the future.
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Sago palm, the starch producing palm, is distributed in Southeast Asia including South Thailand.
This palm is one of the dominant species in tropical swampy and peaty soil which generally contains
high exchangeable Al, it is therefore considered to be tolerant to Al. In our previous study, the AI**
concentration increased under lower pH treatments in all the plant parts of sago palm. At same time,
we found that the K' concentration increased, while the Ca®" and Mg®" concentrations slightly
decreased under lower pH treatments in almost all the plant parts (Anugoolprasert et al., 2008).
However, few studies on the storing characteristics of AI’" and the other nutrients in sago palm
grown in its natural habitat exist. In this study, the AI’* and some nutrient concentrations were
analyzed to make clear the nutrient uptake and translocation in sago palm grown at different levels
of soil pH condition in the natural habitat in South Thailand.

Materials and Methods The pH and some nutrient concentrations in soil solution of three sites
in South Thailand were measured (Fig.1). The 3rd leaf position from the top, the unexpanded leaf
and the roots of the 3 plants from each site were sampled. The dried leaf sample from the top of each
plant was divided into the leaflets, rachis, petiole and leaf sheath. The dried roots also divided into
stele, cortex of adventitious roots and lateral roots. All of the plant parts were ground to use for
analysis of the nutrient concentrations by ion chromatography.

Results and Discussion The nutrient concentrations in soil are shown in Table 1. Almost all the
nutrient concentrations in soil were highest at site 1 (pH 7.0) and followed by site 3 (pH 4.3) and 2
(pH 4.4). Nevertheless, the concentration of nutrients, responsible for salinization (Na, Ca, Mg and
Cl), in soil at site 1 was higher than that the other 2 sites, contrarily the Al concentration was higher
in soil at site 2 and 3 than that at site 1. Fig. 2 shows some nutrient concentrations in all the plant
parts. The concentration of AI’* in the top parts was not
so high in any sampling site. At all the sites, sago palm
stored AI’" in the cortex of adventitious roots and
lateral roots. The SO,~ concentration in the plant parts
was also similar with the AI’" result and the tendency
was in agreement with our laboratory level study. It
was considered that sago palm might prevent the AI**
and SO,” influx at the endodermis layer. The
difference in Ca”" concentration in the almost all the
plant parts of three sites was small, even though this
ion concentration in soil was quite different. Sago palm
might have some mechanism to maintain for uptake the
essential element even under the strong acidity soil in
the natural habitat. The P concentration in all the parts
of plant at site 2 and 3 was extremely higher than that
at site 1, though the available P in soil was not different
in all the sites. This result may be one of the important
factors for adapting to grow in the low pH soil.

Fig. 1. Research area and sampling
site in South Thailand.
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As described above, the current results of the field study showed some tendencies of the nutrient
uptake and translocation in plant tissues of sago palm in its natural habitat which were almost similar
with those results from our experimental study at laboratory level.

Table 1. Soil chemical properties at three sampling sites.

Sampling Latitude and Nutrient concentration in soil
(mgkg')  (mgSkg') (mgkg')  (mgke!)  (mgkg")  (mgkg!)  (mgkg!) (mgkgh)

Site | 9°16.083'N, 99°47.967E 7.0 45 1156 612.4 835.0 90.0 3196.0 680.0 4.0 0.2
Site 2 7°7.45N, 100°13.51'E 4.4 135.0 6.2 - 74.0 50.0 196.0 40.0 5.0 0.1
Site 3 785N, 100°15.21'E 4.3 145.0 21.9 - 86.0 80.0 716.0 90.0 8.0 0.2

50

40

30

20

A" concentration (umol g™)

50

25

Ca”" concentration (umol g'])

=]

P concentration (mg g‘])

Unex- As Ac L
panded Leaf
Leaflet leaf Rachis | Petiole | Sheath Root

Fig. 2. The AI’*, Ca’ and P concentrations in leaflets, unexpanded leaf, rachis, petiole, leaf sheath
and different parts of roots [stele (As) and cortex (Ac) of adventitious roots and lateral roots (L)] at
three sampling side. [, Site 1 ; [, Site 2 ; M, Site 3. Vertical lines indicate the standard deviation
(n=3). Different letters in the figure indicate significant differences in each part among the three
sampling sites at the 0.05 level by the Tukey-Kramer test.

Anugoolprasert et al. 2008. The 17th Conference of the Society of Sago Palm Studies, 71-72.
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HHES AEZE fiE F& BEx EWME RE #ZPYHI-YURIE
(g) (cm) (cm) (mm) (g) (g) (%)
1 113.6 18.8 13.2 13.7 105.1 35 33.3
2 1281 21.7 12.8 15.1 118.5 40 338
3 379.3 19.5 13.9 32.9 350.9 111 31.6
4 426.2 22.0 14.1 32.8 394.2 126 32.0
5 331.8 17.9 14.2 28.0 306.9 98 31.9
6 140.8 22.0 13.1 18.8 130.2 44 33.8
7 133.2 215 13.4 13.3 123.2 41 33.3
8 1329 221 13.3 17.2 122.9 41 33.4
9 210.3 13.6 14.9 225 194.5 64 32.9
10 290.2 18.2 15.4 23.9 268.4 87 32.4
11 310.6 18.1 14.8 27.2 287.3 91 31.7
12 372.1 13.0 15.4 33.2 344.2 105 30.5
13 555.1 19.0 15.3 35.0 513.5 156 30.4
14 459.7 19.2 14.7 31.9 4252 129 30.3
15 332.7 18.7 11.9 30.2 307.7 92 29.9
16 321.6 18.2 11.8 34.5 297.5 93 31.3
17 288.4 15.7 11.8 30.2 266.8 81 304
18 183.1 175 13.0 20.4 169.4 57 33.7
19 246.6 19.9 12.4 221 228.1 75 32.9
20 198.3 21.0 8.8 21.0 183.4 61 33.3
21 198.3 215 8.8 20.9 183.4 54 29.4
22 144.4 18.8 15.7 15.9 133.6 45 33:1
23 150.0 19.2 15.8 13.4 138.8 47 33.9
S 262.9 19.0 13.4 24.1 243.2 77 32.2
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Weeds in sago palm plantation

-Case study in Tebintinggi Island, Riau, Indonesia-

Shuhei Irie * Ken-ichi Kakuda + Yuka Sasaki + Ho Ando

Faculty of Agriculture, Yamagata University
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I TR R ERICB O T ORI FTRE TH 5708, BRSO EZ D S HEE L OF
BRIV UREEICBWTHBE L RO AR H D, L L., I oo MR A
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MVOEBRRMEOY I T 0T —va BT, $IX¥VDEFTRT—Y LI
MR O - WhE - BEOR S ZWE L.
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OfEH : 41 KR T7 VT OMbabr T4 o XBYIYSTI7 07— a Y OFE
Red : 2009427 A, 20104E 7 A, 11 AQFERMY - EMk7/7AB 1@, EWMES
F£H 1M, Ef% 10FEE 8EI@HENE  EML 7 H BOBE IR
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1.5m, 54H & 104H TIX 2.0m Lo 7, ¥ OfEIZT7 » AHT0.8m, 54HT
3.2m, 104EH T6.4m Th-o7= (X3),
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Diverse use of Sago and related miscellaneous bio-resources
A case study of Kraimbit village, East Sepik province of Papua New Guinea

Nonaka K. ', Kumagai K.? and Shinmoto M.
31Cc:;llegf: of Arts, Rikkyo University, “Faculty of Letters and Education, Ochanomizu University,

3Graduate School of integrated Arts and Sciences, Hiroshima University
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Utilization of Sago Starch on Swiss roll

OTomoko Kondo", Hitomi Shirato", Kazuko Hirao”, Setsuko Takahashi'

YFaculty of Home Economics, Kyoritsu Women’s University, >’Aikoku Gakuen Junior College
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