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POPULATION OF SECRETORY CELLS AND SYNTHETIC
ACTIVITIES IN MAMMARY GLAND OF LACTATING SHEEP
AFTER CONSUMING Sauropus androgynus (L.) Merr. LEAVES

A. Suprayegi’, L. ter Mealen”', T. Ungerer™, & W, Manah™

ABSTRACT

Thirty-frve Lackating cwes weee divided Intee Toar groups
and miven Sauroprs andragmas (54) lesf eitrct solutdon at LE2?
g'day orally twice a day {SAY-gronp), SA beaf powder sobution st T.44
piday (SAp-gromp), distilied walty (eomirol-grony), and wméremicd
group. Milk yiekd was messured. Afler 14 wnd 35 days, half of the
udders were exvived and the DNA and RNA deteemimed. SAp
admimisiration Increased tetal milk yield for 35 days admisbtvation
(E=U0S), compured to the comdrol valmes The popwistion of
secretury cells (ool DNA) aed symthetic nctivities (tolal BN A} were
ubse dncreased sipniBeandly (P<008) by 54 leaves administration for
14 days

Kenrmardy © Sawroous aadrogimmy, mlk swithesiz. DNA BEXA

muropus  androgyenes (SA),  a member  of

Fuphorbiacear family, is a leafy shnub found in

Malaysia, Indonesia, South-west China and Vietnam
(Padmavarhi & Rao, 1990). Tn Indonesia, the leaves of this
plant are conunonly msed a5 a vegeltable and have
[ropenics a5 stimulams n mother's bweast feading
(Secparto, 1994}

The SA legvies can also siimulate milk produchion
in lactating raminants (Supravogi, 1993). It has however
ot been established if the SA leawes influence milk
synthesis process threugh improving the population of
secretory cells and symthetic activities in the mammary
gland or through an improvement in the nutrient supply to
on the active compounds in SA leaves is sl scaree.

This experiment was carried out fo detetnine Lhe
infiuence of eher the powder of SA leaves (SAp) or SA
leaf alcohol extract (SAx) on the population of secretory
cells (as indicated by total deoxyribonacleic acd, DNA)
atd synthetic actvities (as indicated by total ribenucieic
acid. BN A) in the mammary gland, and its ellect on milk
vield,

METHOD
Animals and Housing

This experiment was camied omt from March
1998 until July 1999 at the Faculty of Veterinary Medicine

= Litc-Boicnos Intauniversity Cender, Bogor Apriculural Univeesily,
Bogoe 16680, Indonenia

¢ st ibole o Animal Physiology and Animal Mulrtion, Goorg- Aungest
Ulniversily Gu-tingen, Kellnerweg £, 3707T-Go-tlingen, Germany

+++Diepariment of Fhygulogy aed Pharmacalezy, Facully of Veerinary
Medicine-IPE, Bogor 16680, Indenasia

and Life-Sciences  Inlcnwdversity  Center,  Bogor
Agricultnsal University, Begor-Indonesia, This experiment
was conducted during the hot (25.50 -+ 3.02 °C) and hymid
(69.85 + 9.05 % relative hutidity) season.

Thirty-five first lactating javanese Thin-Tailed
ewes with 8 mean body weight of 20.20 + 2.03 ke and age
of 1.5 10 2.0 yeury af the frst week of lactation were used.
All ewes had twins gl parunlion, and were placed in
individual cages. Thc Javancse thin-Tailed sheep is
nomally used as a medel of lactating ryminanis
{Sumarvadi. 1997, Manalu & Sumaryadi, 1998), although
it it a meat-type, it is well moogmised for ils high
protificacy (Bradford ef of , 1986; Sutama of of . 1988).

Animal Feeding

Each cwe in the indradual cape was fad a mmxed
concentrate and dry chopped elephant grass ad Fbitum.
Water was available freely. Elephant grass was given @t
06:30 h umtil mid-day aod then was replaced with
conceniraie until late afternoon, and finally it was replaced
again with the elephant grass overnight,

Preparation of 54 Leaf Powder and Extract Solution

Fresh SA leaves from the local markets around
Bogor were dried in an automatic oven at 60°C overnight.
The dry leaves were ground to powder (SAp), and the
powder was extracied to produce the thick SA leaf extract.
{SAx).

Extraction method of SA leaves was as described
by Santoso ei al. (1997), using 70 % alcohol as a solvenl.
The extract was evalumed nsing the pharmacentical test
standard (Yuliani & Marwad, 1297). and was found to
have no toxic effects on {he laboratory animial from acute
amd subacute doses (Santoso £f af | 1997},

This method uses a maceration technique, as
follows: BS grams of SA leaf powder were mixed with |
litter of 70 % alcohol, stred for vp to 9 howurs and then the
mixture was stored for 24 hours. The muxture was fillered
and the liquid exitact was evaporated using a rotary-
gvapotator ai the temperature of S0°C to produce the thick
exiract

SA lesf extract solution (5 %) was made by
thssolving 5 g of SA leaf exivact in 100 ml disnlled water
and SA leaf powder sohmion (1% %) was made by
dissolving 18 g of SA leaf powder in 100 mi distlled
waler.



P
Experimental Deyign

Thirty-five lactating ewes were divided o four
groups and fed concenirale and dry clephamt grass for 35
days. Each group was given cither SA leaf extract solution
at 182 giday orally twice a day (SAx-group:. 10 ewes), SA
leaf powder solution at 7.44 g/day (SAp-group; 10 cwes),
distilled water (control-group; 10 ewes), or unireated (5
ewes), The cxpenimental design was  completely
randomscd (Steel & Tormie, 19307,

Milk Yield Meawrement

Milk yield was measurcd using a plass-measuring
¢vhinder. The ewes were hand mifked, twice a dax at 0700
h and at 16:00 k.

Mammary Total DNA and RNA Measurement

Affer 14 and 35 days the ¢wes were slanghtered.
half of the uddcts were oxcised. The mammary gland was
isolated by trimming the skin, subcwancous fat, and
removing milk inside the gland The isolated mammary
gland was frozen to facilitate slicing The thinly sliced
manttary gland samples were soaked m 90 %, ethanol for
48 b, and then with dicthyl-ether for a further 48 hows
until the glands becames free of far. The fat-froc slicod
matnimary gland samples obtained were dried at 52°C for
4% h.. and then ground to make a Sinc powder for use in
the determinations of mammary chemical indices,

DNA of mammary gland was determined by p-
nitrophenylhydrazine (Sipma: N-E880, 1996) reaction.
RENA of mammary gland was deicrmined by the orcinol
{Stgma; O-1873, 1996) reaction as described by Manalo &
Sumarvadi (1993).

Data Analvsiy

Analysis of variance (ANOWVA) was used 10
determine the difference between the ucatmenl means
(Snedecor & Cochran, 1982) A probability (P) value less
than 0.05 was accepted as significantly different. Dmncan's
multiple range test {Sieel & Tomie, 1980) was used to
determine diffcrences betwesn the treatment means.

RESILTS AND TMSCUSSION

The concentrate and elephant grass inlakes were
88050 (+45.75) and 46080 (+ 38 35) g of dry matter,
respectively. The daily nutrient imtake was close 1o the
hutrient requiremetts of ewes per day, according to NRC
{1985} recommendaticns for lactating ewes suckling fwing
in the first 6-8 weeks of lactation

SAp and SAx administration ingreased total milk
yvield for 35 days by 7.75 % and 089 % (F=0.05),
respectively compared 10 the control vahees of 17 %9 litres
(Table 1), The mammary cell mumbers (total DNA) and
synthetic activitics (total EMNA) were also increased

Slgl‘llﬁf.‘:atll.l} (B=0.05}) h"l‘ 8A leaf administracci wor o=+
cirys, The SAp adminigrarion had a higher contribmtion to
the increase in total DNA and RNA than 5A4x
adrmimisiration of respectively, 72,84 % vs 2593 % in
DNA and 11297 % vs 47.28 % m RNA, compared 10 the
corirol valacs of 081 g in towal DMA and 2.39 2 in wial
RMNA (Table 2).

The pessiblc reason of the enbancoment of milk
yield was due to the incrcasc in the proliferation of
mammary gland cells snd their synthetic activitics as
indicaied by an increase in total mammary DNA and RNA
(Mimala & Sumaryadi, 1998). Frobably, the SA-leal
active compownds mdght directly or indirectly modulate,
prior lo Iactopenesis and lactation. hormones such as
prolactin (PRL), growth hormone {GH), glucocorticoids,
thyroid hormone. prostaglanding and oxytocin,  ‘These
bormones directly stimulate the sswhesis of DNA and
RNA in the lactating mammary sccretory cells (Shio &
Friesen. 1980}, Further studies should be carried out to
adentify chemicat substances in the $A leaves, which play
an impertant role direcily or indircctly inmilk synehesis,
Table 1. Weekly menn milk yicdd, iotai yleld for 35 duys, und

percentages imcrease im yield of lactating cwes given SA Jeal
crtracd (5A ) wwd SA lenyes puwder (SAg).

Mean Weekly Mean daily milk vield per ez
vidd (ltres - 5D} iiincon)
Cemro] Torougs BAxLiroup 5 Ap-Liroup
0 week * 0. 43+0.06 Cod3 ) 008 U A2+ 05
1° wock 0501 0.04 G501 009 [+ 04
™ waek b 53+0.07 51 +0.08 N.5640.07
3 ek (5205 G5 1+H09 057 10k
A wead 11_SeH1 1] 0.52-0.08 0.55-0,05
fwock 044000 11.48_0, 14) 0,52 - 0.0
Todal Milk T 18.05 19,27
Vield ~236 =312 LG
For 35 davs
) Tcense in 0.00 0.82 T
Mk Yickd

* Mean milk vield betirs starting troatment, or o otk vield for the
Brat wook of lactation.

Tablel. Tvlowi sumenanury bl deosyriboouckic wed {DNAJ and
total rdbonocdcic acid (RN A} of lactatng cwea gven SAx,

SAp, And PPV
Duration of Lirgap Mean mammars tatal l':I'NA and BN A
traatrncht g = 851y
TIN A, BMA
Vinirested fhd) i 01 LU 4073
i ek hacativey
14 Duvs Control OR1 1005 1A nE
(¥ wocks - S 20 T8 1100
lactation) EET L.40 - 43t X RN
1% Tiys Cantral 096 +0.20 457276
(3" wocks - BAx 0S8R 0032 4,55 1 184
lactation) SAp L0 1L 02T 488 + 234

¥ Mcans with ne common superorpt {5 T oin he same oolemn are
significantly differant (=005}



The rcason for the lower milk wicld by SaAx
administration compered to SAp adminisiration is thar the
chemical active compounds in the 70 % alcohol extract are
ool gquanditatively and qualimtively compleiely available as
m the powder form Therele the biological effect of the
active compounwds, in the SAx were nof  maximal
Probably, additon of higher doses of the SAx could
improve biological responsc.

CONCLUSIONS

The enhancement of milk weld in the laciating
mammary gland cam be due to an increase i the
popmlation of secretory cells (ioial DNA) and the symthetic
activities (tptal ENA). The hipher conmibution on the
biotogical effect ocomrred from SAp admindistration than
SAx administration.  Further siudics on the infloence of
the SA leaves adiministration on the improvement of
nutrient supply to the mammary gland needs 10 be
conducted,
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THE PROFILES OF WEEKLY PROGESTERONE AND STRADIOL.
CONCENTRATIONS DURING PREGNANCY IN EWES ;
2. THEIR CORRELATIONS WITH MAMMARY GROWTH
INDICES AT PARTURITION

M.Y. Sumarvaci® & W. Manalu**

ABSTRACT

Fikeen pregmant (9 and 6 carrving x single wnd mubtiple fetuses,
respictively) apd S ponpregnent ewes, &s 2 comtrel, were uscd to ytudy
the corrciations of weekly maternal serwm progesterone amd estradiol
conceniratioas during pregnancy wikh mammary growth indices at
parturitien. Blood ssssplis were drawn wookdy (weels 0 o 20) doring
gesiation period for dederminstion of progesierone and esiradiol
cencentrathns. The experimental ewes were sacrificed s partmrition to
determine mammary growth mddices (mammary dry [nf-free Hssne
[DFFT], DNA, RNA, and collagen). Concentrathims of progesterone ai
week | amd weeds 3 ta 19 of pregamncy positively correlated with
rumssy DFFT, BNA, and BNA ui partorition.  Mutemal serum
propesterone concemirations =t weels 1. 3 amed weeks & to 20 of
preymancy postiively correiated wikh mammary collagen at
Concemtrations of eairadiol at weeks 5, 7. 9, and 11 s 20 posliively
correlated with the mammary DFFI, DNA, RNA, and <ollagen at
partarition. The hipher the mternnd serum progesierons and estradiol
colcratnations during preproocy the preater the marsayy Frowth amd
devdopment at partorition.

Feywords | progedontie, ertradicd, mammary geonath, prapnancy, sleop

dramatically with the chanpes in ovarian activity during
the estrous ovcle and pregnancy. In ovine, secretion of
estradiol mereases during procstrows aloag with the maturation
of the foilicle m the ovary, then decreascs significantly during
the embryonal stage of pregnancy, and mcreases precipitousty
during the fetal stage of pregnancy umtil parturition (Limo ez
al, 1976, Pant e af, 1977, Manaln et af, 199).
Progesterone increases 2 days after ovulation, and il shows a
marked rise from day 5 to a peak between days 7 and 13 {(Unio
ef af., 1976, Pant of af., 1977). It emams almost stable during
the first 7 weeks of pregrancy snd ncreases dramatically alter
weik B of pregnancy (Butler ef af, 1981; Manalu et af., 1996).
During the hutcal phase of estrous cvele and the
embryonal stage of pregnancy, maternal serum progesierone
concentrations are pesitively correlated with the number of
corpora htea (Quirke et af., 1979). During the fetal stags of
pregnancy in goats and sheep (when the placemta is fumctional),
progesterone ad estradiol (Manah ef 2f, 1996), and placental
lactogen (Have'zn et af , 1979, Hayden er af., 1980; Buller o2
af.. 1981) alsa increases with the increased fital nomber

Secrfikms of estradiol and - progesterone increasc

*  Laborstory of Physiclogy and Reproduchion. Faculty of Animal Scrence.
Jenderal Sudiman University. PO Box. 119 Pursokerto. Indonesa

** Comesponding, author © Department of Physiclogy and Pharmncology.
Faculty of Vaterinary hMedicine. Bogor Agricuttural Uhiversiy. Jalan
Taman Kevama THo. 3 Bogor 161531, Tndoncsia

Mammary gland growth and developmwn! durmg
pregnancy in ovine starts during the estrons cycle, slowly
progresses bl the fst throo months of gestation and
dramatically increases during the last two moniths of gestation
{Anderson, 1975, Anderson el af.. 1981) arotmnd the tme when
the placenta significantly scoretes progesterone (Ricketts &
Flint, 1980; Sheldrick et al., 1981), and placcatal laciogen
(Hayden ef al., 1979, Havden et al, 1980; Butler et af., 1981).

Temporal changes in mammogenic hormones
sccrctions relatmg to pregnancy seom to comelate well with the
mammary growth pattern m ovine. Tho prescot stody was
designad to determine temporal chmges m maternal serum
progesteronc concentration during pregnancy apd mamymary
gland growth and development at parturilion in ewes.

METHODS
Experimenial Conditions and Animals

This experiment was comducted during the hot (25 to
32°C) and wet {70 to 80% relative bumidity) scason in the
hummid tropics of [ndonesia. Hxperimental animals were 20
Javanese thin-tail ewes (5. 9, 4, and 2 ewes carrying 0. 1, 2,
and 3 fetuses, respectively) with similar body weight (20 o 22
kg) and age (2 to3 vears) atbreeding  Javanese thin-lail sheep
iz a mesl-type mdigenous breed well recopnized for its high
prolificacy (Bradford er of., 1986; Sutama ef ol , 1988). The
experimental ewes were injected twice with PGF;, (1.m) at an
11-day interval. Three days afler the last injection, 15 ewes
were maled namrally by group breeding.

Blood Sampling and Processing

Ten ml of blood samples wers drawn with plain
vacutziner or sterile syringes from the jugular vein berween
{900 and 1000 h. The first Wlood samples were taken one day
after the last prostaglandin injection {weck 0 of pregnancy),
and 10 days later (seven days after the predicted ovulation, s
the end of week 1 of pregnancy). Additional blood samples
were drawn weekly on Thursday omtil parturition. Blood
samples were allowed to clot in 2 cool ice box, centnfuged to
separate serum, which was thed [rozen for estradiol and
progesicrons analyses. At parturition the experimental ewes
were sacrificed for detenmination of mammary gland growth
and development at the begmming of lactation,



Progesterone, Estradiol, and Mammary Gland Analyses

The concenration of seruni progesiorone was
measurnd in doplicate by solid-phase radivimmnnosssay
{Diagnostic Products Corporstion, Loz Angeles, CA) using
T -progesteranc as a tracer, with & slight modification to
accommodate wide ranges of progesterone concentrations
preguant ivine {Manadu or of . 1996}, The progesterone awsay
used the whole serinm without prios ether oxiraction. The
radioactivitics of I' ~-progesterens-bound tubes were counted
with an auwtomatic gamima cowater. The lowest and highest
himits of semsitivity of assay were 0.] aond 20 ng/ml,
respectively.  Therefore, the concentrations of standard
rrogesterone wsed 1o construct the standard curve ranged fiom
0110 20 ng/ml. A sample volumne of 100 md serun was used
in the assay of smnples with progesturone concentrationy
ranged from 0.] to 20 ngfml. For samples with progesterone
womcentrations lower than 0.1 wg/ml, sample volome was
increased o 200 ml.  For samples with progesterone
concentrations higher than 20 ng/ml, sample volume was
reduced to 50 ml.  Tnler- and infra-assay coefficients of
varalion wore 6. and 4%, respectively.  Coacentrahions of
progesiecons were parallzl in the sample volomes of 50, 100,
and 200 ml

The concentration of serum estradiol was measwred
in doplicate by the solid-phase technigque radioimmunosssay
(Dhagnostic Products Corporation, Los Angeles. CA) peing
I'Pgsiradiol as a fracer, with a slight modification o
accommokdate wide ranges of estradio] concentrations in
pregnant ovine (Mmalu zf g/, 1996). The estradicl assay used
the whol: serum without prier ether extraction. The
radivactivites of I'=estradiol-bonnd nibes were covnted with
an sicmatic gamia counler. The lowest ad bighest hmits of
sensitivity of assay werg 20 and 150 pg/ml, respectively.
Thercfore. the concenirations of standard csiradiol nsed 1o
comstruct the standapd curve rmged from 20 1o 150 pg/ml. A
sample vohmme of 100 m] serim was used in the assay for
stmplea with estradiol concenirations raspged from 20 to 150
pg/ml. For samples with estradiol concentrations Jower than
20 pg/ml, sample volume was moreased to 200 to 300 ml w
bring the cstradio] concentrations o the range of vimmdlard uscd.
For samples with cetradiol concentrations higher then 150
pe/ml sample volwme was decreased (v 50 ml 10 brmg the
esiradiol concentrations to the renge of standard wsed. Al
zsamples’ estradiol copcentrations wers within the ranpe of
concentrations of slandard cstradiol wsed to conswoct the
standard corve. Trier- and mtra-assay variations cocfBckmnis
ware 7 and 5.0%, respecitvely. The concentrations of estradiol
wete parallct in the sample volumes of 50, 100, 200 aod 300
ml.

Dy tat-free tinsue (DFFT), DINA, RNA ad collagen
are indices peed to determing mummary gland growth and
development. Dry fat-free tissue (DEFT) was measurcd by
modification of method deseribed hy Anderson (1975). Hall
the wdder was exvised and the manmimary gland was solated by
tramouing skin axd subculaseons Tt and removing milk nside
the gland. The isclated mammary gland was frozen for casy

5

sheing, The thinly sheed marmmary gland was svancd 1
ethanol for 48 br and then with dicthy] etlier (48 hr)y waril the
glands hegame frec of fat, and Uem dricd a1 30°C for 24 h o
obtain DFFT. The DEFFT was then ground to make a fmg
powder 1o bo uwsed for mammary olwmical ipdices
determinations. Mamamary DNA was deterouuned by p-
nifrophenythydrazane reaction (Webb & Levy. 1955), RNA by
orcinol reactive (Albaum & Umbreit, 1947), collagon by
teasuring hydroxyproline (Woessner, 1961).

Statistical Analynes |

Weekly cstradiol asd progesterone comconivatings
durihg pregmancy wors regressad with mammary DFTT, DNA,
ENA and collagan at parturition ysing simplc regression aud
correlation analyses (Neter o af, 19835).

RESULTS

The profile ol maternal screm  propesierone
concentration during pregnancy in the experimental ewes is
sctout in Figwe 1. Progesierone concentration slowly
increased during the firel 8 weeks of pregancy. After that, 11
increased rapidly and reached pesk comcentiations arcund
woeks 12 to 16 of preguancy and then it decrepsed owar
parturibon. - In the ewez carrying  multiple - fetuses,
concentrations of propesterone were distinctly higher than in
those carrving # single fetns, and the greatest differences
ocenrmed during weeks 12 1o 16 of pregnancy.

The profile of cetradicl concentrations in the maternal
senun during pregnancy i the experimental ewes is depicted
ih Figmre 2. The concentrations of estradiol were constanity
low durmg the first § weeks of pregnancy. After week 8 of
pregnancy, estradiol concentration m the pregnapl ewes
eonstantly increased vmtil partursbon, spd being hipher i the
higher litier szzc. Tn the ewes carying mubtiple femses, the
vongentrations of cstradiol were distinctly higher than in thoss
carrying a single fetus, and the preatest differences occired
during weeks 12 to 20 of pregnancy,
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Figere 1. Weelly scruen progesternme comconimathns during
Preasiey s the monpresnamt ewes (i), ewes ewrrying
simple (D) amd maltiple (W) fetnoes ta Javamese i tuil

sheep.
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Figure 2. Weekly scrum endradiol soncentrations dusmp progancy' i the
Tempregnanl Ses (), ewes CATyg u smyele (TF) and muttiple
() fefiizes in Javeasess thim-tail dacep.
Tablel. Mesn (+5E) mammary DFFT amd total mamunary DNA, RNA,

wan] collagra contents s protnrition m ee nompregrian ewes,
ewed carryiing & vingls sad molteple fctuses
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Avierape mammary DFFT and its componsnt were
ahsobutcly lower in nonpregoant Gum i progaat ewcs { Table
{). However, in pregnanl cwes ¢amying mulopls fetses,
manmary DFF T, wlal mammary DNA, and RNA contents
were higher than in thos: carTying a singl folus, excopt for the
total mammary collagen content,

The conrelations of weckly progesteronc concentralions
in the materoal semm with mammacy DFFT. IINA, RNA, and
collzpen are prescnted m Table 2. In gemersl, the
coocenttation of progestcrone at week 0 and 2 of preguancy
did not corelate with any mammary growth mdices al
parturtion,

The concentrations of progesternac at week 1 and
weeks 3 to 19 of pregoancy positively comclated with
mammary DFFT, DNA, and RNA at parturition. As carly as
week 1 of prepmancy, matemal senun concimtration of
progesterone highly corrclated wilh the marmmary DEFT,
DNA, and RNA at parturition. The higher the matcmal sernm
concetiftations at weeks 3 to 19 the higher mamunery DIFT.
DNA. and RNA coutents indicating a prcater maminary

growth and dovelopment, mammary ool manber and cellalar
activitics al parwritin. ‘The hiphest conclations of mesn
SEMUm ProgestiTons concontralions with mammary DEFT.
A, and RNA were ocourred a1 week 12 of progmancy.

The concentralions of progesteronc al weeks 1 and 3,
and weeks 7 lo 20 of prognaucy posihvely corrclate with
manmary collagen at parturition.  As esarky as wesk 1 of
pregnancy, aaternal serum concentration of progesicrons was
highly correlated with the mammary collagen al partarition.
‘The higher the maternal sepumn concentralioas at wecks 1 and
3. and weeks 7 1o 20 of pregnancy the higher mammary
callagen contents imphmg the preater mammary ductal growth
and branchirg at parturition. The highest correlation of mean
senum progesterons concentrations with mammary collagen
was ocourred at week 14 of preguancy.

Table 2.  Coefficients of eovrelstion betwern weeldy raslvrasd seTam
progesterons  comcondratio®s  during  pregnascy  and
murnary plend lndices (DFFT, DVA, BNA and collapen)
pariarithen im Javasesc ihin-bali enen

Mammory gland indives
Wiaks of
_ pregrancy  DEFT LN FNA Callagen
L X} (04 0.3 1021
1 1.gG* .05 LS . 24%
2 .04 .11 015 L%
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i 054 MG £, 50 fhay®
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The comrclanions of weekly cstradiol concentrations in
the maternal serum with mammary DFFT, ONA. BNA, and
collagen are presemted i Table 3. In pewmersl the
concenitration ol cstradic] at carly slage of pregnancy (weeks
(o 4) did mt correlate with any mammary growth mdices at
partarition.  The correlations of estradiol with DFFT, DNA
and RNA, and with collagen, became evident from weeks | 1
w 20 apd weeks 12 o 20 of prepnaney. respectivily, as
conceotrations of estradiol in the maternal circulation hecams:
significantly merease. These data indicated that the higher the
congentrations ol esrediol in the maternal circulation during
weeks 11 to 20 of preguancy, the greater the mammary glamd
growth and development al parturition,
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DISCUSSION

Progestcron: and estradiol are traditionally considered
as bonnooes fusction in maintaining of pregnacy and
parturition, respoctively.  The patterns of progesterone and
cstradiol profiles during pregnancy in sheep and goats have
been explained previously (Mapalu er a8, 1996; Manalu &
Sonarvadi, 1998). The wemcased " maternal — screm
progesterone and estradiol with the advancc of prognancy,
eapesially during the fotal stage of pregeancy, is far beyond the
lovels required 1o maintain preguancy. Previcus roport states

that the incrensed maternal serom progesterons:, amd probably

estradiol, with the advance of pregmancy has some farther
fumciions in stmmulation of manmary growth dunng pregoancy
in preparation of nntsients scorction required by Lhe newborn
offsprings (Manalu & Sumearyadi, 1296),

Cbscrvations in sheep and goats (Anderson, 1975,
Anderson et af., 1981} suggest that mammary gland growih
and development during pregnancy are paralie]l with the
temporal changes in hormonal secretion during gestation.
Among hormones thet their secretions merease doring
pregméncy are estradiol, progesterons, relaxin, and placental
Tactogen (Havden cf af.. 1979; Hayden ¢7 ol . 1980; Rackents
& Flint, 1980: Butler ef af,, 1981, Sheldrick er af., 1981).
These hormcues are generally prouped a: menuvogenic
hormongs 1.¢.. hormones stimelating mammary growth and

~elopment.  Exogenous administrations of progesterone,
grtradiol and relaxdn mn ovanectomized and nonpregnant mice

7

bave boen shown Lo stmulated mammary gland growth and
developiment as indicated by the inctesse in DFTFT. DNA.
RNA and collapem conlemts of the plands (Harners &
Anderson, 1977 s, Harmess & Andercon, 1977h; Hayden o7 2/,
19749 Wieight & Anderson, 1982 Waliab & Anderson 1989).

The resubts of this experiment showed that the
increased maternal copcentrations of progesterone and
estradiol dwing pregnancy had a positive correlation with
marmmary growth and development at parturition.  Higher
concenirationg of progesterons md estradiol dutizp propnamcy
associated with the greater mammary growth and developmen:
at parturition. The correlation of maemal serom propestarone
with mammary gland prowth and development was evident
since the bepmning of pregnancy. However, the correlation of
maternal serum estradiol with mammary gland growth and
development was more ovident during the felal stage of
pregnancy. The difference in temporal correlation of maternal
sennh concentrations of estradiol and progesterone duneg
pregoancy with mammay pland growth at panmrition was
prubably related to the remporal difference in secretion of both
hormones, and the fluctuation in the secretion of the hommonos
during pregnancy. Matcmal soum progevierone conceniration
increased slowly during weeks 1 to § of pregnancy, then
moreased dramatically until week 17, and then slowly
decreased approaching parturition. Matermal serum esiradiol
tended tor decrease from estrons to pregnancy (ool shown in the
Figure 2) and relatively stable during the Frst 7 weeks of
pregnancy, d slowly invreased watil week 10 of prepnancy.
Estradiol increased dramatically at week |1 ol prognamey vatil
partmrition.

Repanfless of the difference. the resolis implied that
mereasite maternal serum progesterons and esiradiol dunng
pregnancy, cither by exogenows - administration or by
be wilized t© improve mammary gland growth and
development at the begmming of lactation and milk production
during lactation. Preliminary result shows that superovoisted
ewes have higher progoalcrons oomcentrations and proater
mammary growth and developrient during pregusney (Masasln
et af,, 1999 rnd cocrespondingly higher milk production
(60%) during lectation (Manaln et ol 20040).  Exogenous
administration of progesterone and cstradiol during pregnancy
to stimmlatc mammary gland growth and developmen, and to
increase milk production sould be a potential techaique in
improving production porformance of the animal m the ropics.

CONCLUSION

The results of this experiment indicated that the
maternal concemtrations of progestzrene throughout pregnancy
had a positive comelation with mammary growth and
development at parfurition; being grester duning the fefal sage
of pregnancy. In contrast maternal ssrum  esiradiol
concentration had positive correlstions with mammary giand
growth and development during the fital stage of pregrancy.
The results sngpested that incressing malernal sarum
progesterone and estradiol durimg pregnancy, either by
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exogenons administration or by incrcasing their endogenious
sectetion by superovulation, cowld be wsed to improve
mammary gland growth and development at the beginning of
Inctation and milk poovduction during lactation.
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THE EFFECT OF LIGNIN COMPOSITION ON _
DELIGNIFICATION RATE OF SOME TROPICAL HARDWOODS

W. Syafii

ABSTRACT

The effcei of Hgnin compesttion on dellgmificativn 1ate
and pulp propertics of afbizla {Pararerianthes folcataria L. Nieken],
prelisa  (Gesehing arborss  Linn), yellrw  meramdi  (Shorsa
aenminativsime Sy, 3nd  kapuor (Briobelonaps aremetica Laertn.)
woods way deteymined. The lisnin characterizativn skowed that dee
sringr-muaiecy]l Uy of afbide, pmellas, kapor, amd  yellow
merant weods are 203, 1,02, £.87, and 1.340, respectively. It means
that fiic Hpmin strocture of the above mentionsd woods arc
predominsted by syringyl mits. To ssess the influence of Hemin
stroctire on dcligeificetion rate sad pulp propertes, those wood
samples were then snbjecicd to the Lrafi pulping pricess under the

fellowing condiloms: wood-to-lBqmor ratien = 1:4, cooling
trompe jatmre = 170 i, time to cooking temperuinre = M misutes,
coclomg Hme = M) minotes, (otal active skl = 16 %a, suifidily —
22.5 %, Friam the present investigation It can be cxplained that the
dsllpulBcation rate of hardwood comtaining syringyl-rich gnin was
higher than that of hardwood costaining syringyh-poor Bpmis. The
phiysical propertiea of pulp Prom hardwood comxining syringyi-rich
Hymin are also higher than thai of fnrdwood conlamimy syoegyl-
Eeewordy - tropical bardwoods, lignin compesiian, aywimgy L-griay]
vatio, delignification rate. pulp propertiss

first ordor rale kinetics in lerms of lignin

goncentration, A fasier rate of delipnification wae
ollowed by a slower process, The rate of delignification
of the initinl faster process was directly proporhonal to
the molar mtio of syongyl to guaiacyl units of lipmin
{Singh ef ol 1982). Syafn & Yochimoto (1991) reported
that in one-hour chiorite treatmend the rate delignification
of hardwoods species such as ulin (Eusideroxylon
zwageri), bangkiral (Shorea foevis). merawan (Hopea
pierrei), and tekaliu (Homalium foetida) which containing
guaiacyl-rich lignin was much slower than that of
hardwaoods comtaining syringyl-rich ligmn.

Although the tropical hardwoods constinme a
vasi source of cellulose fibers, their limited usc in pulp
amd paper indusiry on the ane hand, could be descrnbed as
duec to their heterogemity. On the other hand it may he
due to the act that practically little is lmown about the
chennical compesition of lignine of domestic tropical
hardwoods and their reactions doring pulping processes.
Lignin is considered 1o be a polymeric natural products
arising from an enzyme initialed dehydrogenative

Thﬁ: process of delignification [ollowed two pseudo

) Nepariment of Fovest Product Tedimolepy, Fauily o Fovesry,
Bogor Agricufiursl Universiy, P.0Dox 168, Bogor 16001 Indeacaia

polymenisation of three types of prmary precursors,
namely (i) guaiacyl alcohol (i) syringyl alcchol (ifi) p-
coumaryl alcohol. The comstiuticnal moedel of hgpin =
composed of many reactive groups such as  ether of
various types, primary and secondary alcoholic hydroxyl
groups, phenalic hydroxy! groups. carbonyl groups,
methoxyl proups, aromatic sitcs of phenyl propanoid
strucnme {Lewis & Sarkanen, 1998),

It is well known (hat chemically the lignins vary
from specics Lo species even in the same genus and ther
composition is alse highly influsnccd by the climatic
conditions of the placc where the tree is growing. As
stated by Hipuchi {1985) that the softwood lignin is
predominaied by monomeric guaiacyl units which are
connceted by both ether and carbon-carbon linkages,
while the hardwood lignin is compesed of approamately
cqual amount of peaiacyl and syringyl units and
connected by limkages similar to those of softwoed henin
As a result of this inheremt variation in  ligrio
composition, the pulpmg characteristics arc bound to be
highly species dependent. Therclore, in order 10 increase
or rationalize the usc of tropical hariwoods fiber in pulp
and papcrmaking, a detailed investigation on the chemmical
composiion of lignin apd their inflaepces during kraft
pulping and their pulp proporiies was undertaken.

METHODS

Material

Four samples of wood species. namely  2lbizia
(Parasevianthes falcotaria L. Nielsen), gmeling ((7mefng
arborea  Linn), kapr  (Drobalonops  daromabcod
Gaertn.). and vellow meranti (Shoree acuminaiissima
Sym.) woods were used in this cxperimem. The albizia
and pmelina woods were taken [rom Bogor and
Sumedang, respedtively, while the kapur and yellow
meranti woods from Bersu (East Kalimantan), The resalt
of pre-investigation showed that the wood samples used
in this Z;lrjpcrimam having a basic density of 310 kg/m’,
480 kg/nr, 570 kg/m®, and 620 kg/m respectively.

Methods
Sample Preparation
A Willey mill has beem used © prepars
woodmesal that pags through a 40-mesh scroen and reain

on a #0-mesh screen, The woodmeal was then air-dried to
about 15% of moisture content, Extraction of the

woodmeal with alcohel-benzene (1°2 viv) has been
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camried oul in order 1o pwepare an  extractive-Ireo
woodmcyl sample. which is then used o determing the
Klason lignin contont and  lignin  composition by
nitrobenrens oxidation procedure.

After bark removal the wood sample was
converied to chips at the sizc of abowt 2 Scm & 25 cm x
0.25 cm.  followed by air drying lo about 13% of
meisture content. The air-dned wood chips is then used
for determination of delignification rate i the pulping
process. Prior to pulping, the moisture content of wood
chips should be determined cxactly to calculate the need
of coplang liquor in the pulping process.

Characterization of Lignin

The most commeon method for the quantitative
determination of lignin in wood is based on gravimetry
(Klason lignin}. Tn this study the Klason lignin content
was determined according to the procedure described by
Dence (1992). The wood samyplde 15 first ireated with 72 %
suifuric actd and subscquently heated with dilute acid to
hydroly«¢ the polysaccharides 1o soluble fragments. after
which the solid residue (Klason lignin) is washed,
collected, dried, and weighed To determine the lignin
compositon, the procedure of alkaline nitrohensenc
oxidation reporied by Syafii & Yoshimoto (1991) was
applied. Approximately 50 mg of alcohol-benzene
extracted wood meals was oxidizcd with 0.24 ml of
nitrobenzenc and 4 ml of 2N KOH in a stainless stegl lube
for 2 howrs at 160" C. At the end of oxidation period. the
stainless stcel tubc was immediately cooled down in
rutning water 1o stop the reaction, and the solution was
filtered. The oxidalion products which still remaining in
the residue was washed with a small amount of 0.1N
KOH soluhem. Afier removing nitrogenons compounds
from alkaline solution with chloreform, the pH of this
alkaline solution was adjusted to 2.5 with IN HCI
solytion, Finally, the solution was extracted with 30 ml of
chloroform. This extraction was repeated four times. The
extract was then quantitatively analyzed by gas
chromatography under the following conditions; BPXS
0.5 column, N carrier gas, 0.4 ml per minute flow rate,
temperature of 200 “C, FID detector, 300 “C temperature
injection, detector temperature of 350 “C.

Lignin  composilion  was  quantitatively
determined by calculating the peak area of vanillin
(guaiacaldebryde) and  syringaldehyde [rom s
chromatogram. The total aldehyde as well as the syringyl-
guaiacyl ratio were also determined ANl of this
paramcters were calcolated based on the Klason ligmn
content of wood samples.

Pulping Process

To smdy delignification rate. wood chips was
pulped by wusing conventional kraft process in the
laboratory digester. The kraft pulping process are applied
because it is nol only the dominant alkaline pulping
technigue for wood raw material but also the most

Sraxinifolinm),

important pulping process allogether. In this g

the krafi pulping process is applicd according to the
methods conducted by Gomide er ol (1997) with some
modifications. The pulping was curried out in a rotuting
digesicr and  electrically heated In applving  this
technique, 3 different cooks were carmied out using
different cooldng times. Each cook was 30 minutes longer
than the previous one (cooking times = 0, 30, 61, and 90
minutes). The cocking conditions were:  chips = 150
grams, wood-to-liquor ratio = | | 4, maximum cooking
temperature = 170 “C, (ime W maximum temperatre = %0
minutes, total active aflali = 16 % bused on oven-dry
chips, sulfidity = 22.5 %. Al cooks were carmied out in
chiplicates,

Determination of Delipnification Rate

The pulp vield and the kppa number of pulp arc
parameters that  can be wusad to delermine the
delignification ratz during pulping process. The
determingtion of pulp vield and kappa number were
apphed according to the Tappi T 236 c¢m-85 (TAPPI
Testing Methods, 1989}

Determination of Physical Properties

This procedure describes the lesting of pulp
handshest for their strength and other physical properties.
Informabion derived from handsheet testing indicates pulp
quality and is a measure ol b poicntial contribation of
the pulp to the stenpth of the finished paper products.
The physical propertics of pulp was carned out accondng
to the Tappt T 220 om-88 (TAFPI Testing Methods,
1989},

RESULTS AND DISCUSSION
Extractives Contcai

To asses the normality of exiractives content in
the wood samples, cthanolbemeéns extmct vield was
determined (Tablc 1) The total amouni of ethanol-
benzene extractives obtained from the wood of albizia,
pmcling, yellow meranti and kapor are 8.14 . 915, 13.5,
and 1565 %% based on oven-dry wood  sample
respectively. The acctone extracts obtained from this
cxperiment 15 relatively hipher than those of (he averape
of extractives conlenl in (he ropical hurdwoods, Tsoumis
(1991) sisied thal the comient of oxtractives varies from
less than onc percent to mere than ten percent depends on
the family, spocies, aid tissme. The acetone extract
obtained from the heanwood of goneale ahves (Astronium
rasamala  {dftingia excelsa),  uhn
(Fusideroylon zwagerd), and sonckeling (Dalbergic
latifolia) was reported reach to 334, 264, 818 |, and
23 % respectively {Syafii ef af, [9RS, Svafii &
Yoshimoto, 1993, Svafii, 2000,



Tabde 1. The edhanol-bemvene extractives content nbatined from
furur species of tropica] kardwoods

N, Wood samples. Conlent (% based on oven-dry wood)

1. Albizga 3.14
I Cmclina LRk
1. Yellow meranti 13.60
4, Kapur g 1565

It 15 interesting to note that the ethanol-benzene
extractives contemt has 4 comelation with the specific
gravity of wood samples in which the higher specific
gravity show the higher of extractives content. It could
be understood since the extractives content is one of the
faciors which influence the specific pravity of wood,
Teourmis (1991) stated that extractives are compounds of
varying chemical composition that are nol part of the
wond substances, but are deposited within cell walls and
cavities. Higher amount of extractives is a cause for the
higher density of wood and the removal of extractives
results in reduction of density.

Ligmin Characteristics

The Klagon lignin content of four wood specics
is resumed in Table 2. The lignin content of the tropical
hardwoods tested in this experiment is in the rmge of
22.40 to 30.72 %. The Klason lignin content of albizia
wood is the lowest whereas the lignin content of kapur
wood ig the hiphesi,

Tablel. The ignin compesilion of wood samples (indicaled by %G ratho)
calculated fram nitrobenzene oxidatien product

Wood semplac Elasom  {wimiacyl  Syrmgyl | Todad LA

Ligain (i) (5} aldehyde Batin

(%) ) (#%) i) (onlar)
Adbdzia 32,40 100 1422 1,22 .03
{imwelma 235 AT 16.30 447 102
Yalow maranti 0. o956 17.E7 1743 LET
kspror 72 1194 1AM ITAN 1.30
"y Bused on the Klason lignin coment. o e

In order to get more detailed information on the
lignin characteristics, the structural composition of lignin
of all the four species was determinad by analysing, the
alkaline nitrobenzene oxidation products on a gas
chromatogram. Table 2 represented the oxidation
products of lignin of the four species. The total aldehyde
yiclds of four wood samples are in the mnge of 21 22 10
27.45 % on the basis of Klason hignin content. Table 2
alse showed that the S5/G ratio all the four wood samplcs
are greater than one. It mesns that the amount of
syringaldetryde content of the wood samples are higher

than that of maiacyl content. The values of S/G [ERSEEED
in yellow meranti and kapur woods are relatively lower
than those of albiria and pmeling woods. It is indicuting
therehy that the hignin of yellow meranh and kapur woods
contain 3 large amount of guaiacyl umits, suggesting that
the lignin macromolecules of thess woods have more
siles for internal pondensation

These esults show that the amount of syringyl
units in the lignin of tropical hardwoods investigated
follow the order of albida wood > pmcling wood =
yvellow meranti wood = kapur wood, These results are of
preat importance i contemplating and assessing the
delignification characteristics of these woods, since 5/G
tatio should have a correlation with deligmification rate.
In other words, lignin containing higer amount of syringyl
units should have less number of site available for
possible internal condemsation during delignification
process. As siated by Fengel and Wegener {1984) that as
i the case of sulfite pulping, the alkaline pulping
reactions with lignin are also nucleophilic reactions which
are coniribuling w the depradation and dissolution ol
lignin, and condensations of lignin units to fragments
with increased molecular weight and reduced solubility.

Ratc of Delipnification

To assese the influence of lignin siructure on
delignification rate and pulp properiics, these wood
samples werc them subjected to the krall pulping process.
The kappa mumber of pulp 15 usvally used 10 determine
the delignification rate during pulping process. The vield
and the kappa number of pulp produced from four species
of tropical hardwoods were presented in Table 3,

Table 3 showed thai at 60 and 90 mintes
cooking times the pulp yicld of albizia and gmelina
woods are much higher than that of vellow mermanb and
kapur woods, The resulis also showed thai at the same
cooking times the kappa number of pulp of albizia and
gmeling are lower than that of yellow meranti and kapur
woods. The -low kappa mumber means that the
delignification rate of these woods are faster than that of
vellow meranti and kapur woods, The slow rate of
delignification of vellow meramti and kapur woods mighl
be due 10 the phivsical and chemical factors.

The physical factor is usually related to the
wood density. Detcrmination of specific gravity of the
wood samples showed that the specific gravity of albizia,
gmeling, yellow meranti and kapur woods are 0.31, 0.48,
0.57. and 0.62, spectively. Yellow meranti and kapur
woods having higher specific gravity are more difficult
to be delignified compared to the albiria and gmelina
woods. From this results, il can be stated that the
delignificaton rate of wood samples might be correlated
with the specific gravity. Specific pravity is 2 measure of
the weight of wood substimces comlained in a wnit of
volume of wobd Cell walls of all wood species should
have the same specific gravity. Therefore, varation in

" specific pravity of wood species reflects differences in
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Tabk: 3. Y and kappa namber of palp prodoced frem fowr species of tropheal hardwoods

Wood Cowking time at naximum temperalure {mimses)
Samples [£] A1l &0 el

Tield Kappa Tighd Kappa - Yield happn Wield Kappa

%) MNumber [%h) Mumhcr {%ah M umber %) MNutnber

Albizia 4275 jxm 4¥.55 11.65% 49 15 AR5 4.9 2171
Umeling 4215 31335 4ok, i AR5 5320 2545 18 ELTO
Fellow merandi 4341 42 85 I3 0 1573 1448 F0.33 31.55 3.7
Kirpur

44,65 LR 4307 1585 30,70 32a% Hp.20 ik

thickness of cell wall A wood species with a high
specific gravily posseses a  thick cell wall and
consequently the cell hmen of this wood is small
{Tsonrmis, 1991). Lo this experiment, the wood sampiles of
yellow meranti and kapur woods which have hgh
specific prvily are dilficull o be delignified. These
tesults might be explained by the imited impregnation of
cooking chemicals into the o3 wall.

The chemical factor which affects the slow mate
of delignification of yellow meranti and kapur woods is
wsually related to their ligmin chemncal stucture. The
results of this experiment showed thai the mie of
delignification increases with the increase in /G of lignin
of the wood samples. The same resulis were also found
by provions imvestipators (Singh ef af, 1982 Syafii &
Yoshimoto, 1991). These resnits meange (hal  the
delignificaion of hardwood containing  Syringyi-rich
lignin faster than that of hardwood contaimng symingyl-
poor lipmin, As previously described, the syringyl content
in the lignin of yellow meranti and kapr woods are low,
and consequently thess two wood samples gave low matc
of deligmification, Therefore from this experiment, it can
be sugpested that the lignin strocture of the wood samples
is comcloted with the mie of delignification v krall
pulping process.

Patlp Properties

The fllowing data describes the strength and
other physical properties of un-bleached pulp handshaclq.
The pulp handshesis was prepared by beating pulp at 45
SR with the grammanmre of 60 gram/m® The physical
properties examined in this experiment are density, tcar
index, tensile index. burst mdex, and breaking length,
This physical propertics s isicd in Table 4.

The physical charactzrization of unblcachsd pulp
showed that (he physical properties of yellow merant
wood is comparable to the kapar wood. The pulp
moperties of albizia has also showed the same
phenomena in which it is comparable to the gmelina
woodd. However, the polp mroperties of yellow meranti

and kapur woods are much lower than those of albizia
and gmelina woods. This low propertics might b due o
the low 5/G ratio of these woods. As described beforc
that the hardwood contaiming syrmgyl-tich lignin (high
%G ratio) showed the highcer mate of delignification
comparcd to those of hardwood containing syningyl-poor
lignin {low S5/G matic), and as the consequence, 1t
produces higher kappa number pulp. Casey {(1980) stated
that the high kappa mumber pulp corrclales with high
residual lignin  Therefore the physical propertics ol Uhis
pulp is lower than that of low kappa number pulp which
containt low residual lig:lm

TaMe 4. The physical properties of omblesched kruft  pulp
prodaced from foor specles of tropical hardwands

Pulp-shest smmples
Propertics Albizn  Gmelina Yellow Kapur
Idaraiti
Themsily, g'cm’ 1.68 047 128 .23
Tear mnden, mN.mg 509 429 9,33 024
Tensilc index, N.m'p 14927 LR Gi.G 525
Burg index, kN/g 637 £75 302 223
Dirabunig Langth, ke 5.5% 4067 (r3a .26
CONCLUSION

The syringyl-guaiacyl ratio of albizia. gmelina,
vellow meranti, and kapur woods were 2.03, 2.02, 1.87,
and .30 respectively. [t means that the lignin structure of
the above meutionod wood samples are predominated by
syringyl units.

The delignification rate of hardwood containing
syringyl-rich lignin was higher than that of hardweod
containing syringyl-poor lignin. The physical properiics
of pulp from hardwood contzining syringyl-rich lignin
were also higher than that of hardwood contaiming
svringyl-poos lignim.
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WOOD HARVESTING DAMAGES, REGENERATION AND GROWTH
IN THE RESIDUAL STAND OF DIPTEROCARP FORESTS
(A Case Study in the Forest Concession Area of PT, Narkata Rimba,
East Kalimantan, Indonesia)

ABSTRACT

This research was coiducted in the concession ares of PT.
Norkstsa Himba (NE), Musrn Wahan, Kabupsten Kuial,
Eulimentun Timmor, ndonesie. The resalt obtatmed indiesied that
the level of revidom] sised dsmapes positivedy correlmted to the
wood harvesting imbensity, the incident of damages on small trees
Wit gresier and most of the damaged trecs were heavily injured.
The tree’s mnrtality ccourred dnriny the wood harvesting yesr was
6.0-26.6% mmd onc year afier wood harvesting wes TU0-13.6%.
After than fhe trec's mortalily was 0.53.6%, meanwhile the
mortallty of irees in @ virgin forest was 0.%-3.4% per year, T4
scems that Mpher dnmage ocourred in residwal stands coascs the
higher tree mworiality. The seedling densdty of commercial
dipterccarp speches, in both tee logged-over forests and 2 virpin
farest were more then tie recommended mindnoem st (1,00
sodlings per hu) w siwied in the reguiation of the Indonesian
Selective. Cutting smd  Plambiop (Tebang Filih  Tawam
Tndonesia/ TFTT) Systera. The aversge growth of dismster and
vidwaiic of 15 nucleus trees bectare per year during ihe frst fve
years mfter wood harvestimgy was 070 omivear sad 14235
m'halvenr, respectively. To anticipate the s cotting cycle, it
s recommwended to comtrol the residus] stand damages with un
uplineal wood harvesiing tntensity sad to improve the techmiqwe of
siiviculture of diplerocarp firest, with the purpose (o incresse the
diameter prowth of neclros trees.

Kapwords - wood harvesting damage, residusl stand, dipterccarm
forest, rogoneration, growth

o the management of a natural tropical tain forest,

almost all of forest concession holders in

Indonesia use the Indonesian Selective Cutting and
Flanting {fehang Filik Tanam Indonesia) System

The cutting cycle of TPTI-System is 35 vears.
The TPTI-System is a system in which commercial trees
with a diameter abewve 50 cm in 8 Permanent Production
Forest and diameter above 60 ¢m m a Limited
Production Forest are removed from a site and leaving a
minimal of 25 young commercial and healthy wees per
hectare distributed uniformly in the area.

An important criterion for the judgcment of
TPTI-System is the condition of the residual stand afier
wood harvesting ie damage on the residual stand,
tree’s mortality, regeneration and growth of the residual
stand. The objective of this research is to describe the

’ Department of Forest Produat Techmology, Taculty of Forestrv.
Bogur Ayricubtural Tlniversily, POr Box. 168, Bogor 16001,
donesia

Elias

actual situation of the residual siand, regeneration and
growth of Dipterocarp forest in the forcsl concession
area of the PT. Narkata Rimba (NE) East Kalimaman,
after wood harvesting with TPT1-System.

The stages of the TPTI-System are as follows;

Tublel.  The Stages of the TPTL Syviem

Year of fuplesctibatiom
M Stages of Adivitics (=) : Debine
[T} : After Woad Harvesting

1. Working arcs onderng Ft3

1 brventory of sand bofore wood Er2

huarystig

3 Tpening up forest k-1

. Waod haneiting W £

3 Horizemtal chearmece Fit+ 1

1, Tmmvearoery of resddual siands Et+2

I Pulsase T Ert2

 § Sisedd cappily Eri2

9. Farichmen! planting LLis

L Mnintmence Ert3 4.2

11. Releans T end T Lt 4

I2, Bpacing of regidual stands E++Li, 15, 20

Smorop ;. Dhrcktorst lendetal Peognsahsnn Dot 1993, Thopantsnesn
Kihuwanan, Jakarta, Tndnaesis

METHODS
Hesearch Location

This research was conducled in (he Iorest
concession area of PT. NR. T.ocaled in the distngl of
Kuwai in East Kalimantan, Indopesia =~ The forest
concession of PT. MR covers an arca of 68,000 ha which
vonsisls entircty of Limited Production Forest,

Vegetation type in PT. NR is highland natural
forcst, with the soil (ype consist of podzolic (68%),
latosol (27%) and lirosol (15%). The opography is
undulating until hilly {70%) and steep slope (30%). The
npe of rainfall based on Schmidt and Fergpson
classification, is ramfall type A, with a mean annual
ramfall amoumited (o 2.29) mm,



Plots Desipn and Measurements

The rescarch plots consists of 4 permanent plots,
namely:

PlotT : plot beforc and after wood harvesting with
slope (1-15%

Flot Il : plot before and aficr wood harvesting with
slope 16-25%

Plot LI : plot before :md aficr wood hrvesting with
slope = 23%

Flpt IV - plot comrol of vicgie forcst

The size of cach plot is 10100 . Figure 1
shows the plol design and Figure 2 shows the desipn of
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ampt flin

!Iip 2 and 4 for ‘k'ﬂgﬂiau'l]ﬁ almhfsm l::l - Bl ples [1-250 whire tros with 8 dhl of 17 om wid sbare 3 geasing
Tl'IE. degrea of residnal stand damages was = - 3mp [1-3), sirip 2 and 4 for vegolation waplyiic
measured in 1992 and repeated measuremenis werc ¥oip 3 far gaunl prafile atalysis
conducted annually until 1996 on mortality of trees. % o et i) e shce! e Al
regeneration and growth, il Pt T oy for et Yol o g
Fgtnian  :Polyposs
RESULTS Figar: 1. Comstructed prrotenent plots design in the resesrrh
e
The Degree of Residual Stand Damuges — LE i
: A
3 d & P &
The degrec of residual stand damages based on I ] ;-ﬂ ,
e2 population and the stages of vegelation devel opment 2 = ! iy
were 30.0% seedlings, 27,.2% saplings and 24.6% poles PN : '-‘l
and trees. Table 2 presents the data on the degree of tree ¥ s | 7
{ d=mmeter of 10 cm and above) damages based on the ' T
wood barvesting inlensity, The residual indicated that @ Seerdlings (hight <1 5 m) sve measured on subplotz 232 m
the higher intensity of woo! harvesting causes heuvier b .\‘.:S:iirm:;;}‘hig!:::l_?: 1.3 dlh - 19 can) arc measured on subplors 555 m
b ¢ 0 Poles{dbh = [0-19 ay) ane mensived on silplots (Ox 10 m
_ﬁs o the residual stands. d & Trees over 20 oo dbb ore cizasured on sufrplols ;01'30 o)
Tabie2 Degrve of Reskloa) Stamd Damages Based on Woid Fagre 2. exgn of msfei] suupling fer. trer Nl regesetation
Harvesting Intensity .
Most of the damaged frees were swall sizcs,
;“:ﬂ;n of Wood e . ; oamely 65,2% damaged wees with diameier of 190-1% cm
e Woed | Hvesor  Dawegea o0 and 21.2% with 4 diameter of 20-29 cow.  Based om the
baveaing e @0l ey size injury of each individual trees, the degrees of the
e > Wom) - _ damages cansed by wouod harvesting were 82.1% wees
I . 2 e LA with heavy injury, 13.2% teces with medium injory and
5 w07 & 146 21 4.6% trees with Lipht injury. An gnafvsis of the eflocts of
i i 6 iy diameter and height of trocs and slopes oo residual stand
i ; e dymages shows, that the effects on the residual stand
damages werz ngt sigmificant.
Tahie 3. Trpes of tree damages eansed by feling apd skidding sctivities
Wond Harveating Trpos of Tree Davage {%a)
Fermamem Plot Tnteasity Tonedi®a)
{rrezab) aflen Ties: Urokca Stew  Crows Lamwecs Bark & Stz WI&.HW*
I r ] 1.0 Z.4 - 3 wd
o ] ITH o L 0.6 . .5 1.1
m 17 205 ay ! L& - A
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Table 3 shows the oypes of tree damapes caused
by felling and skidding activities. The damages caused
by sladding were higher than by felling (75%:25%).

The types of damage causcd by felling are 49.5%
crown damages, 23.1% broken stem, 19.2% fallen ree
and £.2% stem injury, The tvpe of damage caused by
skidding are ¥3.3% fallen tree, 4.5% leaning tree, 9.5%
stem inury amd 2 Mo crown and butiress damage and
brolen siem.

Opeoed Area

The degree of an arca damage in the residual
stand cansed by felling und skidding depends largely on
the wood harvesting iniemsity, mainly the opened areq
caused by felling The higher intensity of wood
harvesting causes a larger opened area of (he residual
stand Table 4 shows the siz¢ of opened arca caused by
felling and skidding activities based on wood harvesting,
intensity,. The size of the opcmed area cawscd by
harvesting of one tree ranged between 285 and 512 m” to
39 m° in average.

Table 4. Opened aren of residunl siamd caused by felling and
skiddimg sethvilies buscd on wousd harvesting intensity

Wood Opened Ares (m?)
Pertnanont Harveting Caused by Trf;fl
Plot Intexsily - — {m)
{treesha) Feiling  Skidding

1 I 7 596 GRE

11 0 SR 2. IHI% 2818

110 17 1.512 1,324 4,830

Mortality of Trees

Table 5 shows the morality of trees with a
diameter = 10 cm. in the residual stand of Erd), Et+1,
Et+1, Et+3 and in the virgin forest. Tn general, the dead
wees consisted of small rees with diameter of 10-39 cm.
The mottality occurred in the current wood harvesting
was 6.0-26,0 % and one year afier wood harvesting was
2.0-13.6% These figures decreased drastically afier two
vears of wood harvesting {0.7-3.6%) and three years of
wood harvesting (1.5-3.6%). It secms that higher
lamage occurred in residual stnds causes the higher
gee mortality, The mortality of trees in a virgim forest
was 0.9-3 4% per vear,

he Stock of Seedling

The stock of seedling of commercial Dipteracarp
ipecies before wood harvesting, one and two vears after
vood harvesting and in a virgin forest are as presented in
lable 6.

Table5.  Mortality of troes with & dismeter of 10 cm and shove
in the residnal stand and virgin forest

Pesmsncail  Thameter Murtality (F)

Plnt Clas {cm) Bt T 1 ErZ Fiid
I 1019 e 12 0.t k]

Hr-th 4.5 1.0 L] L]

ELE L5 1.3 1.3 u

Ak 4.1 0 4.3 1]

S50 154 L] L] LU

=l a 1} i} a

Tatl [:11] 20 ot o5

m 10-1% 0.2 16.1 ] R
2020 16.1 9.8 3 iy
30.3% 78 (KR 0 a7

Jil-4L a1 i 53 i

50 it 118 LU a

= &0 o b2 1] 83
Tota] 170 150 -] .4
m 1% 123 [EX 3 LUL] 4.0
Hi-1% 19.6 108 1 ]

-39 2.4 2.1 Ml L1

A0=340 4.3 BT ] 0

50 7.1 1] 1 il

= L 154 45 q 1

Toml 6.6 124 B 34
f\-’_ 10-1% (3 37 1.2 1w
t'::mgﬁ 2020 14 n I 1%
A% ] 4.8 15 44
-4 L 1] LT

30-39 T1 L] o {1

L 1] o b o

Tatel i 14 0o A

Table. The Secdling Density of Commercisl Dipterocarp
Spocies in the Research Stte

Ell Ei-1 Eit}
Prmare Pt (Soodlingha) (Seedlingsa) (Scedlingeh)
i 23,00 21,000 1LETS
id 4250 11,5615 33T
A1 13,6525 13, 500y THLEI2E
Iv [ virgin forest) - 12,750 24 5

Table & shows that the total amount of seediings of
commercial Diplerocarp species, both in the logeed over
forests and the virgin foresl were more than the
minimum gmount of 1,000 per hectare, 35 mquired by
the regulation contained in the TPTI-Systom.



Growth of Nucleus Trees

Diameter measmremems of nuclens trees are
recorded for five consequitive years within the permaneni
plots in the logged-over forests and virgin forest. Table
7 shows the growth of diameter and volume of 25
nucleus trecs per hectare. The average growth of
diameter and volume of 25 nucleus trees afler wood
harvesting were .70 cm/vear and 14235 m*/ha/year.

Talsle 7. The growth of disseter and volome of 25 neckeos
trees after wood harvesting in the concessbos areas of

FT.NR
Cbuwidy gl
h];-::m Purind al growmth THurhbir Vol
(oo roar) (o hayear)

I 1* year .04 AR

™ vewr 230 L%

3™ year X% ] 11050

4% yom 059 11116

Averags 06T 1.5320

n 1 war 0.5 1767

2 veae 0.4 ¥t Lhl

3 vur [EF) 0.0587

1% year L] L2l

AVETREL L] L1720

nr 17 vaar 110 19866

™ ar 643 136

3 yoar (1.0} 12926

4% vear 03 1.528%

Avensge Q.79 13665

I+ Average 70 1.42315

DISCUSSION
Wood Harvesting Intensity

The deprec of residual stand damages was found
correlated to the intensity of wood harvesting The
higher wood harvesting intensity causes the beavier of
residual stand damages. This result has been shown aleo
by Abdulhadi et of (1981), Butar Butar {19913, Yanuar
(1992) and Bertank & Sist (1995 For the
implementation of this result, it should be possible 1o
control the degree of residual stand damape by
regulating the optimal wood harvesting intensity in
TPTL. ¥ kvel of residual stand damapes is under
control, an adequate number of scedlings, saplings and
young commercial and healthy trees will be secured due
1o the fact that stocking of seedlings, saplings, poles and
young trees of commercial specics before wood
harvesting with TPTI-System in the dipterocarp forest in
East Kalimantan, were more than adequate.

Mortality

The merality of trees afler twe vears of
harvesting scems like the mortality in a virgin forest and
trees’ population during thet time increased about 2-
10%. Although the wood harvesting with the TPTI-
System caused the decreases of the iree population abowt
10-37%. but after two years of harvesting the young
heaithy commercial trecs are enough (>25 mees'ha
distnibuted uniformly in the residuai stand).

Stock of Secdlings

The amount of seedhings of commercial
Dipterocarp species in one and two vears after wood
harvesting can be considersd enough, There were about
11,000-25,000 seedlings/ha. It was 11-25 times of the
minimum amount of 1.000 scedlings per ha as required
by the regulation of the TPTI-Sysiem. Therefore, it is
not necessary to plamt seedlings m the residual stand
after wood harvesting,

Tree Growth

The average diameler growth of commercial trees
after wood harvesting with TPTT-System wae lower than
1 cmivear not as estimated in regulation of the TPTI-
Svstem. This result is also found by Sutisna (199)) in a
concession area of PT. ITCI, Balikpapan, Fast
Kalimantan. The average diameter growth of meramti
group was abowt 0.7-0.8 cmvyear and commercial mees
of non Daipterocarp group werc 0.6-08 crfvear
According to Comtinuos Forest Invemtory (CFI) in East
Mindanao, Philippines (Weidelt & Banaag, 1982), the
average diameter growth of some commercial froe
spectes is as [ollows:

* white lavan {Pentacme contoria) (1.8-1.2 erowyear
* mayapis (Shorea squamaia) 0.7-1.0 cmfyear
» red lavan (Shorea negrosensis) 0.6-0). 8 canvear
« almond (Shoren almen) T LT emfvest
» bagtikan {Pamshorea plicata) - {hA40.G coofvear
* apitony (i ptaracarms gmd;ﬂm} U345 confvenr
o vakul (Yhorea gisok) i 03404 cmfvear

The volume growih of 25 oucleus trees hectare
durmg the first five years aller wood harvesting with
TPTI-System were 1.1720-1.5665 m’/halyvear of 14235
m'/ha/year i average. Compared to the result of CFT in
the Philippines, the periodic annuzl increment {PAI} in
dipterocarp foresi in Easl Mindanao was le"hﬂ.l"'\'ﬂ.l'
Those resulis a similar one to another.

Diameter growth of 25 nucleus trees during the
first five ycars after wood harvesting were about 0.65-
0.79 emvyear or .70 co/vear n average. [t seems after
the first cvcle of wood harvesting with the TPTI-System
(35 vears), most of the nucleus trees with diameter
between 20-35 ¢, sill not achieve a diameter bigper
than 60 cm (diamctcr limit in Limited Production
Forest), So, those trees can not be cut in the second
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cycle according to  I'Fllregulation, unless the
government (c.q Dopanment of Forcstry) allows the
reduction of the cutting diameter limit. To avoid this,
we should improve the techmique of silvicullure of
dipterocarp forest with the purpose to increase the
diameter growth of nucleus trees.

CONCLUSION & RECOMMENDATIONS

The degree of residual stand dmmages ranged
from 28 to 45% and the incidence of damages to small
trees greater (ca. 87%%). Most of the damaged trees were
heavily injured (ca. 32%) and had linle chance 1o
recover since therr growth would be affected by the
damage.

The degree of residual stand damage was found
correlated to the intensity of wood harvesting. The
mortality rate of vonng troes lefl afier wood harvesting
was between 6.0-26.6%. During the fist year 2.0-13 6%
andt then the mortality decreased drastically to 0.5-3.0%.
The mortality of trees in virgin forest was 0.9-3 4% per
year.

It is mot necessary 1o plam seedling in the residual
stand after wood harvesting in dipterocarp forests,  The
nalural regeneration is sufficient. The average growth of
diameter and volume of 25 oucleus trees per hectare
during the frst 5 years after wood hanesting with TPTI-
System were 070 cmfvear and 1.4235 mihafyear in
AVOIBge.

For the implementation of this research result, it is
recommended to TPT1 regulation as follows:

1. To control the residual stand damuapcs caused by
wood harvesting with optimal logging infensity.

2. The diameter growth of nucleus trees after wood
harvesting with TPT1-System is smaller than 1 cm
per year. To anlicipate the oext cycle, it is
necessary to mmprove the techmique of silviculture of
dipterocarp forest, with the purpose 10 increase the
diameter growth of miclens rees.
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