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Abstract. Nanofibril is a bio material in the form of fibrils and nano-sized. These fibrils can be
made from protein; one of them is soy protein isolate (SPI). Nanofibrils can be used in the fields
of food and medicine, for example, shells of microcapsules, food thickener, and food texture
makers. To utilize this nanofibril need to know the characteristics of nanofibrils. One of the
important characteristics of nanofibrils is the diameter and length of nanofibrils. Based on the
shape of the fibrils that can be taken from the image with TEM (Transmission Electron
Microscopy) visible irregular curved fibrils. Therefore we need a measurement method that can
measure the length of the nanofibrils. One such method is to trace the image of the fibril and
convert it to a certain scale. Methods that can be used to trace and measure the length of the
curve are using the GDG Measure It to DRAW X4, X5, X6 which is nested in Corel DRAW X4
(Evaluation Version). Based on the results of calibration and trials show this method can be used
to measure the length of nanofibrils with an error of about 0.17%.

1. Introduction

Nanofibrils are nano-sized fibrils made from biological material. Fibrils can be made from vegetable
and animal. The ingredients of nanofibrils made from animals include egg yolk albumin, whey protein.
One material from vegetable is soy protein isolate [1-11]. These nanofibrils can be used as ingredients
for artificial meat, food texture and microcapsules [8,9,12]. The maximum utilization of nanofibrils
requires the characteristics of nanofibrils. Important characteristics include length, diameter or
thickness, shape and charge of the fibrils. Purwanti et al. [9] reported the thickness or diameter of the
fibrils largely determines the size of the microcapsules formed. Warji et al. [10] reported the form of
curved and branched SPI nanofibrils having a higher viscosity compared to Whey Protein Isolate (WPI)
which has the form of a straight shape which is not branched. The length of the fibrils formed is also
thought to affect its viscosity; this is important to know so that it can utilize these nanofibrils in food
and medicine.

Nanofibrils have a nano size and irregular shape, in the form of a curve, this makes it difficult to
know the exact size. So far, the measurement carried out is the observation method. One measurement
that can be used is to make lines that can follow the contours of nanofibrils. The contour or shape of the
nanofibril made used is TEM image. Nanofibrils in TEM image is followed by contours by forming a
new curve. This curve is known for its length and can represent the length of the nanofibrils in the TEM
image. Tool kit that can be used to measure the length of the curve is "GDG Measure It". This tool kit
can be installed on Corel Draw. This study aims to utilize the GDG Measure It tool kit that is attached
to the Corel Draw Tool to measure the length of the nanofibrils in the TEM image.
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2. Materials and Methods

2.1. Materials

GDG Measure It for DRAW X4, X5, X6 is nested in Corel Draw X4 (evaluation version). TEM image
used is the result of Warji et. al. [8].

2.2. Validation of Length
The length of nanofibrils validation done by measure 10 lines with length 1 to 10 um and 5 circles
with diameter 1 to 5 pm.

2.3. Nanofibrils Measurement

The measurement process is carried out on the SPI nanofibril TEM image. The TEM image is opened
in the Corel Draw program, the GDG Measure It for DRAW X4, X5, X6 menu is selected to create a
new curve that follows each nanofibril contour on the TEM image. The length of the fibrils is listed on
the GDG Measure It menu. Finally, the length of the curve that represents the length of the nanofibrils
with the scale of the image is drawn on the TEM image.

3. Results and Discussions

3.1. Nanofibrils of SPI

Fig. 1 shows the TEM images of soy protein isolate var. Grobogan [8] and local black soybean [9]. The
nanofibrils show irregular shapes. Nanofibril shaped branching curve. At first glance, there are long
nanofibrils and some are short. There are thick nanofibrils and thin ones. The length of a nanofibril is
difficult to determine because it is irregular (not straight). The length of each nanofibril in this TEM
image can be determined by knowing the length of the curve that follows each nanofibril. These
nanofibril contour curves can be made using the "GDG Measure It" tool kit.

3.2. Validation of Length

Fig. 2 shows the correlations for actual length and measurement length of linear line and curve of
nanofibrils. The correlation actual length and measurement length are R?>=1 both for line and circle
validation, which showed that the length of the nanofibrils is comparable to the contour length that
measured using line and curve measurer tool kit. The percent error of lines about 0.15%, and circle about
0.18%. The everage of both errors is 0.17% .

3.3. Length of Nanofibrils

Fig. 3 shows TEM images of nanofibrils before (a) and after measurement. Measurements made by
making curves that follow each nanofibril contour produce the size of each nanofibril. Short nanofibrils
produce short nanofibril contour curves as well as long ones that produce long contour curves.

Figure 1. TEM images of SPI (a) var. Grobogan [8], (b) local black soybean [9].
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Figure 2. Correlation actual length and measurement length
of (O ) linear line and ( @ ) curve.

Figure 3. Tem images before (a) and after (b) measurement of length

Fig. 4 shows the size of the SPI nanofibrils on the captured TEM image. The length of the nanofibrils
varies from 0.1 £ 0.00017 micrometers (um) to 3.8+0.00646 um. Cumulatively 95% nanofibrils are less
than 1.7 um, and accumulatively 50% nanofibrils are less than 0.3 pum.
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Figure 4. Cumulative amount of fibril’s length.

4. Conclusions

Nanofibril length measurements can be done with the GDG Measure It for DRAW X4, X5, X6 tool kit
which is nested in Corel DRAW X4 (Evaluation Version). Based on the results of calibration and trials
show this method can be used to measure the length of nanofibrils with an error of about 0.17%. The
SPI nanofibrils on the TEM image captured were varied in length from 0.1 £ 0.00017 um to 3.8+0.00646
pm.

References

[1] Akkermans C, van der Goot A J, Venema P, Gruppen J] M, Boom R M 2007 Micrometer-sized
fibrillar protein aggregates from soy glycinin and soy protein isolate Journal of Agricultural
and Food Chemistry 5 9877

[2] Hefnawy H T M, Ramadan M F 2011 Physicochemical characteristics of soy protein isolate and
fenugreek gum dispersed systems Journal of Food Science and Technology 48 371

[3] Lassé M, Ulluwishewa D, Healy J, Thompson D, Miller A, Roy N, Chitcholtan K, Gerrard J A
2016 Evaluation of protease resistance and toxicity of amyloid-like food fibrils from whey,
soy, kidney bean, and egg white Food Chemistry 192 491

[4] Tang C H, Wang C S 2010 Formation and characterization of amyloid-like fibrils from soy b-
conglycinin and glycinin Journal of Agricultural and Food Chemistry 58 11058

[5] XiaolJ,ShiC, Zhang L, LiY, QiJ, Wang Y, Huang Q 2016 Multilevel structural responses of [3-
conglycinin and glycinin under acidic or alkaline heat treatment Food Research International
89 540

[6] Xia W, Zhang H, Chen J, Hua H, Rasulov F, Bi D, Huang X, Pan S 2017 Formation of amyloid
fibrils from soy protein hydrolysate: Effects of selective proteolysis on B-conglycinin Food
Research International 100 268

[7] Yildiz G, Andrade J, Engeseth N E, Feng H 2017 Functionalizing soy protein nano-aggregates
with pH-shifting and mano-thermo-sonication Journal of Colloid and Interface Science 505
836

[8] Warji W, Mardjan S S, Yuliani S, Purwanti N 2017 Characterization of nanofibrils from soy
protein and their potential applications for food thickener and building blocks of microcapsules
International Journal of Food Properties 20 1121



ICoSITeR 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 537 (2020) 012033  doi:10.1088/1755-1315/537/1/012033

[9] Purwanti N, Warji W, Mardjan S S, Yuliani S, Schroén K 2017 Preparation of Multi-layered
Microcapsules from Nanofibrils of Soy Protein Isolate using Layer-by-Layer Adsorption
Method IOP Conf. Series: Earth and Environmental Science 147 012009

[10] Warji, Mardjan S S, Yuliani S, K Schroén, Purwanti N 2018 Flow Behavior of Isolate Protein
from Soybeans var. Grobogan and Whey Protein Isolate at Acidic Condition under Various
Heating Times Jurnal Keteknikan Pertanian 2 171

[11] Warji W, Purwanti N, Mardjan S S, Yuliani S 2019 Portable Water Bath to Support Nanofibrils
Processing IOP Conf. Series: Earth and Environmental Science 355 012086

[12] Rossier-Miranda F J, Schroén K, Boom R 2010 Mechanical characterization and pH response of
fibril-reinforced microcapsules prepared by layer-by-layer adsorption Langmuir 26 19106



