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Abstract— Pumpkin is a potential source of vitamin A and antioxidant. Arrowroot starch as the source of carbohydrates contains a 
low glycemic index. However, the utilization of pumpkin and arrowroot starch as the source of food products is still limited. Both 
ingredients can be processed into nutritious food with practical servings. The objective of the research was to investigate the effect of 
pumpkin and arrowroot starch ratio and the rotation speed of the drum dryer on the physiochemical properties and the acceptability 
of the instant porridge. The various ratios of pumpkin and arrowroot starch in the study were 1:1, 2:1, 3:1, 4:1, and 5:1. The process 
of making instant porridge from pumpkin and arrowroot starch was using a drum dryer with a rotation speed at 1 and 1.5 rpm and a 
saturated steam pressure at 1 bar. The porridge yield was tested for physiochemical properties and acceptability. The variables of 
pumpkin to arrowroot starch and the rotation speed of the drum dryer affected the physical and chemical properties, and the 
acceptability of the instant porridge yielded. Based on amylograph characteristics, the instant porridge had amylograph 
profile type C, except on pumpkin and arrowroot starch in a ratio of 5:1 with drum dryer rotation speed at 1 rpm.  The 
best and most acceptable instant porridge according to the panelists was obtained at the ratio of 5:1 with 1.5 rpm speed.  
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I. INTRODUCTION 

Pumpkin (Cucurbita moschata D.) is a type of annual 
plants from the Cucurbitaceae family. The pumpkin fruit has 
yellowish-orange skin and flesh, is fibrous and sweeter than 
the other varieties of pumpkin [1]. Three Cucurbita familia 
include Cucurbita pepo, Cucurbita moschata and Cucurbita 
maxima [2]. The three familia contain 0.06-7.4 mg/100 g β 
carotene, 0-7.5 mg/100 g α carotene and 0-17 mg/100 g 
lutein [3]. Pumpkin can have three to four months of post-
harvest shelf life. However, once the skin is peeled, pumpkin 
becomes vulnerable to tenderisation, microbe, color change, 
and rotting. Storing pumpkin in nitrogen at 4oC enhanced the 
retention of all-E-carotenoids in dehydrated pumpkin [4]. 
Pumpkin is rich in bioactive compounds, β carotene, vitamin 
A, and tocopherol [5]. Besides vitamin A, pumpkin also 
contains vitamin B6, K, C, thiamine, and riboflavin. 

Pumpkin also provides a good source of nutrition such as 
carotenoid, vitamin B2, C, and E; contains low energy and a 
considerable amount of fiber [6]. Pumpkin is a nutritious and 
functional vegetable because it is fortified with α-tocopherol, 
β carotene, vitamin C, phenol, flavonoid, amino acid, and 
carbohydrate [5]. Pumpkin flesh contains crude fiber, total 
fiber, soluble fiber, insoluble fiber as much as 1.06; 19.10; 
15.68 and 4.00%, respectively [7]. Polysaccharide in 
pumpkin has a hypoglycemics activity [8], anticoagulant 
activity [9], and antitumor [10]. 

The levels of diphenyl picrylhydrazyl (DPPH) Trolox 
equivalent and total phenol of fresh pumpkin are 362.47 
µmol/10 g and 47.26 gallic acid equivalent (GAE)/10 g, 
respectively [11]. Carotenoid in pureed pumpkin consists of 
lutein, £ carotene, α carotene, β carotene, and cis β carotene 
as much as 0.58; 4.21; 11.47; 17.81 and 1.98 µg/g, 
respectively [12]. Polysaccharide in pumpkin can cure mice 
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with type 2 diabetes by improving the insulin tolerance, 
lowering blood glucose, total cholesterol, low-density 
lipoprotein (LDL), and improving high-density lipoprotein 
(HDL) [13]. Polysaccharide in pumpkin consists of xylose, 
arabinose, glucose, rhamnose, galactose, and glucuronic acid. 
Polysaccharide shows an optimum scavenging role as an 
antioxidant [14]. Supplementing chayote (Sechium edule) as 
much as 1 ml/100 g body weight can lower the level of total 
cholesterol, triglyceride, LDL, and increase HDL [15]. 

Pumpkin can be processed into several products such as 
jam, jelly, and syrup [12]. Previous research on pumpkin 
drying used methods such as sun drying [16], and 
microwave drying [17], combined microwave-hot air drying 
[18], and microwave vacuum drying [19]. The chemical 
compositions of pumpkin flour are 6.9% water content; 2.6% 
protein; 4.8% ash; 8.9% fibre, and 312.4 mg/100 g total 
carotene [20], [21]. Pumpkin flour has been distributed for a 
noodle product [22]. Pumpkin flour is substituted with 
tempeh flour with a ratio of 33:19 to make instant porridge 
for babies, resulting in an acceptable instant porridge 
product according to the panelists [23]. Substituting wheat 
flour with 2.5% arrowroot flour results in an organoleptic 
sensory and an increased carotene level [24]. The pumpkin 
that is used for baking cake could increase the nutrition 
value and acceptability of the cake [25]. The bread that is 
substituted with pumpkin flour and fed to lab mice resulted 
in a decreasing number of pathogenic bacteria 
(bifidobacteria) that form lactic in the digestive tract [26]. 
Processing pumpkin porridge can increase the level of the 
total phenolic and antioxidant activity [11]. 

Arrowroot starch is one of the products of arrowroot 
(Maranta arundinaceae) that contains 16-27% amylose [27]. 
Arrowroot is one of the sources of carbohydrate in Indonesia; 
however, its utilization as a food product is still limited. 
Most studies on arrowroot focused on carbohydrates, 
particularly starch [28], [29]. Based on the high level of 
amylose, arrowroot starch is a potential alternative to rice-
based carbohydrate [30]. The degree of polymerization of 
arrowroot starch reaches 68.3%. The amylopectin chain in 
arrowroot starch ranges from short to medium length (13-30) 
with a crystalline structure [31]. The granules of arrowroot 
starch are oval-shaped with type A gelatinization profile [32]. 
The size of the starch granule is 7-16 µm with a smooth 
surface [33]. The advantages of arrowroot starch are 
digestible [28], easy to gelatinize [33], and potential for an 
edible film [34].  

Porridge is a type of nutritious food that is common for 
breakfast which consists of different cereals or legumes 
cooked in water or milk. Porridge has a mushy consistency. 
Another type of porridge is instant porridge that simply 
needs warm water instead of cooking [35]. Bread made of 
pumpkin substitution showed increased acceptability 
compared to wheat flour [36]. To make powder from fruit or 
vegetables, a drum dryer provides many benefits to the 
product such as bearing optimum physical properties, 
efficient, economic, and practical [22]. The drum dryer is 
suitable for developing instant products [37]. A drum dryer 
is generally used in the food industry such as baby food, 
milk, cereal, fruit and vegetable porridge, and starchy 
products [38]. Processing pumpkin porridge using a drum 
dryer under 313.54 kPa steam pressure at 1.27 rpm rotation 

produced pumpkin flour with pleasant physical properties, 
aroma, and flavor [22]. The higher the temperature in the 
drum dryer, the faster the cooking process and the lower the 
water content [39]. 

Pumpkin and arrowroot starch is the potential nutritious 
food material as the source of β carotene, antioxidants, fiber 
and calories. The objective of this study was to investigate 
the physiochemical properties and acceptability of instant 
porridge made of pumpkin and arrowroot starch.  

II. MATERIALS AND METHODS 

A. Materials 

The primary materials for this research were pumpkin and 
arrowroot starch. The pumpkins were obtained from 
Ungaran, Central Java, Indonesia. The characteristics of the 
pumpkins were at the peak ripening stage (harvested at three 
months) and showed orange skin and flesh. The pumpkins 
weighed 8-10 kg each. Arrowroot starch was obtained from 
the arrowroot starch artisan “Mekar Jaya” in Pajangan, 
Bantul, Yogyakarta, Indonesia. The equipment used for the 
research was a drum dryer to make instant porridge made of 
pumpkin and arrowroot starch. The chemical substances 
used for the analysis were the pro analysis chemicals. 

B. Making Instant Porridge 

Pumpkin was cut into four parts, the seeds and guts 
scraped. The flesh was chopped using a 2 x 2 x 2 cm3 

stainless steel knife. The chopped pumpkin and arrowroot 
starch were weighed for different treatment ratio (1:1, 2:1, 
3:1, 4:1, and 5:1). Each treatment of 200 ml aquadest was 
added and blended to obtain a slurry mixture of pumpkin and 
arrowroot starch with a homogenous and smooth texture. 
The yielded slurry was then processed using a drum dryer 
with a rotation speed at 1 and 1.5 rpm with 1 bar pressure. 
The instant porridge yielded was in the form of flakes with 
0.03 mm thickness which was ground using a grinder and 
then sieved using an 80 mesh.  

C. Analysis 

The analysis for the experiment consisted of measuring 
water content with drying method [40], ash content with dry 
ashing method [40], fat content with a micro Kjeldahl 
method [40], and starch content with perchloric acid 
extraction [40]. The level of β carotene was measured using 
a spectrophotometer at a wavelength of 436 nm, and the 
antioxidant activity was measured using the DPPH method 
[40]. The level of amylose [41], resistant starch [40], the 
characteristics of starch granule was analyzed using 
Scanning Electron Microscopy [31], while yield count [42] 
oil holding capacity [43]. Bulk density [44], and profile 
pasting was subject to Rapid Visco Analyzer (RVA) [45]. 
RVA determined the characteristics of starch paste. As much 
as 3±0.01 g instant porridge was put into an RVA tube that 
contained 25 ml aquadest. The container was rotated at 160 
rpm at 50oC for 20 minutes. The temperature was increased 
from 50oC to 90oC for 5 minutes. Once heating became 
constant, the temperature was lowered to 50oC and 
maintained for 2 minutes. The RVA curve showed peak 
viscosity (PV), trough/hold viscosity (HV), breakdown (BD), 
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final viscosity (FV), setback (SB), pasting temperature (PT), 
and peak time. 

Sensory analysis of the instant porridge included color, 
aroma, flavor, consistency, and overall evaluation using the 
hedonic method. The panel consisted of 30 semi-trained 
panelists who were the students of the Department of Food 
Science and Technology, Faculty of Agroindustry, 
University of Mercu Buana Yogyakarta. The 5-point 
Hedonic scale read 5 (like very much), 4 (like), 3 (neutral), 2 
(dislike) and 1 (dislike very much). As much as 20 g of 
instant porridge was mixed with 30 mL hot water 95oC ± 1,   
and stirred to homogenous. The ready instant porridge was 
served to the panelists, 1 g each.  

D. Statistical  Analysis 

The research used a randomized block design that 
consisted of two factors namely pumpkin: arrowroot starch 
ratios (1:1, 2:1, 3:1, 4:1, and 5:1), and the rotation speed of 
the drum dryer (1 and 1.5 rpm).  The results were analyzed 
using the F test, and any significant results would be 
analyzed further using the Duncan test at 5% significance.  

III.  RESULT AND DISCUSSIONS 

A. Basic Chemical Properties 

The basic ingredients for instant porridge consisted of 
pumpkin and arrowroot starch. The chemical properties of 
pumpkin and arrowroot starch are presented in Table 1. The 
essential components in pumpkin are 16,571.78 µg/100 g β 
carotene; 46.31% antioxidant activity and 0.06% phenol. 
The antioxidant activity expressed in Trolox had the 
equivalent value in pumpkin Cucurbita maxima, and 
Cucurbita moschata was 2.61±0.04 and 1.92±0.01 
mmol/100 g, respectively [46]. The level of β carotene in 
pumpkin varied between 1.6 and 45.6 mg/100 g [47]. The 
main component of arrowroot starch was carbohydrate, 
particularly starch (78.94%). Arrowroot starch is the source 

of energy (320.02 Cal/100 g); therefore, it is the potential 
source of energy in instant porridge. The crude fiber in 
pumpkin takes up 2.17%, but in the flesh alone is 1.06% [7]. 

TABLE I 
CHEMICAL COMPOSITIONS OF BASIC MATERIALS 

Components Pumpkin Arrowroot 
starch 

Water (%) 77.62±0.35 14.45±0.06 
Ash (%) 1.21±0.04 1.98±0.01 
Protein (%) 2.12±0.07 0.45±0.05 
Fat (%) 0.64±0.04 0.35±0.02 
Carbohydrate (%) 16.23±0.15 81.80±0.12 
Starch (%) 11.36±0.12 78.94±0.69 
Energy (Cal/100 g) 77.32±0.27 320.02±3.39 
Fiber (%) 2.17±0.02 0.95±0.05 
Non soluble fiber (%) 2.39±0.01 1.85±0.07 
Soluble fiber (%) 0.53±0.53 0.31±0.02 
Total fiber (%) 2.92±0.06 2.16±0.13 
Beta carotene µg/100 g 16,571.78±15.02 

 Antioxidant activity (%) 46.31±0.09 
Phenol (%) 0.06±0.001 

 
Table 1 above also shows the level of crude fiber in 

pumpkin is expectedly due to different harvest time and 
planting region. Both main components are the potential 
combination for instant porridge made of pumpkin and 
arrowroot starch. Porridge is beneficial as the potential 
source of provitamin A, antioxidant, fiber, and energy. 
Arrowroot starch was not subjected to analysis of β carotene, 
phenol, and antioxidant activity. It was assumed that 
arrowroot starch did not contain β carotene, phenol, nor 
antioxidant activity. 

B. Physical Properties of  Instant Porridge  

The physical properties of instant porridge made of 
pumpkin and arrowroot starch included yield, bulk density, 
and water holding capacity (WHC), oil holding capacity 
(OHC), solubility and viscosity. The physical properties of 
instant porridge are presented in Table 2. 

TABLE II 
PHYSICAL PROPERTIES OF PUMPKIN AND ARROWROOT STARCH INSTANT PORRIDGE 

Pumpkin: 
arrowroot starch 

Rotation 
speed drum 
drier (rpm) 

Yield 
(%) 

Bulk density 
(g/ml) 

WHC 
(g water/g 
sample) 

OHC 
 (g oil/g 
sample) 

Solubility 
(%) 

Viscosity 
(cP) 

1:1 1 18.65±0.09i 0.31 ±0.01e 9.38 ±0.03a 0.25  ±0.01a 32.54 ±0.02a 14,783.67 ±75.51j 
2:1 1 18.29 ±0.04h 0.33 ±0.01de 9.65 ±0.02b 0.26 ±0.01ab 32.82 ±0.04b 12,959.00 ±27.87h 
3:1 1 17.59±0.15e 0.29 ±0.01d 10.92 ±0.04d 0.26 ±0.01ab 33.67 ±0.20c 11,454.67 ±7.57f 
4:1 1 16.54±0.11c 0.27 ±0.01b 11.35 ±0.09g 0.29 ±0.01c 34.72 ±0.19e 8,774.00 ±14.17d 
5:1 1 15.84±0.08b 0.27 ±0.01b 12.04 ±0.02i 0.37 ±0.01f 36.98 ±0.04h 8,393.00 ±19.00b 
1:1 1.5 18.76±0.10i 0.33 ±0.01f 10.21 ±0.02c 0.26 ±0.01ab 32.64  ±0.03a 13,495.00 ±44.71i 
2:1 1.5 18.10±0.05g 0.31 ±0.01e 10.77 ±0.03 d 0.26 ±0.01ab 32.95 ±0.04b 11,743.00 ±55.86g 
3:1 1.5 17.83±0.04f 0.30 ±0.01de 11.67 ±0.04f 0.29 ±0.01cd 34.07 ±0.05d 9,492.00 ±58.88e 
4:1 1.5 16.86±0.04d 0.28 ±0.00c 11.91 ±0.02 h 0.30 ±0.01d 34.94 ±0.02f 8,554.67 ±5.03c 
5:1 1.5 15.59±0.04a 0.25 ±0.01a 12.38 ±0.06i 0.31±0.01e 36.04±0.08g 8,233.00 ±48.21a 

 
1) Yield. Table 2 shows that the more pumpkin used in 

the porridge, the less yield produced. It was because the 
higher amount of pumpkin would decrease the total of the 
solid slurry. The variable of the rotation speed of the drum 
dryer significantly affected the instant porridge yield 
(p<0.05). The rotation speed of the drum dryer at 1.5 rpm 
resulted in a higher yield than that of 1 rpm because the 
porridge was drier when processed at 1.5 rpm rotation speed 
than at rpm. Instant pumpkin soup made using the drum 
dryer produced a higher yield namely 13.30% [48]. The 

yield of instant porridge made of pumpkin and arrowroot 
starch in all treatments ranged between 15.59-18.65%. The 
yield in this study was higher than that of instant pumpkin 
soup because the main ingredients consisted of pumpkin and 
arrowroot starch. 

2) Bulk Density: The bulk density of instant porridge 
across treatments ranged between 0.25 and 0.33 g/ml. The 
lowest bulk density was obtained from the treatment of 
pumpkin and arrowroot starch with a 5:1 ratio with a rotation 
speed at 1 rpm. The highest bulk density was from the 
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treatment 1:1 at 1.5 rpm speed. The bulk density of pumpkin 
powder produced from drying temperature of 50, 60, and 
70oC was 0.62; 0.86 and 0.91 g/ml, respectively [49]. The 
rotation speed of the drum dryer at 1.5 rpm resulted in 
instant porridge with a higher bulk density than that at 1 rpm. 
It was because the ingredients remained in the roll of the 
drum dryer longer than that of the 1.5 rpm; therefore, the 
bulk density was higher, but the water content was lower. 
Bulk density was correlated with the texture and rehydration 
in the powder [50]. Bulk density affected the packaging and 
setting of particle density [51]. 

3)  Water Holding Capacity: The water holding capacity 
of the instant porridge was 9.38-12.38 g water/g sample. The 
different ratio of pumpkin and arrowroot starch and the 
rotational speed of the drum dryer affected water holding 
capacity. The ingredients at 1.5 rpm rotation speed had a 
longer contact than at 1 rpm, resulting in a dryer instant 
porridge. The dryer instant porridge had a higher water 
holding capacity than the less dry one. The higher amount of 
pumpkin equals a higher water holding capacity because of 
the hygroscopic characteristic of pumpkin powder. The 
water holding capacity of pumpkin dried at 50, 60, and 70oC 
was 3.50; 3.00; and 2.33 g water/g sample, respectively [49]. 
Water is holding a capacity of pumpkin powder processed 
by drying at 70°C and freeze drying at -50°C was 2.74 and 
2.60 g water/g powder, respectively [43]. 

4) Oil Holding Capacity: The oil holding capacity of 
instant porridge ranged between 0.25 and 0.37. The 
treatment ratio of pumpkin and arrowroot starch 5:1 showed 
the highest oil holding capacity with rotation speed at 1 and 
1, 5 rpm. Instant porridge with a higher pumpkin ratio had a 

higher oil holding capacity. It is because pumpkin powder 
can absorb the oil better than arrowroot starch. The oil 
holding capacity of pumpkin porridge was processed with 
drying at 50, 60, and 70oC was 4.42, 3.97, and 3.87, 
respectively [49]. 

5) Solubility:  Table 2 shows that the different treatment 
ratios of pumpkin and arrowroot starch and the rotation 
speed of the drum dryer affected the solubility of instant 
porridge. The study showed that the higher the pumpkin 
proportion at 1.5 rpm rotation speed, the more soluble the 
instant porridge yielded. The solubility of instant porridge 
ranged between 36.98 and 32.54%. Instant porridge is 
hygroscopic-easy to absorb water and dissolve in water. The 
oil holding capacity of pumpkin powder yielded from drying 
at 50, 60, and 70oC was 54, 50, and 43, respectively [49]. 

6) Viscosity: Table 2 shows that the treatment ratio of 
pumpkin and arrowroot starch and the rotation speed of the 
drum dryer affected the viscosity of instant porridge. The 
higher pumpkin proportion at 1.5 rpm rotation speed, the 
lower the viscosity. Drum dryer rotation speed at 1.5 rpm 
resulted in the decreasing viscosity compared to that at 1 
rpm. The viscosity of instant porridge is affected by the 
starch component. Starch gelatinization would increase 
viscosity. Accordingly, starch is generally used as a 
coagulant [50]. 

C. Chemical Components of Instant Porridge  

The chemical components of instant porridge consist of 
water, ash, fat, protein, starch, amylose, amylopectin and 
carbohydrate as presented in Table 3. 

TABLE III 
CHEMICAL COMPOSITIONS OF PUMPKIN AND ARROWROOT STARCH INSTANT PORRIDGES 

 

1) Water: The treatment of pumpkin: arrowroot starch 
affected the water content of instant porridge. The result of 
this study indicated that the higher the pumpkin ratio, the 
higher the water content of the porridge. The treatment of 
the rotational speed of the drum dryer also affected the water 
content of the porridge. The drum dryer at 1.5 rpm rotation 
speed produced instant porridge with lower water content 
than that at 1 rpm rotation. It was because, at 1.5 rpm, the 
ingredients had longer contact with the drum dryer; therefore, 
the water content was lower. In a study of making pumpkin 
flour using a drum dryer with rotation speed at 1.5; 1; and 
1.5 rpm, the pumpkin flour contained 4.00-10.02% water 

content [22]. The use of a drum dryer with 1 rpm rotation 
speed and 2 bar steam pressure resulted in 10.66% water 
content in dragon fruit/red pitaya (Hylocereus polyrhizus) 
flour [51]. Rotation speed and steam pressure in the drum 
dryer affected the water content of the product [52]. The 
water content of instant porridge made of pumpkin and 
arrowroot starch in this study was 4.81-6.37%. The low 
water content in the instant porridge would affect the shelf 
life: the lower the water content, the lower the water activity 
(aw).  Food products with lower aw have a longer shelf life. 

2) Ash: Table 3 shows that the ash content of instant 
porridge across treatments ranged between 1.46 and 2.93%. 

Pumpkin: 
arrowroot 

starch 
R

otation 
speed drum

 
drier (rpm

) 

Water  
(% db) 

Ash 
(% db) 

Fat 
(% db) 

Protein 
(% db) 

Starch 
(% db) 

Amylose 
(% db) 

Amylo-
pectin 
(% db) 

Carbohydr
ate 

(% db) 

1:1 1 5.35 ± 0.04cd 1.74± 0.02b 3.81±0.07f 2.40±0.04ab 51.67± 0.41f 31.29± 0.04i 68.71± 0.04a 83.96± 0.75b 
2:1 1 5.58 ± 0.07f 1.46± 0.04a 3.05±0.01d 2.78± 0.06c 44.33± 1.54e 25.42± 0.02g 74.57± 0.02c 85.95± 0.12d 
3:1 1 5.76 ± 0.07g 1.84± 0.01c 3.56±0.03f 3.88± 0.02de 32.75± 0.15b 24.07± 0.04e 75.93± 0.04e 84.69± 0.26c 
4:1 1 5.39± 0.05d 2.93± 0.01f 2.26±0.02a 4.11± 0.03e 31.06± 0.25b 20.07±0.03c 79.93± 0.03g 83.65± 0.21b 
5:1 1 5.35 ± 0.02cd 2.59± 0.06e 2.53±0.02abc 4.55± 0.10f 28.07± 0.06a 18.11± 0.03a 81.89± 0.03i 83.04± 0.28a 
1:1 1.5 5.17 ± 0.02b 1.47± 0.01a 3.34±0.02e 2.11± 0.l0a 52.90± 0.82f 31.27± 0.21i 68.72± 0.21a 87.92± 0.17e 
2:1 1.5 5.26± 0.01c 1.52± 0.01a 2.81±0.02cd 2.64± 0.03bc 45.38± 0.71e 27.52± 0.09h 72.48± 0.09b 87.76± 0.21e 
3:1 1.5 4.81± 0.06a 1.59± 0.02a 2.46±0.02ab 3.60± 0.03d 39.50± 0.81d 24.42± 0.32f 75.68± 0.32d 87.54± 0.06e 
4:1 1.5 5.48± 0.03e 2.07± 0.05d 2.58±0.06bc 4.15± 0.02e 36.54± 0.25c 20.37± 0.21d 79.63± 0.21f 84.73± 0.56c 
5:1 1.5 5.81± 0.07g 2.74± 0.03e 3.46±0.03e 4.57± 0.21f 31.52± 0.25b 19.11± 0.10b 80.89± 0.10h 83.64± 0.34b 
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The ash content in this study was similar to 3.18% of 
pumpkin flour [53]. The Indonesian national Standard 
requires ash content not to exceed 3.5 g/100 g [55]. 

3) Fat: Fat content in instant porridge across treatments 
in this study ranged between 2.26 and 3.81%. Fat content in 
treatment with 1.5 rpm drum dryer rotation speed was lower 
than that with 1 rpm because the ingredients had longer 
contact which caused more oil in the instant porridge to 
evaporate. Fat content in the pumpkin porridge is 1.16% [53], 
lower than the fat content in the present study because of the 
different ingredients used. The main ingredient in pumpkin 
flour is pumpkin, while in instant porridge for this study it 
was the combined pumpkin and arrowroot starch. Different 
ash content across treatments was due to the different ratio 
of pumpkin and arrowroot starch. The Indonesian National 
Standard requires fat content in instant porridge to not be 
less than 1.5 g/100 g and not more than 3.75 g/100 g. The fat 
content of instant porridge made of pumpkin and arrowroot 
starch in this study was by the national standard except for 
the pumpkin-arrowroot ratio 1:1 at 1 rpm rotation speed.  

4) Protein: The level of protein in the instant porridge 
across treatments ranged between 2.11 and 4.57%. The 
treatment ratio of pumpkin and arrowroot starch 
significantly affected the level of protein in instant porridge. 

The higher pumpkin proportion, the higher protein content 
compared to the treatment with less pumpkin. Pumpkin flour 
contained 5.06% protein [53]. The protein content of instant 
porridge in this study is lower because the ingredients of the 
porridge are pumpkin mixed with arrowroot starch. 

5) Starch, Amylose, Amylopectin, and Carbohydrate: 
The level of starch, amylose, amylopectin and carbohydrate 
of instant porridge tend to be similar. The more pumpkin 
proportion in the ingredient base the lower the level of starch, 
amylose, and carbohydrate of the instant porridge  
Yield. The percentage of starch, amylose, and amylopectin 
of the instant porridge was 28.07-52.90%, 18.11-31.27%, 
and 68.72-81.89%, respectively. The level of starch in 
foodstuff would affect the profile of pasta formulation 
according to evaluation using the rapid visco analyzer [55]. 
The level of amylose affected starch gelatinization 
temperature [50]. 

D. Amylograph Properties 

Amylograph properties of instant porridge across different 
treatments of pumpkin: arrowroot starch ratio with various 
rotation speeds of the drum dryer is presented in Table 4. 
The amylograph trend of instant porridge is presented in Fig. 
1 and 2.  

TABLE IV 
AMILOGRAPHY PROPERTIES OF PUMPKIN AND ARROWROOT STARCH INSTANT PORRIDGE 

Pumpkin: 
arrowroot 

starch 

Rotation 
speed  
drum 
drier 
(rpm) 

Gelatinization 
Temperature 

(oC) 

Peak Viscosity 
(RVU) 

Trough 
(RVU) 

Breakdown 
(RVU) 

Setback 
(RVU) 

Final 
Viscosity 
(RVU) 

Peak time 
(minutus) 

1:1 1 50.80±0.05e 503.00±1.70c 314.33± 0.57e 188.67±1.15c 217.67± 0.57h 493.33± 2.08e 3.06±0.02a 
2:1 1 50.07± 0.01a 636.67±2.80e 305.67± 2.00d 333.67±3.21e 194.00± 2.08g 497.33±1.53f 3.06±0.01a 
3:1 1 50.21±0.01c 1,509.00±1.00i 498.00± 2.00h 1013.33±3.05i 220.00± 2.00c 719.00±2.00i 3.06±0.01a 
4:1 1 50.16 ±0.01b 965.00±1.00g 442.67±8.73g 537.00±3.68g 184.67± 8.74f 619.00± 2.65h 3.20±0.01d 
5:1 1 - 71.00±0.00a 48.00±1.00a 25.67±1.53a 13.00±  1.00a 61.67±1.53a 3.13±0.01b 
1:1 1.5 50.47±0.02d 1,321.00± 1.00h 445.33± 0.57g 878.33±1.52h 246.00± 0.57i 690.00±2.00i 3.06±0.01a 
2:1 1.5 51.56±0.01f 597.33±1.15d 286.00± 5.29c 312.00±2.00d 167.67± 5.29e 457.00± 1.53d 3.26±0.01d 
3:1 1.5 50.21±0.01c 595.33±0.57d 288.33± 2.08c 308.00±2.00d 146.33± 2.08c 436.67± 2.00c 3.13±0.01b 
4:1 1.5 79.72 ±0.02h 768.33±2.80f 368.67± 1.53f 405.67±1.53f 158.67± 1.53d 526.00±2.00f 3.06±0.01a 
5:1 1.5 76.84±0.01g 245.00±1.00b 157.33± 2.31b 88.00±2.00b 88.67±  2.30b 243.33± 1.53b 6.20±0.01e 

 
 

 
Fig. 2 Profile of  RVA instant porridge made of  pumpkin and arrowroot starch at treatment drum dryer with rotation speed at 1 rpm 
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Fig. 3 Profile of RVA instant porridge made of pumpkin and arrowroot starch at treatment drum dryer with  rotation speed at 1.5 rpm 

 

1) Gelatinization Temperature: Table 4 shows that the 
gelatinization temperature was significantly different across 
treatments (p<0.05), with a range between 50.07 and 89.7oC. 
The gelatinization temperature of the raw material for instant 
porridge which consisted of pumpkin and arrowroot starch 
across treatments was 77.65-79.05oC. It shows that the 
gelatinization temperature of the instant porridge is lower 
than that of the raw materials because of the heat during the 
cooking process in the drum dryer. High gelatinization 
temperature in treatment 4:1 and 5:1 at 1.5 rpm rotation 
factor to the temperature was the composition of amylose, 
amylopectin, and fiber in the instant porridge. The 
temperature of the early gelatinization process was a 
phenomenon of complex physical properties of the starch 
which are affected by several factors such as the size of 
amylose and amylopectin molecules, and the heating media 
[50].  The treatment ratio of pumpkin and arrowroot starch at 
1.5 rpm rotation speed showed that the gelatinization 
temperature is higher than that at 1 rpm. It was because the 
starch composition decreased as the pumpkin proportion 
increased and contact with the drum dryer was longer at 1.5 
rpm than 1 rpm rotation speed. The instant porridge yield in 
treatment 5:1 at 1 rpm rotation rate did not record 
gelatinization temperature due to the absence of paste 
forming: the higher the amylose level, the more solid gel 
consistency in rice starch [30]. Arrowroot starch has a high 
amylose level of around 28.03-31.34% [33]. 

2) Peak Viscosity: Based on the result of the Rapid 
Visco Analyser, the treatment ratio of pumpkin and 
arrowroot starch affected the peak viscosity. Table 4 shows a 
significant difference in the peak viscosity of instant 
porridge (p<0.05). The peak viscosity of instant porridge 
ranged between 71.00 and 1,509.00 RVU, while the peak 
viscosity of the raw ingredients for porridge was 4,110.00-
5,470.00 RVU. The considerable different peak viscosity of 
instant porridge and the raw ingredients was because the 
instant porridge had undergone heat treatment during the 
process in the drum dryer. The peak viscosity of treatment 
ratio 5:1 with rotation speed at 1 and 1.5 rpm showed a 
highly significant difference. It was due to the different 
contact duration of pumpkin-arrowroot starch slurry with the 
drum dryer during the process. The slurry mixture had 

longer contact at 1.5 rpm rotation speed than that at 1 rpm. 
Heat treatment to starch affected viscosity. Cooking duration 
stimulated interaction between amorph and crystalline areas. 
This interaction would increase the solidity of the starch 
molecule; therefore, starch penetration decreased, and the 
limited starch granule swelling caused the decrease of peak 
viscosity [56]. The peak viscosity is correlated with the 
swelling starch power and the damage of starch granule [33]. 
The decreasing peak viscosity in noodles substituted with 
rice starch was affected by starch swelling [31].  

3) Trough Viscosity: Table 4 shows that trough viscosity 
showed a significant difference (p<0.05). Trough viscosity is 
the viscosity when the temperature stabilizes at 95oC for 10 
minutes. Heating for 10 minutes made the starch granule 
fragile and damaged; therefore, it decreased the viscosity. 
Trough viscosity of instant porridge ranged between 48.00 
and 498.00. The lowest viscosity (48.00 RVU) was obtained 
in instant porridge with 5:1 pumpkin and arrowroot starch 
ratio with a rotation speed at 1 rpm. The highest viscosity 
(498.00 RVU) was obtained in ratio 3:1 with rotation speed 
at 1 rpm. Trough viscosity shows the frailty of broken starch 
granule due to heating. A starch granule is more prone to 
damage and swelling due to the diminishing level of 
amylose [57]. Trough viscosity of instant porridge ranged 
between 48.00 and 498.00 RVU. The main ingredients of 
instant porridge showed trough viscosity between 4,110.00 
and 5,470.00 RVU. The decreasing trough viscosity in the 
main ingredients and the instant porridge is due to the 
heating process while cooking the instant porridge. 

4) Breakdown Viscosity: Breakdown viscosity is related 
to starch granule being prone to heating and stirring. Low 
breakdown viscosity leads to low hydration and swelling 
power [31]. The main ingredients of instant porridge showed 
breakdown viscosity between 2,242.00 and 2,612.00 RVU 
[40]. Breakdown viscosity of instant porridge is lower than 
that of the main ingredients. The cooking process of instant 
porridge lowered the breakdown viscosity due to heating 
which changed the starch granule through the gelatinization 
process.  

5) Setback Viscosity: Setback viscosity presented in Table 
4 shows a significant difference (p<0.05). Setback viscosity 
shows the potential gelatinization and tendency to 
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retrogradation. The result of the research shows that the 
setback viscosity value was 17.00-217.67 RVU. The setback 
viscosity of the main ingredients of instant porridge was 13 – 
217.67 RVU. The different value of setback viscosity in the 
main ingredients and instant porridge was due to heating 
during porridge making. Setback viscosity value is used to 
determine retrogradation tendency and syneresis [58]. 

6) Final Viscosity: Table 4 shows that the final viscosity 
of instant porridge is significantly different (p<0.05) in a 
range of 61.67 and 619.00 RVU. The treatment ratio of 5:1 
pumpkin and arrowroot starch with a rotation speed at 1 rpm 
show the lowest value of final viscosity (61.67 RVU). It was 
because the treatment did not produce a paste. Final 
viscosity is an important factor to determine the 
characteristics of starch and to indicate the paste stability 
against heat during processing [33]. Protein and starch form 
a complex compound with granule surface and decrease the 
viscosity of starch. The lower viscosity would result in a 
lower gelatin power [31].  

7) Peak Time: Peak time for instant porridge was 3.06-
6.20 minutes. Peak time refers to the time needed for the 

starch to form gelatine. The longest peak time was observed 
in treatment pumpkin: arrowroot starch 5:1 with rotation 
speed at 1.5 rpm. Starch gelatinization time is affected by the 
level of starch, particularly amylose [29]. The starch peak 
time of the main ingredients for instant porridge was 7.07-
7.60 minutes. The process of making instant porridge can 
shorten the starch gelatinization time. A short time for starch 
gelatinization is needed to prepare instant porridge before 
serving. 

Based on the description of the amylograph properties of 
instant porridge, it is evidenced that instant porridge had a 
type C amylograph profile. Type C amylograph profile can 
form paste-like sauce and porridge (instant or traditional). 
Instant porridge yielded from this research could form a 
paste, except for treatment pumpkin: arrowroot starch 5:1 
with rotation speed at 1 rpm. 

E. Photomicroscopy of  the Starch Granules of Instant 
Porridge 

The shape of the starch granules of the main ingredients 
and the instant porridge is presented in Fig. 4 and 5.  

 

Fig. 4 The structure of starch granule instant porridge made of pumpkin and  
arrowroot starch at treatment drum dryer with  rotation speed at 1 rpm   
RM = row material  

 
Fig. 5The structure of starch granule instant porridge made of pumpkin and  
arrowroot starch at treatment drum dryer with  rotation speed at 1.5 rpm  
RM = row material  

 
The starch granules in all treatment ratios of the pumpkin: 
arrowroot starch and treatment rotation speed were observed 
using Scanning Electron Microscopy. The shape of the 
starch granule of the main ingredients is round. It is different 
from that of the instant porridge because the starch granule 
of instant porridge had undergone gelatinization; therefore, 
the starch granule was broken and swollen. The treatment of 
drum dryer speed at 1 and 1.5 rpm showed a different effect 
on the same ratio of pumpkin and starch. It was because, at 
1.5 rpm rotation speed, the ingredients had longer contact 
with the drum dryer; therefore, the starch was completely 

gelatinized. With a constant water content, the increasing 
temperature and time would lead to the increasing size of the 
cavity in the starch granule. The changing shape of the 
starch granule would not occur when the heating was 
conducted at low heat or low water content [60]. 

F. Acceptability of Instant Porridge 

The Hedonic scale of instant porridge on the color, aroma, 
flavor, consistency and overall evaluation are presented in 
Table 5. 
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TABLE V 
HEDONIC SCALE OF PUMPKIN AND ARROWROOT STARCH INSTANT PORRIDGES 

 
1) Color: Table 5 shows that the hedonic scale of the 

color of the instant porridge ranged between 1.12-4.12 
(really dislike to like). The treatment of pumpkin and 
arrowroot starch 3:1 to 4:1 with drum dryer rotation speed 
produced instant porridge with favorable color. The higher 
pumpkin proportion, the more solid the orange color of the 
instant porridge. Orange color in pumpkin is derived from 
carotenoid [12]. The study of pumpkin powder dried at 60oC 
with drum dryer rotation speed at 6 rpm showed a hedonic 
scale from really dislike to neutral [61]. The most disliked 
color of instant porridge yielded in this study was obtained 
from the treatment of pumpkin and arrowroot starch 5:1 with 
a rotation speed at 1 rpm. It was because the color of the 
instant porridge was less vibrant. The change of color was 
due to a browning non enzymatic reaction, oxidation and β 
carotene isomerization [62]. In a study using cookies 
supplemented with 20% pumpkin flour, the yield color was 
redder than that with less than 20% supplementation [63]. 

2) Aroma: The aroma of instant porridge based on the 
hedonic scale was 2.60-4.04 (dislike to like). Table 5 shows 
that the higher the pumpkin proportion, the more favorable 
the aroma of instant porridge, except for treatment 5:1 with 
rotation speed at 1 rpm. The more pumpkin used, the more 
authentic and fresh the aroma of instant porridge; therefore, 
the aroma is more favorable. A study on cookies substituted 
with 20% pumpkin flour had a more favorable aroma than 
that cookies without pumpkin flour substitution [63]. 
Substituting 30% pumpkin flour in noodles resulted in the 
more preferred aroma [64]. 

3) Flavor: Table 5 shows that acceptability for instant 
porridge has a similar trend to aroma because the flavor is 
correlated with the aroma. Food with a preferable aroma was 
generally an acceptable product. Noodle substituted with 
30% pumpkin flour had flavor that was palatable to the 
panelists [64]. 

4) Consistency: The hedonic scale on the consistency 
parameter shows that the higher the pumpkin proportion, the 
less preferable the consistency. The instant porridge’s 
consistency would decrease as the component of starch 
diminished. Starch plays a role in the gelatinization process 
to form a gel and make the food consistent. The hedonic 
scale of noodle stickiness decreased as the substitution of 
pumpkin flour was increased [64]. Arrowroot starch is less 
stable with heating treatment as shown from the 
gelatinization profile that indicates high viscosity peak and a 
significant decrease of viscosity [32]. 

5) Overall evaluation. Table 5 shows that the overall 
acceptability of instant porridge ranged between 1.52 and 
4.00 (really dislike to like). The highest overall acceptability 
of instant porridge was derived from treatment pumpkin and 
arrowroot starch 5:1 with rotation speed at 1.5 rpm. 
Substituting 20% pumpkin flour to noodles based on the 
hedonic scale for overall evaluation was not significantly 
different from noodle without pumpkin [64]. Biscuits 
substituted with 2.5% pumpkin flour showed overall 
acceptability according to panelists [24]. Similarly, cake 
with 20% pumpkin flour substitution was acceptable overall 
to the panelists [21]. 

The best and most acceptable instant porridge according 
to the panelists was obtained from ratio 5:1 for pumpkin and 
arrowroot starch with rotation speed at 1.5 rpm. Chemical 
analysis was conducted to investigate the level of β carotene, 
antioxidant activity, phenol, starch resistant, fiber, insoluble 
fiber and energy. The result of the analysis showed that the 
porridge contained 3,422.48 µg/100 g β carotene, 46.42% 
antioxidant activity, 0.06% phenol, 0.19% starch resistant, 
11.97% fiber, 11.28% insoluble fiber, 1.33% soluble fiber, 
and 291.86 Cal/100 g energy. 

IV.   CONCLUSIONS 

Treatment ratio pumpkin: arrowroot starch and the 
rotation speed of the drum dryer affected the 
physicochemical properties and acceptability of the instant 
porridge yield in this study. The best and most preferred 
instant porridge according to panelists was obtained from 
treatment pumpkin: arrowroot starch with rotation speed at 
1.5 rpm. The physical properties of instant porridge included 
15.84% yield; 0.27 g/ml bulk density; 12.38 g water/g WHC; 
0.37 g oil/g OHC; 36.98% solubility; and 8,233.00 cP 
viscosity. The chemical properties included 5.52% water; 
2.74% ash; 2.54% fat; 4.57% protein; 31.52% starch; 
19.11% amylose; 80.89% amylopectin; 83.64% 
carbohydrate; 46.42% antioxidant activity; 3,422.48 µg/100 
g β carotene; 0.06% phenol; 0.19% resistant starch; 11.97% 
fiber; 11.28% insoluble fiber; 1.33% soluble fibre and 
291.86 Cal/100g energy. The amilograph characteristics of 
instant porridge consisted of a gelatinization temperature at 
76.84oC; 245.00 RVU peak viscosity; 157.33 RVU trough; 
88.00 RVU breakdown viscosity; 88.67 RVU setback 
viscosity; 342.33 RVU final viscosity and peak time 6.20 
minutes. The granule of the instant porridge is bigger and 
open. 

pumpkin: arrowroot 
starch 

Rotation Speed 
drum drier 

(rpm)  

Color Aroma Flavor Consistency Overall 
evaluation 

1:1 1 2.36±0.70b 2.84± 0.85a 2.88± 0.88cd 2.16± 0.47a 2.40± 0.58b 
2:1 1 2.52±0.77b 2.84± 0.80ab 2.12± 0.44b 2.44± 0.76b 2.64± 0.86b 
3:1 1 3.16± 0.80d 3.12± 0.72bcd 2.72± 0.89c 3.24± 0.87cde 3.20± 0.87de 
4:1 1 3.24± 0.72d 3.52± 0.51d 3.16± 0.85de 3.24± 0.72cde 3.04± 0.79cd 
5:1 1 1.12± 0.33a 2.60± 0.86a 1.48± 0.51a 2.80± 0.64bc 1.52± 0.87a 
1:1 1.5 2.88± 0.83c 2.96± 0.53abc 2.28±0.79b 2.96± 0.73cd 2.60± 0.84bc 
2:1 1.5 3.04±0.88d 3.24± 0.59bcd 2.80± 0.76c 3.32± 0.55de 2.96± 0.84cd 
3:1 1.5 3.96± 0.73e 3.32±0.81cd 3.36± 0.56ef 3.60± 0.70ef 3.64± 0.86ef 
4:1 1.5 4.00±0.71e 3.36± 0.81cd 3.64± 0.81f 3.24± 0.83cde 3.56± 0.87ef 
5:1 1.5 4.12± 0.78e 4.04± 0.53e 4.12±0.49g 3.84± 0.62f 4.00± 0.72f 
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