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1 Introduction
Wild yam is one of the tubers classified as a member of the 

Dioscoreaceae family and well-known as carbohydrates source. 
Yam tubers also contain some bioactive compounds, and the 
most recognized are dioscorin, diosgenin, and water-soluble 
polysaccharides. Dioscorin is a yam tuber storage protein, which 
is reported to have immunomodulatory activity (Liu  et  al., 
2007), antioxidants (Han  et  al., 2013), improves metabolic 
syndrome of obese rats, and reduces systolic blood pressure 
(Shih  et  al., 2015). Diosgenin, a natural steroidal sapogenin, 
occurs abundantly in plants such as yams (Tohda et al., 2017). 
Dioscin, is a glycoside of diosgenin, in yam reaches 2.7% in yam. 
Meanwhile, diosgenin is about 0.004% for cultivated yams and 
0.12-0.48% for wild yams. Diosgenin has been long used as raw 
material for steroidal drugs (Son et al., 2007). Diosgenin has 
many biological activities, such as anti-inflammatory, a potent 
antioxidant, anti-proliferative, hypoglycemic, and hypolipidemic 
(Tikhonova et al., 2014; Sethi et al., 2018). The ability to reduce 
cholesterol is related to cholesterol absorption inhibition and 
secretion (Son et al., 2007). Yam polysaccharide also reveals some 
biological activities, such as immunomodulatory, antioxidant, 
hypoglycemia, and antitumor (Huang et al., 2020).

However, the uses of wild yam tubers are limited due to 
the presence of toxic compounds in the form of cyanogenic, 

namely cyanogenic glycosides, acetone cyanohydrin, and cyanide 
acid (HCN) (Bradbury et al., 2011). Cyanogenic glycoside is a 
precursor of free cyanide, which might be hydrolyzed to acetone 
cyanohydrin with the assistance of β-glycosidase enzyme and 
then changed to free HCN (Panghal et al., 2019). Cyanide can 
bind oxygen in the blood so that it disrupts the respiratory 
system and causes symptoms of esophageal inflammation, 
dizziness, weakness, and seizures (Hendry-Hofer et al., 2019). 
Wild yam tubers contain HCN of 84.26 ppm (Kumoro et al., 
2011) and total cyanide of 379-739 ppm (Saleha et al., 2018). 
The forms of cyanogenic compounds of wild yams have not 
been studied. Cyanide ingestion of 50-100 ppm is acute and 
leads to lethality (Bandna & Chand, 2012). Residual cyanogen 
causes neurological disorders and paralysis (Siritunga & Sayre, 
2004; Kambale et al., 2017). The safe limit for cyanide in food 
products is 10 ppm (Burns et al., 2012).

Ferraro et al. (2016) reviewed the methods such as grating, 
grinding, and other tissue disruption techniques, which effectively 
reduce cyanides by facilitating cyanogenic compounds in 
vacuole to interact with β glucosidase in the cell wall, converting 
cyanogenic glucosides into HCN. HCN is easily removed by 
heating or solubilization. Some efforts to detoxify wild yam 
tubers have been studied limitedly, including leaching and 
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The presence of cyanide compounds restricts the utilization of wild yam (Dioscorea hispida) tubers for food or food ingredients. 
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showed that traditional detoxification methods reduced total cyanides 97%, cyanogenic glycosides 98-100%, acetone cyanohydrin 
89-97%, and HCN 94-95%; also affected degree of cyanogenic compounds removal. Pregelatinization also reinforced the degree 
of cyanogen removal. Tuber flour physicochemical properties were affected by detoxification methods and pregelatinization. 
Modification of starch might occur due to the presence of SiO2 and calcium in rubbing ash and affected functional properties of 
wild yam tuber flour. Starch granule morphology appeared not to be affected by detoxification methods. Traditional detoxification 
methods could be used to make a safe wild yam tuber flour.
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Practical Application: Traditional detoxification successfully reduced cyanogenic compounds in wild yam tuber to the safe level.
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steaming (Kumoro et al., 2011), boiling, roasting, and soaking 
in the flowing water (Ashri et al., 2014).

In Indonesia, traditional detoxification of wild yams are 
used to process wild yam tuber chips, including ash rubbing, 
pressing, and soaking, and then steaming/boiling and drying. 
Different locations of wild yam chip production have slightly 
different detoxification methods. Processing wild yams into flour 
as an intermediate ingredient could extend its uses. Traditional 
detoxification is expected to be used before wild yam flour 
preparation. The flour characteristics are supposed to be affected 
by the detoxification method. Therefore, the objective of this 
study was to evaluate the effect of the detoxification method on 
cyanogenic compounds removal and the physicochemical and 
functional properties of wild yam tuber flour.

One of the limitations of native flour is its low swelling and 
water-binding capacity that restricts its uses. Modification of flour 
is aimed to resolve such problems, one being the pregelatinization 
method (Dos Santos et al., 2019). During traditional wild yam 
detoxification in yam chips processing, the sliced wild yam tubers, 
after ash rubbing, pressing, and soaking, are steamed and then 
dried. Pregelatinization causes the starch granule structure to be 
damaged and thus increases solubility, swelling, viscosity, and 
water absorption (Sun et al., 2018). Pregelatinized flour is used 
as a thickener or filler and is also used as the main ingredient 
in several food products. The purpose of this study was also to 
determine the effect of pregelatinization on the properties of 
wild yam tuber flour.

2 Materials and methods

2.1 Materials

Wild yam tubers were obtained from the teak forest in 
Nganjuk Regency, East Java, Indonesia. The ash for rubbing from 
wood and rice straw was prepared traditionally by burning them 
until the color of residue was greyish white. Crude salt was also 
used for rubbing. Chemicals for analysis were pure analytical 
grades obtained from Merck (Germany).

2.2 Traditional detoxification of wild yam tubers

Detoxification of wild yam tubers followed four methods 
of traditional wild yam chips processing based on 4 locations: 
method 1 from Kandangan Sub-District, Kediri Regency, East 
Java; method 2 from Paiton Sub-District, Probolinggo Regency, 
East Java, method 3 from Wates Sub-District, Kediri Regency, 

East Java, and method 4 from Ngaglik Sub-District, Blitar 
Regency, East Java.

Detoxification of wild yam tubers was as follows: after peeling 
and washing, wild yam tubers were sliced using a traditional 
slicer to the thickness of ± 5 mm. The sliced tubers were rubbed 
by ash with or without salt. The ratios for each method were 
pure wood ash for method 1, 25:1 wood ash to salt for method 
2, 50:1 wood ash to salt for method 3, and 5:1 mixture of wood 
ash and rice straw ash (2:1) to salt for method 4. The mineral 
compositions of the ash of each method were analyzed using 
X-Ray Fluorescence (XRF, PANalytical/Minipal 4). Traditionally, 
the amount of ash and salt for rubbing was sufficient to cover all 
of the surfaces of the sliced tubers. The rubbed sliced tubers were 
let to stand for 2 hours and then were put into gunny sacks. The 
rubbed sliced tubers were traditionally pressed using a big stone 
above the gunny sack. This process was conducted for 12 hours.

After pressing, the rubbed sliced tubers were drained 
for 4 hours. Then the sliced tubers were soaked for 36 hours 
(method  1), 12 hours (method 2), 48 hours (method 3), or 
36  hours (method 4) with the soaking water changed with 
fresh water every 2 hours. For non-pregelatinized flour, after 
soaking, the sliced tubers were dried in a cabinet dryer for 
4 hours at 60°C. The dried chips were ground and sieved 80 
mesh. Pregelatinized wild yam tubers were prepared as usually 
conducted in traditional wild yam tuber chips processing. In 
method 1, the soaked sliced yam tubers were boiled for 30 min, 
boiled for 15 min (method 2), boiled for 15 min (method 3), or 
steamed for 30 min (method 4). The chips were then dried in 
a cabinet dryer for 4 hours at 60°C, ground, and sieved for 80 
mesh. The differences of each traditional detoxification method 
are listed in Table 1.

2.3 Chemical analysis

The cyanogenic compounds of fresh tuber and tuber 
flour of wild yams consisted of cyanogenic glucoside, acetone 
cyanohydrin, and cyanide acid (HCN) and each was analyzed 
according to the method of Bradbury et al. (1991). Proximate, 
starch, and amylose analysis of fresh tuber and tuber flour was 
according to AOAC (2011) methods. Amylose was measured 
spectrophotometrically by the iodine method, and starch was 
quantified by the acid hydrolysis method.

2.4 Physical analysis

A diffractogram of the wild yam flour samples was obtained 
using an X-ray diffractometer (XRD, PANalytical X’Pert Pro) to 

Table 1. The differences of 4 traditional detoxification methods of wild yam (Dioscorea hispida) tuber chips processing.

Processing Step Method 1 Method 2 Method 3 Method 4
Rubbing Wood ash only Wood ash: salt 25:1 (w/w) Wood ash: salt 50:1 (w/w) Wood ash: rice straw ash 2:1 

(w/w) ash: salt 5:1 (w/w)
Pressing 12 hours 12 hours 12 hours 12 hours
Soaking 36 hours 12 hours 48 hours 36 hours
Pregelatinization Boiling 30 min Boiling 15 min Boiling 15 min Steaming 30 min
Method 1: from Kandangan Sub-district, Kediri Regency; Method 2: from Paiton Sub-district, Probolinggo Regency Regency; Method 3: from Wates Sub-district, Kediri Regency; 
Method 4: from Ngaglik Sub-district, Blitar Regency.
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determine starch diffraction patterns. The analysis conditions 
were 100 mA for current, Cu target, 2θ = 4-60° for the 2° angle, 
40 kV for tube pressure, 0.02° for step length, and 6°/min for 
scanning speed.

2.5 Functional properties analysis

Water absorption capacity (WAC), oil absorption capacity 
(OAC), and swelling power (SP) were determined as described 
by Manupriya et al. (2020).

2.6 Starch granule morphology analysis

Granular morphology wild yam starch samples were observed 
using scanning electron microscopy (SEM, FEI type Inspect S50). 
The images were captured at a magnification of 5000.

2.7 Data analysis

This study used a completely randomized factorial design. 
The data were analyzed using a two-way analysis of variance by 
software Minitab 17. The Least Significant Difference was used 
to analyze the differences of the treatments.

3 Results and discussion

3.1 Traditional detoxification of wild yam (Dioscorea 
hispida) tuber

The predominant mineral in the rubbing ash for all 
detoxification methods is calcium, and potassium is the second 
most abundant mineral (Table 2). Other minerals are also found 
in ash for all methods, such as Ti, Si, Ba, Al, and P, with different 
concentrations. The ash in method 4 that uses rice straw ash 
for rubbing contains the highest SiO2. The excessive ash used 
for rubbing the wild yam tuber slices is aimed to leach out the 
cell fluid that contains cyanogenic compounds due to different 

concentrations of minerals between inside and outside tissue. 
The cell fluid leaching is aggravated by subsequent pressing 
treatment after ash rubbing.

Cyanogenic glucoside is hydrolyzed by β glucosidase to glucose 
and acetone cyanohydrin. Furthermore, acetone cyanohydrin 
decomposes to acetone and hydrogen cyanide under neutral 
conditions (Bolarinwa  et  al., 2016), or due to the activity of 
hydroxy nitrile lyase (HNLase). Slicing before rubbing also 
disrupts the cell wall and enables the cyanogenic compounds 
degrading enzymes to contact their substrate. Although, the 
location of cyanogenic compounds and their degrading enzymes 
in wild yam tubers are still unknown. However, in many plants, 
the locations of cyanogenic compounds and their enzymes 
are different. Bolarinwa et al. (2016) reviewed that in young 
sorghum leaves. The cyanogenic compound (dhurrin) is located 
in vacuoles; meanwhile, their hydrolyzing enzyme is located in 
the cytoplasm. The leaf tissues of cassava are free of cyanide due 
to the separated locations of the enzyme and the substrates.

Ash rubbing the sliced wild yam tuber increases the pH 
value into alkaline. In alkaline pH, presumably endogenous 
wild yam tuber degrading enzymes such as β glucosidase and 
HNLase were activated. Some studies showed that optimum 
pH for β glucosidase activity varies depending on the enzyme 
sources, such as 5.0 for β glucosidase from almond and Thai 
rosewood and 6.5 from cassava (Svasti et al., 2003). Microbial 
β glucosidases have optimum activity at pH range of 4-8.5, 
from the plant at the pH of 5-7, and the animal at pH 5-6.5 
(Singh et al., 2016). The β glucosidase activity from wild yam 
is still limitedly explored, and the optimum pH for its activity 
has not been studied. Traditionally, the ash rubbing in wild yam 
tuber detoxification is conducted in the beginning. Presumably, 
in this step, β glucosidase degrades cyanogenic glycosides. The 
leaching of cell liquid due to the cell disruption during slicing 
and subsequently pressing in the presence of ash also reduces 
the cyanogenic compounds from tuber tissue.

Table 2. Mineral composition (%) of rubbing ash for wild yam detoxification.

Mineral (%) Oxides
Rubbing Ash

Method 1 Method 2 Method 3 Method 4
Ca CaO 82.10 78.14 61.60 58.70
K K2O 8.67 6.85 16.70 8.04

Nd Nd2O3 - 6.40 - 10.00
Si SiO2 4.84 4.54 8.19 18.70

Mo MoO3 - - 4.17 -
Mn MnO - - 4.00 -
P P2O5 1.07 1.10 1.55 1.50

Ba BaO 1.70 1.00 1.00 1.00
Al Al2O3 - - 1.00 -
Mg MgO - - 0.81 -
S SO3 0.713 - - -

Cr Cr2O3 - 0.67 - 1.00
As As2O3 0.60 - - -
Ti TiO2 0.31 0. 31 0.44 0.10
V V2O5 - - 0.20 -

Method 1. 2. 3 used wood ash. method 4 used combination of wood ash and rice straw ash.
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The soaking time of the pressed sliced wild yam tuber is 
different for each method. The soaking water is replaced by 
freshwater every 2 hours thus the microbial growth probability is 
low. This step is aimed to remove soluble cyanogenic compounds. 
The primary mechanism of cyanogenic compounds removal in 
this step is solubilization. Drying after soaking involves heating 
that evaporates cyanide acid from cyanogenic glucoside and 
cyanohydrin from the former steps.

3.2 Cyanogenic compounds of fresh wild yam (Dioscorea 
hispida) and tuber flour

Wild yam tubers contain appreciable amounts of cyanogenic 
compounds of 83 ppm that exceed the maximum safe consumption 
limit (Table 3). Hargono et al. (2017) reported total cyanides of 
176 ppm in wild yam tubers, meanwhile Kumoro et al., 2011 
showed an HCN level of 46.30 ppm. Cyanogenic glycosides are 
the main cyanogen in wild yam tubers. Other species of yams 
contained cyanogen of 3-6 ppm (Bhandari & Kawabata, 2004). 
The difficulty of cyanogen removal from wild yam tubers is high 
amounts of cyanogenic glycosides. Free HCN is liberated from 
acetone cyanohydrins spontaneously or with the assistance of 
HNLase.

Traditional detoxification sharply reduced cyanogenic 
compounds in wild yam flour. Total cyanides achieved a safe 
level of consumption below 10 ppm, which ranged from 1.09 to 
2.14 ppm. The degree of total cyanides removal for all treatments 
was 97%. Kumoro et al. (2011) reported that steaming for 2 
hours could reduce HCN by 35.28%. Table 3 shows that different 
traditional detoxification methods revealed a similar degree of total 
cyanides removal. Bolarinwa et al. (2016) reviewed that cassava 
dough or pulp fermentation for 4–5 days decreased total cyanide 
by 52–63%. However, fermentation in cocoyam flour processing 
decreased cyanogen levels by 98.6%. Successive treatments in 
the traditional detoxification result in a sharp decrease of all 
cyanogenic compounds including reduce cyanogenic glycosides 
successfully. This compound is the primary constraint in wild 
yam tuber utilization because it is not easily removed by simple 
and single processing.

The degree of cyanides removal is affected by their compound 
types, and the highest removal was found in cyanogenic glycosides 

by about 99%. This compound is not easy to remove because 
of low volatility during heating. Ash rubbing, pressing, and 
soaking in traditional detoxification methods are supposed to 
reduce cyanogenic glycosides. The primary supposed mechanism 
of cyanogenic glycosides reduction is solubilization and the 
hydrolysis of cyanogenic glycosides by endogenous β glucosidase. 
Sufficient contact of this enzyme with its substrate is facilitated 
by slicing and pressing and ash rubbing also eases the liquid 
cell containing cyanogen to leach out. Among 4 methods, wild 
yam tuber flour of method 1 and pregelatinization showed the 
lowest concentration of cyanogenic glycosides. This method 
used wood ash only for rubbing, 36 hours of soaking, and 30 
min of boiling. Other methods used a combination of ash and 
salt for rubbing. Perhaps the presence of more minerals, as 
shown in Table 2 leads to more liquid cells leaching out, thus 
sharply reducing cyanogenic glycosides. The pressing time of 
4 methods was similar, and while pressing, the β glucosidase 
might react with its substrate to hydrolyze cyanogenic glycosides 
into acetone cyanohydrin.

The acetone cyanohydrin removal for all methods is about 
89-97%. The occurrence of acetone cyanohydrin in fresh wild 
yam tubers is the lowest among cyanogenic compounds. This 
intermediate product is naturally found in a low level because 
of the restricted contact of β glucosidase in the cell wall with 
its substrate cyanogenic glycosides in vacuoles. It is supposed 
that acetone cyanohydrin is formed in a large amount during 
detoxification, possibly in the ash rubbing and pressing steps. 
Slicing and pressing let the enzyme contact with cyanogenic 
glycosides substrate. However, heat treatment by boiling/
steaming and drying in the next steps might decompose 
acetone cyanohydrin into acetone and hydrogen cyanide 
(HCN). Therefore, this cyanogenic compound was found in 
low amounts. The method 1 and pregelatinization revealed the 
highest acetone cyanohydrin removal degree in the tuber flour. 
The lowest removal degree was found in the tuber flour from 
methods 3 and 4 and non-pregelatinization. Both methods 
used longer soaking time than methods 1 and 2 but revealed a 
slightly higher amount of acetone cyanohydrin. Presumably, this 
difference was related to the rubbing ash used. Longer soaking 
time resulted in lower acetone cyanohydrin levels due to longer 

Table 3. Cyanogenic compounds of wild yam (Dioscorea hispida) fresh tuber and flour.

Detoxi-
fication Treatment

Cyanogenic Glycosides Acetone Cyanohydrin Free HCN Total Cyanides
Concentra-
tion (ppm)

Removal 
(%)

Concentra-
tion (ppm)

Removal 
(%)

Concentra-
tion (ppm)

Removal 
(%)

Concentra-
tion (ppm)

Removal 
(%)

Method 1 Non-pregelatinization 0.45 ± 0.03c 99.18 0.11 ± 0.01a 97.19 1.33 ± 0.07 94.58 1.89 ± 0.42 97.73
Pregelatinization 0.34 ± 0.05e 99.38 0.10 ± 0.05a 97.44 1.32 ± 0.04 94.62 1.76 ± 0.28 97.88

Method 2 Non-pregelatinization 0.49 ± 0.01b 99.10 0.14 ± 0.09a 96.42 1.34 ± 0.09 94.54 1.97 ± 0.16 97.63
Pregelatinization 0.45 ± 0.02c 99.18 0.13 ± 0.04a 96.68 1.33 ± 0.04 94.58 1.95 ± 0.16 97.66

Method 3 Non-pregelatinization 0.56 ± 0.02d 98.98 0.41 ± 0.05b 89.51 1.37 ± 0.02 94.42 2.34 ± 0.54 97.19
Pregelatinization 0.49 ± 0.03b 99.10 0.13 ± 0.03a 96.68 1.35 ± 0.02 94.50 1.97 ± 0.09 97.63

Method 4 Non-pregelatinization 0.56 ± 0.02a 98.98 0.41 ± 0.05b 89.51 1.37 ± 0.02 94.42 2.34 ± 0.32 97.19
Pregelatinization 0.53 ± 0.09e 99.03 0.36 ± 0.06b 90.79 1.36 ± 0.06 94.46 2.25 ± 0.42 97.30

Fresh yam tuber* 54.74 ± 0.17 3.91 ± 0.28 24.55 ± 0.21 83.20 ± 0.11
The value with different notation means significantly different at p > 0.05. * wet basis
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solubilization. Kumoro et al. (2011) reported that soaking time 
affected HCN removal in wild yam.

HCN removal degree in the wild yam tuber flour for all 
methods was 94-95%. Free HCN was also found in the fresh 
wild yam tuber, although its level was lower than cyanogenic 
glycosides. Traditional detoxification methods and non- or 
pregelatinization showed insignificant differences. Nevertheless, 
the highest HCN removal degree was found in method 1 with 
pregelatinization. Pregelatinization for all methods showed a 
lower HCN level than non-pregelatinization. Additional heating 
by boiling or steaming caused more HCN to evaporate. Boiling 
is better than steaming to remove HCN, and a longer boiling 
time also showed better HCN removal.

3.3 Physicochemical characteristics of wild yam (Dioscorea 
hispida) tuber flour

Fresh yam tubers are a good source of carbohydrates, with 
low protein and fat content (Table 4). The composition of fresh 
wild yam tubers is similar to that reported by Padhan  et  al. 
(2020). The traditional detoxification methods affected the 
approximate composition of the flour. A sharp increase of ash 
was found in the wild yam tuber flour from 0.69% into about 
1.05-4.50% (db). The ash from the rubbing step in detoxification 
might be absorbed into the tuber tissue during rubbing and 
pressing. This residual ash was found in the final tuber flour 
product, although most ash is removed during soaking and in 
some methods also during boiling. The highest ash content was 
found in the flour from method 4, and the least was found in 
method 1. Method 4 used a combination of wood and rice straw 
ash and a combination of ash and salt with ash in the highest 
portion compared to other methods (except method 1 that only 
used wood ash). Soaking time did not appear to affect the ash 
content, indicated by method 4 with the longest soaking time but 
had the highest ash content. The treatment after detoxification 
by steaming or boiling did not significantly affect (p < 0.05) ash 
content. Generally, pregelatinized flour had lower ash content 
except for pregelatinized flour from method 4. Method 1 to 3 
used boiling for pregelatinization, meanwhile, method 4 used 
steaming. During boiling, some absorbed ash from ash rubbing 
might leach out, thus decreasing the ash content. In steaming, 
the leaching process was more restricted than boiling.

Detoxification method and pregelatinization significantly 
affected the protein, fat, and carbohydrate of wild yam tuber flour 
(Table 4). The changes of proximate composition related to the 
solubilization of nutritional components due to liquid leaching 
during ash rubbing, pressing, and soaking. Interestingly, the 
changes of carbohydrate and starch are most pronounced among 
components. Pregelatinization generally reduces nutritional 
components because of component leaching during boiling or 
steaming after detoxification.

Amylose of tuber flour decreased sharply compared to the 
fresh wild yam tuber that contains amylose of 1.83%. The degree 
of amylose leaching was about 63-74%. Some amylose leached 
out during detoxification and the amylose content in the final 
wild yam tuber flour was only about 0.47-0.68% (db). Method 
1 had the lowest starch content for non- and pregelatinized 
tuber flour. This method involved 36 hours of soaking, similar 
to method 3. However, the ash used was only wood ash. The 
least amylose leaching was observed in method 4. Table 2 shows 
that rubbing ash of method 1 had the least SiO2, which might 
severely reduce amylose due to excessive leaching. SiO2 decreased 
weight loss (Abbasi, 2012) by forming a network structure of 
starch (Tang et al., 2008). Tattiyakul et al. (2012) reported low 
solubility and low amylose leaching of wild yam starch (9.92 ± 
0.4g/100 g and 15.8 ± 0.6 g/100 g, respectively) measured by 
heating at 90 °C for 30 min. Traditional detoxification methods 
involved soaking for 12-48 hours and pregelatinization by boiling 
or steaming for 15-30 min. Therefore, excessive amylose leaching 
occurred that lowered the amylose content of tuber flour.

Contrary to amylose content, the lowest starch content was 
observed at method 4 and the highest at method 1. The predominant 
starch of wild yam tuber is amylopectin. Amylopectin was greatly 
responsible for the solubility of starch during detoxification in 
soaking, pressing, and boiling. The calcium concentration in 
rubbing ash was different among the methods, and the highest 
concentration was found in method 1, and the least was method 
4. According to Yang et al. (2014), calcium-modified amylopectin 
behavior prevents hydration, and induces a stable and compact 
network of amylopectin and whey protein (Liu et  al., 2007). 
Pregelatinized flour showed lower starch content than non-
pregelatinized for all methods, because more starch leaching 
occurred during boiling or steaming.

Table 4. Chemical characteristics of wild yam (Dioscorea hispida) fresh tuber and flour.

Detoxifi-
cation Treatment

Proximate (% db)
Starch (% db) Amylose  

(% db)Ash Moisture Fat Protein Carbohydrate
Method 1 Non-pregelatinization 1.88 ± 0.56b 11.52 ± 0.26d 1.69 ± 0.01d 1.92 ± 0.34d 85.47 ± 0.12d 57.82 ± 0.19a 0.49 ± 0.06b

Pregelatinization 1.05 ± 0.13a 9.04 ± 0.15a 1.08 ± 0.02c 2.10 ± 0.17bc 83.14 ± 0.28b 51.00 ± 0.51b 0.47 ± 0.02a
Method 2 Non-pregelatinization 2.16 ± 0.20b 10.75 ± 0.13c 1.69 ± 0.04d 1.22 ± 0.13e 86.46 ± 0.19e 36.91 ± 0.11c 0.53 ± 0.03c

Pregelatinization 2.04 ± 0.26b 9.63 ± 0.17b 1.08 ± 0.14c 2.08 ± 0.11c 84.05 ± 0.24c 29.97 ± 0.25d 0.47 ± 0.04a
Method 3 Non-pregelatinization 2.41 ± 0.78c 10.79 ± 0.19c 1.05 ± 0.09c 2.89 ± 0.82b 82.86 ± 0.43b 26.24 ± 0.62e 0.65 ± 0.16f

Pregelatinization 2.36 ± 0.07bc 9.26 ± 0.33ab 1.05 ± 0.12c 2.10 ± 0.53c 85.23 ± 0.76 25.25 ± 0.71e 0.55 ± 0.09d
Method 4 Non-pregelatinization 4.29 ± 0.09d 11.37 ± 0.11d 0.87 ± 0.02b 4.63 ± 0.23a 78.84 ± 0.32a 25.98 ± 0.29e 0.68 ± 0.05g

Pregelatinization 4.50 ± 0.51d 9.04 ± 0.15a 0.24 ± 0.00a 2.45 ± 0.17b 84.06 ± 0.24c 23.36 ± 0.56f 0.58 ± 0.03e
Fresh yam tuber* 0.69 ± 0.08 72.21 ± 0.54 1.95 ± 0.13 5.03 ± 0.42 20.12 ± 0.35 12.76 ± 0.36 1.83 ± 0.05
The value with different notation means significantly different at p > 0.05. * wet basis
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The crystallinity of wild yam tuber flour was shown in 
the diffractogram of Figure 1. All treatments showed a similar 
diffraction pattern. This diffraction pattern was characterized 
by a narrow peak between 0-30° and then sloping after 30°. 
All the flour had strong reflection at about 5°, 17°, 20°, 
22°, and 24°, which is a typical β-type crystalline pattern 
(Zhang et al., 2018). The β-type crystalline structure is typical 
of high-amylose starches contained in tubers (Dome et al., 
2020). The strong reflections were observed at a diffraction 
angle (2θ) of 17.03o and 17.23o for method 1, non- and 
pregelatinized tuber flour; 16.99o and 22.07o for method 2, 
non- and pregelatinized tuber flour; 29.35o and 29.37o for 
method 3, non and pregelatinized tuber flour; 17.25o and 
16.89o for method 4, non and pregelatinized tuber flour. The 
sloping pattern after 30° indicated that all wild yam tuber 
flour had amorphous regions.

Pregelatinization shifted the diffraction pattern indicating 
the changes of semicrystalline structure into amorphous, 
although some semicrystalline starch structure might 
remain. All pregelatinized tuber flours had lower diffraction 
peak intensity than non-pregelatinized for all detoxification 
methods. According to Wang et al. (2019), pregelatinization 
reduced starch crystallinity indicated by decreasing diffraction 
peak intensity due to less structural crystallite. The changes of 
crystallin into amorphous occurred because of amylopectin 
and helical structure disruption (Dar  et  al., 2018). Water 
absorption during steaming or boiling swelled the starch 
granule and loosed crystallinity (Bertolini, 2010). Traditional 
detoxification of method 4 combined with pregelatinization 
showed the lowest diffraction peak intensity. This treatment 
involved 30 min steaming, and the crystallinity was almost 
similar to method 1 with 30 min boiling for gelatinization. 
Long heating time by boiling or steaming gave sufficient time 
for the hydrogen bonds among the starch chains to disrupt 
and loosen the crystallinity.

3.4 Functional properties of wild yam (Dioscorea hispida) 
tuber flour

Traditional detoxification methods significantly (p > 0.05) 
affected water absorption capacity (Table 5). Among the methods, 
method 4 showed the lowest water absorption capacity both for 
non- and pregelatinized tuber flour. The highest water absorption 
capacity was observed at method 1. The presence of SiO2 in the 
rubbing ash was responsible for the compactness of the flour 
(Tang et al., 2008), thus decreasing water uptake of the flour. The 
calcium concentration in rubbing ash was the highest among other 
minerals, but the percentage was different for each detoxification 
method. The lowest calcium was found in the rubbing ash of 
method 4 with the lowest water absorption capacity. According 
to Hedayati et al. (2020), CaCl2 enhances water absorption of 
starch. The inclusion of CaCl2 led to an interconnected network 
and increased the linkage within the starch matrix. CaCl2 formed 
electrostatic interactions with water molecules. Pregelatinization 
increased water absorption capacity for all methods. According 
to Patindol et  al. (2013), pregelatinized starch granules were 
completely disintegrated and water uptake increased.

The phenomena observed for water absorption capacity 
were also found in oil absorption capacity. The oil absorption 
capacity of the flour from method 4 was the lowest and the 
highest in method 1. The presence of SiO2 modified the starch, 
and modification intensity depended on the concentration of 
SiO2 in the rubbing ash. A more compact granular structure, 
because of the interaction of SiO2 with starch, restricted the oil 
absorption. Thus, the highest oil absorption capacity was found 
in the flour with method 1 with the lowest SiO2 concentration. 
Pregelatinized flour showed higher oil absorption capacity than 
non-pregelatinized. Patindol  et  al. (2013) also observed the 
increase of oil uptake due to pregelatinization. Disintegration 
due to heating and a more open granular structure made it easier 
for oil to be absorbed. Denaturation of protein in the flour due 
to heating also enhanced oil absorption because of exposure to 
inner hydrophobic protein regions during denaturation.

Figure 1. X-ray diffractogram of traditional detoxified wild yam (Dioscorea hispida) tuber flour.
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Swelling power indicated the ability of the starch granule 
stability during heating in excess water (Waterschoot et al., 2016). 
The effect of the detoxification method and pregelatinization on 
swelling power was similar to water and oil absorption capacity. 
The presence of SiO2 from rubbing ash seemed to affect the swelling 
power, which related to the modification of the starch granule 
structure to be more compact. The formed network starch due to 
the presence of SiO2 restricted the starch granules to absorb water 
and swell. Pregelatinization increased the swelling power of wild 
yam tuber flour in all detoxification methods. According to Li & Yeh 
(2001), amylopectin was responsible for swelling power. The high 
proportion of long-chain molecules in amylopectin contributes to 
swelling power. Data in Table 5 shows that starch content of flour 
decreased in which these starches mainly consisted of amylopectin. 
Thus, swelling power also decreased in the same manner.

The solubility of tuber flour was affected by the detoxification 
methods and pregelatinization. Flour detoxified by method 4 revealed 

the lowest solubility, and the highest was observed in method 1. The 
solubility is also affected by the composition of minerals in rubbing 
ash. The higher the SiO2 and the lower Ca content resulted in a lower 
solubility. As previously discussed, SiO2 induced a network formation 
that resisted to water (Tang et al., 2008), while Ca increased water 
absorption due to the formation of more open granular structures 
(Hedayati et al., 2020). Pregelatinized tuber flour showed better 
solubility than non-pregelatinized. Zhang et al. (2018) reported 
that swelling power and water solubility of Dioscorea opposita 
starch gradually increased with increasing heating temperature. The 
hydration of starch granules reflected the magnitude of interaction 
mainly between amorphous domains with water, and amylose 
content affected the extent of this interaction.

3.5 Starch granule structure

Figure 2 showed the morphological structure of wild yam 
tuber starch granules from different detoxification methods 

Table 5. Functional properties of wild yam (Dioscorea hispida) tuber flour.

Method of 
Detoxification Treatment Water Absorption 

Capacity (g/g)
Oils Absorption 
Capacity (g/g) Swelling Power (%) Solubility (%)

Method 1 Non-pregelatinization 1.91 ± 0.15b 1.53 ± 0.02c 12.28 ± 0.09g 9.23 ± 0.03d
Pregelatinization 5.72 ± 0.50e 1.88 ± 0.24d 13.93 ± 0.05h 29.00 ± 0.03g

Method 2 Non-pregelatinization 1.76 ± 0.10b 1.36 ± 0.10ab 11.24 ± 0.08e 6.97 ± 0.04c
Pregelatinization 4.59 ± 0.08d 1.51 ± 0.12c 12.01 ± 0.09f 27.50 ± 0.08

Method 3 Non-pregelatinization 1.71 ± 0.12b 1.34 ± 0.35abc 10.17 ± 0.07c 6.33 ± 0.02b
Pregelatinization 4.24 ± 0.37d 1.44 ± 0.04b 10.80 ± 0.06d 13.83 ± 0.03f

Method 4 Non-pregelatinization 1.51 ± 0.07a 1.21 ± 0.14a 9.51 ± 0.06a 3.43 ± 0.01a
Pregelatinization 3.74 ± 0.11c 1.23 ± 0.21a 9.98 ± 0.04b 12.60 ± 0.05e

The value with different notation means significantly different at p > 0.05.

Figure 2. Microstructure of wild yam tuber flour from different detoxification methods and pregelatinization (1) Method 1 (a) non pregelatinization, 
(b) pregelatinization; (2) Method 2 (a) non pregelatinization, (b) pregelatinization; (3) Method 3 (a) non pregelatinization, (b) pregelatinization; 
(4) Method 4 (a) non pregelatinization, (b) pregelatinization.
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and pregelatinization. Starch granules of wild yam tuber had 
polyhedral starch granules. A similar finding was reported by 
Tattiyakul et al. (2012) and Ashri et al. (2014) that the native 
starch granules are polyhedral and have a smooth surface. 
The starch granules remained intact after the modification by 
hydrothermal (Tattiyakul et al., 2012). The detoxification methods 
did not appear to have affected starch granular morphology. 
Before gelatinization, the detoxification steps were ash rubbing, 
pressing, and soaking, which did not involve heating. The 
rubbing by ash and pressing leached out the liquid from the cell, 
and some starch might also leach out to some extent. However, 
some water might also be absorbed during soaking, enlarging 
the size of starch granules. The longest soaking time was in 
method 3 that revealed a bigger starch granule size than other 
methods. Method 2 had the shortest soaking time, and some 
starch granules appeared lumpy. This lumpiness is presumably 
related to the role of minerals to make a bridge between starch 
granules. Li et al. (2016) reported the coaggregation of mineral 
filler particles and starch granules.

Pregelatinization, in all detoxification methods, partially 
damaged starch granules, both by boiling or steaming. After 
gelatinization, many starch granules remained intact, although 
some agglomeration occurred. Aichayawanich et al. (2011) reported 
that the rubbery phase of starch was strongly agglomerated into 
large particles. The agglomeration mechanism may be liquid 
bridge formation. Therefore, method 3 that involved soaking 
48 hours and 15 min boiling, had the greater lumpiness. During 
soaking, water was sufficient to make liquid bridges, and these 
bridges were still intact because the boiling time was only 15 
min. The liquid bridge ruptured during heating due to thermal 
energy for dissociation. Compared to the method 3, soaking 
12 hours followed by 15 min boiling revealed lower lumping. 
Methods 1 and 4 involved different heating methods and a similar 
soaking time of 36 hours. The lumpiness was more apparent in 
method 4 because the energy intensity to rupture agglomeration 
in steaming (method 4) was lower than in boiling (method 1).

3.6 Practical application

This study reveals that traditional detoxification methods could 
be used for pre-treatment in wild yam tuber flour preparation. 
These methods successfully reduce cyanogenic compounds to 
a safe level for consumption. Traditional detoxification pre-
treatment could remove cyanogenic glycosides as the most 
difficult compound to reduce. Using these methods in wild yam 
tuber flour preparation would increase and widen the utilization 
of wild yam tubers. Flour is an intermediate product and an 
ingredient for many food products. Traditional detoxification 
method 1 is the best for reducing cyanogenic compounds.

The physicochemical characteristics of wild yam tuber flour, 
after traditionally detoxifying, reveal some properties such as 
water and oil absorption, solubility, and swelling power which 
are important parameters for food processing. This study showed 
that traditional detoxification method 1 had the highest water 
and oil absorption, solubility, and swelling power. Gelatinization 
in traditional detoxification improved wild yam tuber flour 
functional properties. Pregelatinized wild yam tuber flour is 
suitable for food products that require good water absorption 

and solubility, such as instant products, and this tuber flour might 
also be suitable as a food thickener. Further study is required 
to investigate the utilization of detoxified wild yam tuber flour 
in many food products.

4 Conclusions
Traditional detoxification of wild yam tubers successfully 

removed total cyanogenic compounds by about 97%. Different 
methods revealed similar degrees of total cyanides removal. The 
degree of removal was the highest for cyanogenic glycoside by 
about 98-99%. Pregelatinization for all methods showed lower 
cyanogenic compound levels than non-pregelatinization. The 
methods affected the approximate composition of the flour due 
to leaching during ash rubbing, pressing, soaking, and boiling/
steaming. Minerals in the rubbing ash modified starch in the 
flour, thereby influencing flour characteristics. Traditional 
detoxification methods significantly affected the physical and 
functional properties of tuber flour. The interaction of starch with 
SiO2 and calcium modified functional properties. Higher SiO2 and 
lower calcium concentration in rubbing ash reduced functional 
properties. Wild yam tubers had polyhedral starch granules 
that were still intact during detoxification. Some lumpiness was 
found related to mineral role to make a bridge between starch 
granules. After gelatinization, many starch granules remained 
intact, although some agglomeration occurred.
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