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Abstract 

Sago (Metroxylon sago Rottb.) waste up till now had not been exploited in 
optimal and only partly small are applied as component of feed, especially for 
ruminant. The potential of sago as animal feed is quite large and will increase in 
value when processed into wafer complete ration. This experiment was conducted 
to study chemical and physical quality of sago waste based wafer complete ration 
which were preserved in various different periods. Determination of chemical 
and physical variables of wafer complete ration were color, texture, smell, water 
content, specific density, water activity, and storage capacity. Data were analyzed 
by analysis to completely randomized factorial design with two factors (A: the levels 
of sago waste used in wafer complete ration 10.20, 30, and 40%, B: storage time 
of 2, 4, 6, and 8 weeks). The results indicated that the wafer complete ration with 
various different formulations did not affect specific density and water activity. 
A significant different (P<0.05)  was observed in water content with the highest 
water value in ration containing 40% sago waste. The period of preservation effect 
was significant (P<0.05) on water content, density and specific density, but did not 
influence water activity texture and smell. The preserved wafer complete ration for 
six weeks were still in good condition, but after eight weeks the wafer started to 
change in physical texture. It is concluded that sago waste based wafer complete 
ration has high quality in terms of physical and has storage capacity to keep in good 
condition for six weeks.
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Introduct�on

Sago (Metroxylon sago Rottb.) waste, up t�ll now, had not been explo�ted 
�n opt�mal and only partly small are appl�ed as component of feed, espec�ally for 
rum�nant. The potent�al of sago as an�mal feed �s qu�te large and w�ll �ncrease �n 
value when processed �nto wafer complete rat�on. Wafer complete rat�on �s a feed 
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phys�cally formed to a compact and conc�se wh�ch �s expected to ease �n handl�ng 
and transportat�on, has complete nutr�t�onal content, and use relat�vely s�mple 
technology so easy to apply (Tr�syul�ant� et al., 2003). Wafer complete rat�on �s feed 
process�ng technology, espec�ally �n the dry season. Bas�c research and appl�cat�ons, 
�n part�cular regard�ng the potent�al of �mprov�ng the qual�ty of sago waste as feed, �t 
unt�l now st�ll not w�dely appl�ed. Therefore, stud�es on the ut�l�zat�on of sago waste 
are cont�nuously st�ll very necessary. Most research has so far d�rected sago waste �n 
the ut�l�zat�on of sago waste as raw mater�al for b�ofuels and fung� or bacter�a growth 
substrate for the product�on of extracellular enzymes (Akmar & Kennedy, 2001). 
However, the use of �nformat�on sago waste as raw mater�al for the manufacture of 
a complete wafer as a l�vestock feed rat�on �s st�ll very l�m�ted. 

Observ�ng th�s, a study needs to be done on the potent�al of sago waste as 
raw mater�al for the manufacture of a complete wafer; th�s �s an effort to rat�on the 
supply and �mplementat�on of strateg�es that feed technolog�cal �nnovat�on-or�ented 
economy that �s capable of prov�d�ng complementary feed at any t�me. Th�s study 
a�ms to determ�ne the qual�ty and phys�cal propert�es of wafer-based complete 
rat�ons of sago waste res�due made up of d�fferent formulat�on and d�fferent storage 
t�me. 

Mater�als and Methods

Experimental equipment
Equ�pment used �n th�s study were felt wafer h�drol�c mach�ne (temperature of 

150 oC, pressure 200-300 kg/cm2 for 15-20 m�nutes), mach�ne m�xer, hammer m�ll, 
m�x�ng conta�ner, AW meter, and termoh�grometer.

Complete rations formulation
Complete rat�on used �n th�s study were concentrates conta�n�ng raw mater�als, 

such  as coconut cake, r�ce bran, sago, molasses, v�tam�ns, m�nerals and sago waste. 
Rat�on treatments cons�sted of : P1= rat�on conta�n�ng 10% sago waste, P2= rat�on 
conta�n�ng 40% sago waste, P3= rat�on conta�n�ng 30% sago waste, P4= rat�on 
conta�n�ng 40% sago waste. Complete rat�on wafer formulat�ons were prepared 
us�ng the method of tr�al and error. Rat�on of a complete wafer compos�t�on was 
shown �n Table 1.

Preparing wafer complete rations
Wafer complete rat�on was prepared as follows : (a) all concentrated sources of 

raw mater�al was dr�ed by the sun, (b) all raw mater�als for concentrate were m�lled 
us�ng a hammer m�ll to mash s�ze, (c) treated feed mater�als (sago waste) was m�xed 
w�th molasses as an adhes�ve mater�al (5%) unt�l blended, after be�ng m�xed w�th 
the concentrate to be a complete rat�on, m�x�ng was done manually, (d) complete 
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rat�on was �ncorporated �nto rectangular molds measur�ng 25 cm x 25 cm x 5 cm. 
After hot compress�on was performed at a temperature of 150 oC w�th a pressure w�th a pressure 
of 200-300 kg/cmkg/cm2 for 15-20 m�nutes, cool�ng was done by plac�ng sheets of wafer 
�n the open a�r for 24 hours unt�l the mo�sture content and the we�ght was constant, 
then the results were put �n sacks.

Table 1. Compos�t�on of wafer complete rat�on

Feed Mater�al
Treatment

P1 P2 P3 P4

Sago waste (%) 10 20 30 40
R�ce bran (%) 33.5 30 25 20
Coconut cake (%) 25 23.5 23.5 23.5
Sago (%) 25 20 15 10
Molasses (%) 5 5 5 5
V�tam�n (%) 0.5 0.5 0.5 0.5
M�nerals (%) 1 1 1 1

100 100 100 100

P1= rat�on conta�n�ng 10% sago waste, P2= rat�on conta�n�ng 40% sago waste, P3= rat�on conta�n�ng 
30% sago waste, P4= rat�on conta�n�ng 40% sago waste.

Wafer tester
Wafer test�ng are: (a) wafer that has been made to cut the s�ze of 5 cm x 5 cm 

x 2 cm samples were then taken for the prox�mate analys�s (dry mater�al, ash, crude 
prote�n, crude f�ber, crude fat, Beta-N, and TDN), test�ng the phys�cal propert�esBeta-N, and TDN), test�ng the phys�cal propert�es, and TDN), test�ng the phys�cal propert�es 
(water content, dens�ty and water act�v�ty). The wafer was then stored for 2, 4, 6, 
and 8 weeks. Treated wafer that would be stored, was placed �n a sackt to determ�ne 
the d�fference. 

Statistical analysis
The data obta�ned from the results of the study were analyzed us�ng completely 

random�zed factor�al des�gn w�th two factors (A: rat�on, B: storage t�me) w�th 3 
repl�cat�ons; �f s�gn�f�cantly d�fferent occurred, the data w�ll be tested further w�th 
Orthogonal Contrast Test (Steel and Torr�e, 1995).(Steel and Torr�e, 1995).  

Observed variables 
Observed var�ables �n determ�n�ng the qual�ty and phys�cal propert�es of the 

wafer was done by analyz�ng the nutr�ents of complete rat�on wafer (prox�mate 
analys�s), wafer content (AOAC, 1984), dens�ty wafer (Tr�syul�ant� et al., 2003), 
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water act�v�ty (Syar�ef and Hal�d, 1993) , texture and storage capac�ty (2, 4, 6, and 
8 weeks).

Results and D�scuss�on

Chemical composition of wafer complete rations
Chem�cal compos�t�on of wafer complete rat�ons and sago waste (dry matter, 

ash, crude prote�n, crude f�ber, crude fat, Beta-N, and TDN) of four treatments was 
shown �n Table 2 and Table 3.

Table 2. Chem�cal compos�t�on of wafer complete rat�ons

Treatment

P1 P2 P3 P4

Dry matter (%) 87.03 86.02 86.08 85.09
Ash (% DM) 5.44 5.53 5.67 6.03
Crude prote�n (% DM) 14.92 15.13 14.33 13.53
Crude f�ber (% DM) 12.73 11.93 11.23 11.53
Crude fat (% DM) 5.74 6.51 7.06 7.61
Beta-N (% DM) (% DM) 58.36 59.56 60.26 58.06
TDN (% DM) 71.17 71.93 70.48 69.03

Results of analys�s: Nutr�t�onal Laboratory, Department of An�mal Husbandry, Unsy�ah (2011). P1= (2011). P1=P1= 
rat�on conta�n�ng 10% sago waste, P2= rat�on conta�n�ng 40% sago waste, P3= rat�on conta�n�ng 30% 
sago waste, P4= rat�on conta�n�ng 40% sago waste.

Table 3. Chem�cal compos�t�on  of sago waste

Dry matter 
(%)

Ash 
(% DM)

Crude fat 
(% DM)

Prote�n 
(% DM)

Crude f�ber 
(% DM)

Carbohydrate 
(% DM)

85.29 4.30 0.16 4.99 33.33 50.61

Results of analys�s: Nutr�t�onal Laboratory, Department of An�mal Husbandry, Unsy�ah (2011) (2011)

Water levels
Wafer complete rat�ons w�th a k�nd of d�fferent compos�t�on of sago waste 

s�gn�f�cant affected (P<0,05) mo�sture content. The water content of the compos�t�on 
of the res�due on the wafer w�th real sago 40%  was h�gher when compared to other 
wafer sago waste. Wafer complete rat�ons w�th a compos�t�on of dreg sago 10% had 
fewer cav�t�es caus�ng evaporat�on that occured over the res�stor, wh�le the wafer 
w�th a compos�t�on of 40% had the sago waste cav�t�es that were more numerous 
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and large caus�ng evaporat�on was runn�ng fast. Mo�sture contents of each treated 
wafer  was �nd�cated �n Table 4.

Table 4. Water content value of wafer complete rat�ons

Treatment
Storage t�me

2 weeks 4 weeks 6 weeks 8 weeks

P1 13.44±0.12a 14.00±0.34 14.07±0.87 14.30±0.77
P2 14.34±0.20 13.59±0.55 b 14.90±0.61 15.80±0.61
P3 14.44±0.15 14.35±0.45 b 13.89±0.15 14.56±0.67
P4 13.00±0.56 a 14.45±0.67 13.56±0.54 14.12±0.65

The value of flats w�th d�fferent superscr�pts �n the same column showed a s�gn�f�cantly d�fferent (P 
<0.05). P1= rat�on conta�n�ng 10% sago waste, P2= rat�on conta�n�ng 40% sago waste, P3= rat�on 
conta�n�ng 30% sago waste, P4= rat�on conta�n�ng 40% sago waste.

Storage t�me of wafer complete rat�ons affected s�gn�f�cantly (P<0.05) water 
content.  Average value of the h�ghest water levels �n storage was for 2 weeks, because 
the wafers absorb water from the env�ronment. Average value for s�x weeks was not 
stable, th�s was caused by hum�d�ty and temperature values that changed frequently. 
The �nteract�on between factor A (wafer complete rat�on) and factor B (storage 
t�me) were not s�gn�f�cantly d�fferent to water content although P2 treatment had 
the h�ghest water content wh�ch was equal to 15.80±0.61. Storage cond�t�ons were 
l�kely to �ncrease the water content. Th�s occurred due to the �nfluence of hum�d�ty, 
and amb�ent temperature dur�ng the storage per�ods. The act�v�ty of m�croorgan�sms 
can be on tap on the water content of 8-12%, so that the feed mater�al was not easy 
to mold and rot (Verma et al.1996).

Wafer density
Dens�ty of the wafer determ�ned the d�mens�onal stab�l�ty and phys�cal 

appearance of a complete wafer feed (Jayusmar et al., 2002). Wafer dens�ty was a 
measure of the cohes�veness of the sheet and the part�cle s�ze depended on the dens�ty 
of mater�als used and the amount of pressure exerted dur�ng the four sheets of wafer 
manufactur�ng process. Wafers that have a h�gh dens�ty of the feed would prov�de 
a sol�d and hard texture; so �t would be eas�ly �n both the storage and handl�ng of 
shocks dur�ng transportat�on and was expected to last longer �n storage (Tr�syul�ant� 
et al., 2003). Rat�on of a complete wafer dens�ty value was �nd�cated �n Table 5.

Wafer complete rat�ons w�th d�fferent compos�t�on of sago waste had no effect 
on dens�ty. Week-long storage of two bonds between the part�cles of the mater�al 
was st�ll strong. Wafer dens�ty decreased at week 4 to week 8. The �nteract�on 
between factor A (wafer complete rat�ons) and factor B (storage t�me) d�d not 
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s�gn�f�cantly affect the dens�ty of the wafer feed. The lowest dens�ty value obta�ned 
was �n treatment P3 wh�ch was 0.45±0.04 g/cm3, wh�le the h�ghest 0.78±0.04 g/
cm3. Dens�ty values were not stable due to h�gh relat�ve hum�d�ty caused the l�qu�d 
condensed on the surface of the mater�al; so that the surface mater�al became wet, 
and  was very conduc�ve to m�crob�al growth and damage. 

Table 5. Wafer complete rat�ons dens�ty w�th var�ous storage t�mes (g/cm3)

Treatment
Storage t�mes

2 weeks 4 weeks 6 weeks 8 weeks

P1 0.50±0.01 b 0.56±0.05 b 0.48±0.02 a 0.52±0.00 b

P2 0.78±0.04 c 0.65±0.06 c 0.58±0.05 b 0.50±0.08 a

P3 0.66±0.05 c 0.45±0.04 a 0.49±0.06 b 0.49±0.09 b

P4 0.78±0.33 c 0.52±0.06 a 0.51±0.01 a 0.61±0.00 b

The value of flats w�tth d�fferent supperscr�pts �n the same column showed a s�gn�f�cantly d�fferent at 
(P<0.05). P1= rat�on conta�n�ng 10% sago waste, P2= rat�on conta�n�ng 40% sago waste, P3= rat�on 
conta�n�ng 30% sago waste, P4= rat�on conta�n�ng 40% sago waste.

F�gure 1. Wafer complete rat�ons dens�ty w�th var�ous storage t�mes. P1= rat�on conta�n�ng 
10% sago waste, P2= rat�on conta�n�ng 40% sago waste, P3= rat�on conta�n�ng 
30% sago waste, P4= rat�on conta�n�ng 40% sago waste.
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Water activities
Wafers w�th a var�ety of d�fferent compos�t�on of sago waste d�d not s�gn�f�cantly 

affect the act�v�ty of water (Table 6). Storage t�me d�d not s�gn�f�cantly affect the 
act�v�ty of water. Water act�v�ty at the beg�nn�ng of week 2 to 8 was st�ll h�gh. Water 
act�v�ty was the amount of free water used for grow�ng m�croorgan�sms (Syar�ef 
and Hal�d, 1993). Storage up to 4 weeks d�d not change the color to black. The 
�nteract�on between factor A and factor B showed no s�gn�f�cantly d�fferent results. 
The lowest water act�v�ty obta�ned at P1 was equal to 0.60±0.05. Th�s was because 
the hum�d�ty was low, the l�qu�d surface of the mater�al would evaporate a lot; so 
that m�crob�al growth was hampered by dehydrat�on and a dark surface mater�al. 

Tabel 6. Wafer complete rat�ons of water act�v�ty w�th var�ous storage t�mes

Treatment
Storage t�me

2 weeks 4 weeks 6 weeks 8 weeks

P1 0.60±0.05 0.75±0.08 0.79±0.00 0.72±0.00
P2 0.72±0.02 0.73±0.03 0.79±0.00 0.75±0.00
P3 0.69±0.09 0.70±0.06 0.80±0.08 0.77±0.07
P4 0.70±0.06 0.74±0.07 0.82±0.07 0.80±0.01

The value of flats w�ts d�fferent supperscr�pts �n the same column showed a s�gn�f�cantly d�fferent at 
(P<0.05). P1= rat�on conta�n�ng 10% sago waste, P2= rat�on conta�n�ng 40% sago waste, P3= rat�on 
conta�n�ng 30% sago waste, P4= rat�on conta�n�ng 40% sago waste.

Conclus�on

Wafer complete rat�ons w�th d�fferent compos�t�on of sago waste does not 
affect the spec�f�c grav�ty, dens�ty of water act�v�ty, but affected water levels w�th the 
h�ghest value found �n the wafer w�th a compos�t�on of 40% sago waste. Storage for 
8 weeks old greatly �ncreases the water content, lower spec�f�c grav�ty and dens�ty, 
but does not affect the act�v�ty of water.  The wafers stored up to 6 weeks �s st�ll �n 
a good cond�t�on, but at 8 weeks of storage, the surface of the wafer start to ranc�d 
black.
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