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Abstract — This study was conducted to investigate the potential of chicken feather (CF), which is a by-product in
poultry industry, as a partial substitute of wood fiber in the production of wood-based fiberboard. Keratin-type protein
constituted the majority of CF, and its appearance did not differ from that of wood fiber. When the formaldehyde (HCHO)
adsorptivities of CF compared by its pretreatment type, feather meal (FM), which was pretreated CF with high temperature
and pressure and then grounded, showed the highest HCHO adsorptivity. In addition, there was no difference between
the adsorbed HCHO amounts, which was measured by dinitrophenylhydrazine method, of scissors-chopped CF and CF
beated with an electrical blender. Mechanical properties and HCHO emission of medium-density fiberboards (MDF),
which were fabricated with wood fiber and 5 wt% CF, beated CF or FM based on the oven-dried weight of wood fiber,
were not influenced by the pretreatment type of CF. However, when the values compared with those of MDF made with
just wood fiber, thickness swelling and HCHO emission of the MDF were improved greatly with the addition of CF,
beated CF or FM. Based on the results, it might be possible to produce MDF with improved dimensional stability and
low HCHO emission if CF, beated CF or FM is added partially as a substitute of wood fiber in the manufacturing pro-
cess of MDF produced with the conventional urea-formaldehyde resin of E, grade. However, the use of CF or FM in the
production of MDF has a low economic feasibility at the current situation due to the securing difficulty and high cost of
CF. In order to enhance the economic feasibility, it requires to use CF produced at small to medium-sized chicken meat
plants. More importantly, it is considered that the technology developed from this research has a great potential to make
provision for the prohibition of animal-based feed and to dispose environmentally avian influenza-infected poultry.
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Table 1. Chemical composition of chicken feather and feather meal
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Fig. 1. Amount of formaldehyde adsorbed to distilled water solution
(DW), which were placed with chicken feather (CF), beated
CF and feather meal (FM) in desiccator for 24h. The adsorbed
formaldehyde was measured by the procedure based on acetyl-
acetone method. Different capital letters over columns are sig-
nificantly different at the p value of 0.05 (least significance test).
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Moisture Ash Protein Crude fiber Fat/oil
Chicken feather 7.6 1.3 81.1 22 9.7
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IThis result was presented in the article of Lee and Lee (1998) [21].
2This result was presented in the article of Kim et al. (1998) [41].
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Fig. 2. Amount of formaldehyde adsorbed to chicken feather (CF),
beated CF and feather meal (FM) placed in desiccator for
60 min. The adsorbed formaldehyde was measured by the
procedure based on DNPH method. Different capital letters
over columns are significantly different at the p values of 0.05
(least significance test).
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Fig. 3. Image of medium-density fiberboards fabricated with 95%
wood fiber and 5% chicken feather (left) or feather meal (right)
based on its dry weight. These fiberboards were bonded with
urea-formaldehyde resin.
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Table 2. Mechanical properties and formaldehyde emission of medium-density fiberboard! bonded with wood fiber (WF) and chicken feather

(CF), which was beated by electrical mixer, or feather meal (FM)

Fiber type MOR? (N/mm?) IB? (N/mm?) 24h TS® (%) HCHO’ (ug/L)
WF 11.2(A) 21.2(B) 19,015 (B)
WF/CF? 11.5 (A) 15.8(A) 3,543 (A)
WF/Beated CF> 123 (A) 16.3 (A) 3,192 (A)
WEF/FM? 11.6 (A) 14.6 (A) 3,622 (A)
KS F 3200 >15.0 <12 -

Means with the same capital letter in parentheses are not significantly different from each other at the p value of 0.05 (least significance test).

! These fiberboards were bonded with urea-formaldehyde resin, which is currently used for the production of medium-density fiberboard and was obtained from
Sungchang Ltd. (Ulsan, South Korea). Resin content was adjusted to 8% based on dry weight of wood fiber and chicken feather/feather meal.

2 These fiberboards were composed of 95% wood fiber and 5% chicken feather/feather meal based on its dry weight.

3MOR: modulus of rupture; IB: internal bonding strength; 24 TS: 24-hour thickness swelling in cold water; HCHO: formaldehyde emission measured by the

24-hour desiccator method.

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018



582 & ]l - Hphsh - Had

3@ Zlom Y7t 70 &) 79, MDF Al 2781
ade &IA7171 Slste] H7kshe 90 S B A4
FA 70T 1.52%71] ST 75 KS A e] Ha Ve
RHEEAI Ao Aztei)

34. FHE MIER| ZHY 2M

=lellA gheek = Sl 9 o] R AATAE Ve wid
30,000% o] 7hset Ao ' ZALEQITH42]. AA| ) =A%l
A RS e ALY S Fete] Uit SEEC R 7l~1
Hol Algg Y982 7009 /keell FuH a1 glom, AvF o g &
& MDF Azl AHg-8 739 80 /kgell &7}t 7}* %ﬁ%%
A o7 g Ak Al ﬁiZH 7ol Aol §lg Aow ¥

et 2eu E AE Feke] e V)ee] A g A

k=] z@ 714, B34 icM HE Soto] 5 TS 7
ZOFE *@ﬂfﬂﬁ}

oNE B, WY RS 25A B9 T2 wAGo] A
sk 9o, of7|elA] WA BEe AR ol g3k Wek

oftk. {A F4W EAN WSk B uw, 25 L AR
O Qg F7h] g0 WO R Qlste] B o] T B v
1 9100, o]l ek Aelulge] 45210l 4% el m e o)
A WkoR Agaha Gl S B2 Ea el Hel el
o M| B eI Hhee] ol -2 A11H W AAHA &
WM Fi5] ALDEE A Be] D 5 A Ao AAet
BH B Y SO BEY AR W MRS Abgo] AR
S FHOR FA R AY R A TN FF
el g FEA AR ARgol Ao ARE 7Fsel )

or g o]of thgh thu]F nkd © & B o] Akg1E] o] &of thg A

T7F A&EA 07 g Eofof & 210 % IdETH43-46]. Thy %
Al (Avian Influenza) 7493 Z=Foll tigh A3 v]&-0] A7} Ak
27wy el i B 9 A5k 2.9l Abs] A o & o]}
w31 QU AdselM Ha A e Al el gt 282 A1A

9 879 Zwel A R o7k Qs 7)4oleh warErhss). 7]
201 SReN Gsh, B E, $H0) 4545 o].§3 MDF
Azl Qlo} BES 43 A A FAUS SR E] 1)
71 A1EA0) B, T MDF A10] 7Rs  Zo] ),
Wb o % Fo v AAN S A 7bsE 20 T,

A B AT AYS S, MDF Az] o] B
B9 244 thAIs 7Fs g ool e Agekyel B L F
AL EE) AT A AL DA, e A
A 7140 A A g 9 4 Es
Q1SRN thzhiee] A 9 Bilo] Bad
S 5 wrele) der dajel £l 3904 A1e] ), MDF

Azl glo] AAe) Bl H7hF 2L YA Sol MDFe] B4 2
Eobd) 5| S E el v A 4%, 193 o & Fato] Alxw
MDFe] 5] 497 1 Aua AL St kel o

T7F X1 ojo & Zlojtt,

u1+l

4.4 E

B AT WA 9E, e e, e s 24 &
2 opAobER 3} DNPHY © 2 2453,

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018

LA QHES - AP - 059

qhgoi EA.6-9 kA 23k oko %Eé’ | gY = SRR

& 77 A7hsto] MDFE AZSI0R, olel vl 37 2 et
= A Azl Qo) AR B
T A S AR,

o) F48-e AR wuldolg e, Ao, 244
ST 2% S-SRI U oI RISHAIER S o) g3te] 11
o 2R 7L AR FLYE|E FHeE SR A1 5%
om, w3 ¥, ¥ =02 vekdr}. DNPHY O 2793 2w
PR 2 e FLASIIL 5 A0 Zapiglon), 3
5 S} ¥4 H ol Aol glsle. 2, 94, sl ®
Z = & g Fds| =
FE A arel] Bl dAeel] G WA ookt e o] 5

B

v

S BARNEo 2 A 23 MDFS} Bl kS o), FAH &3
FLUB| ERETE TA sl ueha] @A) YAk 7oA
ALE 3 9l QAFAE o]438t E, 539 MDF #|Zef| 3lo] &
Aol §70 g, wsl) B e SRS VK A By el
MDF A Z7} 758 Ao 2 A}, 8 o] 4]0 ﬂ%d KS

712e] vleA 1, shg, v R BE AlER 27
A 71E Hel %%S&h AT FABEEE WSHAT)A F
SISt 1eu} o= o] Uk 2l HakA ] §4)& TTHE B3l

o] 7he e o w Azt

MDF 8%t §lo] wed ARGl that JAd& A= Aot 54
fHok nlwsto] AR.9] g Bl W7} SwelA weld gHE 17t
SRz 21 AA gl w7k Ao vERdh ey $4Y
APl AR v o1 8L, T ARl Al o
g o) 2] Bl AL el sk 834 s Ueke® - 7t
5d0] T V=R ke wEbd o] 7]z g A8 8
85} W] WS fjsto] wEle] vkt dA2] 23, MDF A
Zell 9ot AAfe] weel H7h 8l 978 5o MDFe] &4 8l &
Fes| =E el vIAE 9, 22laL o) $oto] AlE¥l MDFY
A(EEELFH A 2l /\]j]z]. AT 5o st _7"[:7].34'0‘1 o‘i:rL7]. Z]
ejojop & Aoz Yzt

N
o

>l

A
2 Q7 327190399 s ATA AR Q] )
15102 ST o] AN B A e

F dheista AR st sl e
References

1. Korea Wood Panel Association, “Current Status and Task of Ply-
wood & Board Industries? 8" Symposium for Plywood, MDF and
Particleboard of South Korea, September, Seoul(2015).

2. Ministry of Environment, Policy for managing the indoor air-qual-
ity of public facilities, ME No. 6911, Sejong(2003).

3. International Agency for Research on Cancer, IARC classifies
formaldehyde as carcinogenic to humans, http:/www.iarc.fr/en/
mediacentre/pr/2004/pr153.html(2004).

4. Korean Agency for Technology and Standards, Safety standards
for the voluntary safety control of manufacturing products. KATS
No. 2015-0123, Eumseong(2015).



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

520 A Az Qlo] EARAER Bele] BAf A olAls g 583

. Yang, L., Kuo, M. L. and Myers, D. J., “Bond Quality of Soy-

based Phenolic Adhesives in Southern Pine Plywood} J. Ameri-
can Oil Chemists’ Society, 83(3), 231-237(2000).

. Yang, 1., Kuo, M. L., Myers, D. J. and Pu, A. B., “Comparison

of Protein-based Adhesive Resins for Wood Composites; J.
Wood Science, 52(6), 503-508(2006).

. Yang, I, Ahn, S. H., Choi, I. G, Kim, H. Y. and Oh, S. C., “Adhe-

sives Formulated with Chemically Modified Okara and Phenol-
resorcinol-formaldehyde for Bonding Fancy Veneer onto High-
density Fiberboard) J. Industrial and Eng. Chem., 15(3), 398-
402(2009).

. Yang, L., Han, G. S., Ahn, S. H., Choi, I. G, Kim, Y. H. and Oh,

S. C., “Adhesive Properties of Medium-density Fiberboards Fabri-
cated with Rapeseed Flour-based Adhesives, J. Adhesion, 90(4),
279-295(2014).

. Christiansen, A. W. and Gillespie, R. H., “Potential of Carbohy-

drates for Exterior-type Adhesives) For. Prod. J., 36(7/8), 20-
28(1986).

Oh, Y., Seller Jr., T., Kim, M. G. and Strickland, R. C., “Evaluation
of Phenol-formaldehyde OSB Resins Modified with Lignin Res-
idues from Acid-hydrolyzed Waste Newsprint; For. Prod. J.,
44(2), 25-29(1994).

Olivares, M., Aceituno, H., Neiman, G., Rivera, E. and Seller Jr.,
T., “Lignin-modified Phenolic Adhesives for Bonding Radiata
Pine Plywood.’ For. Prod. J., 45(1), 63-67(1995).

Barbosa, A. P., Mano, E. B. and Andrade, C. T., “Tannin-based
Resins Modified to Reduce Wood Adhesive Brittleness. For:
Prod. J., 50(9), 89-92(2000).

Pizzi, A. and Scharfetter, H. O., “The Chemistry and Development
of Tannin-based Adhesives for Exterior Plywood]’ J. Appl. Polym.
Sci., 22(6), 1745-1761(1978).

Rho, J. and Lee, J., “Preparation and Bonding Properties of Nat-
ural Garlic Adhesives for Wallpaper}’ J. Adhesion and Interface,
12(4), 125-134(2011).

Que, Z., Furuno, T., Katoh, S. and Nishino, Y., “Evaluation of
Three Test Methods in Determination of Formaldehyde Emission
from Particleboard Bonded with Different Mole Ratio in the Urea-
formaldehyde Resin) Building and Environment, 42(3), 1242-
1249(2007).

Lee, S. M,, Park, J. Y., Park, S. B. and Park, B. D., “Development
of Technology and Syntheses of Melamine-urea-formaldehyde
Resin Adhesives) Research report of Korea Forest Research
Institute, Seoul, 10-20(2010).

Kim, K. W, Lee, S. N., Baek, B. S, Lee, B. H., Kim, H. J., Choi,
Y. M. and Jang, S. W., “The Formaldehyde VOCs Emission of
Particleboard with Cross Linked Vinyl Resin) Adhesion and
interface, 9(1), 28-34(2008).

Ahn, S. H., “Effect of Heating Temperature and Time of Coffee
Waste on the Adsorptivity of Formaldehyde) J. Korean Wood
Sci. Technol., 43(3), 390-399(2015).

Park, B. D., Kang, E. C. and Park, J. Y. “Formaldehyde Emis-
sion of Wood Panel Products with Different Surface Finishing
Materials) Journal of Forest Science, 67, 112-116(2004).

Woo, B. J. and Kim, H. J., Imbalance of supply and demand for
chicken meat and its spread effect, Korea Rural Economic Insti-
tute, Seoul, Republic of Korea(2015).

Lee, J. G and Lee, S. M., “Evaluation of Soybean Meal or

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Feather Meal as a Partial Substitute for Fish Meal in Formulated
Diets for Fat Cod,’ J. Aquaculture, 11(4), 421-428(1998).

Jiang, Z., Qin, D. Hse, C. Kuo, M. L., Luo, Z., Wang, G. and Yu,
Y., “Preliminary Study on Chicken Feather Protein-based Wood
Adhesives, J. Wood Chemistry and Technology, 28, 240-246(2008).
Park, D. H., Yang, 1., Choi, W. S, Oh, S. C., Ahn, D. U. and
Han, G S., “Evaluating the Water Resistance of Wood Adhesives
Formulated with Chicken Feather Produced from Poultry Indus-
try,’ J. Korean Wood Sci. Technol., 45(1), 126-138(2017).

Yang, 1., Park, D. H., Choi, W. S., Oh, S. C., Ahn, D. U. and Han,
G S., “Reaction Mechanism and Curing Characteristics of Chicken
Feather-based Adhesives and Adhesive Properties of Medium-
density Fiberboard Bonded with the Adhesive Resins) Korean
Chem. Eng. Res., 55(3), 385-394(2017).

Yang, 1., Park, D. H., Choi, W. S., Ahn, D. U., Oh, S. C. and Han,
G S., “Adhesive and Curing Properties of Chicken Feather/blood-
based Adhesives for the Fabrication of Medium-density Fiber-
boards.’ J. of Adhesion, online(2018).

Kota, K. P, Shaik, S. S., Kota, R. K. and Karlapudi, A. P,, “Bioplas-
tic from Chicken Feather Waste) Int. J. Rev. Res., 27(2), 373-375
(2014).

Oladele, 1. O., Omotoyimbo, J. A. and Ayemidejor, S. H., “Mechan-
ical Properties of Chicken Feather and Cow Hair Fibre Reinforced
High Density Polyethylene Composites,’ /nt. J. Sci. Technol. 3(1),
66-72(2014).

Gagan, B., Singh, V. K., Patil, P. P. and Shweta, R., “Water
Absorption and Thickness Swelling Characterization of Chicken
Feather Fiber and Extracted Fish Residue Powder Filled Epoxy
Based Hybrid Biocomposite) Int. J. Waste Resour., 6(3), 1-6(2016).
Cafiavate, J., Aymerich, J., Garrido, N., Colom, X., Macanas, J.,
Molins, G, Alvarez, M. D. and Carrillo, F., “Properties and Opti-
mal Manufacturing Conditions of Chicken Feathers/poly(lactic acid)
Biocomposites, Composite Materials, 50(12), 1671-1683(2016).
Manpreet, K. M., “Bio-based Nanocomposites from Poultry
Feather Keratin) M. S. Thesis, Univ. of Alberta, Edmonton,
Alberta(2017).

Bardelline, J., “Researchers Turn Chicken Feathers Into Fiber)
https://www.greenbiz.com/news/2009/05/08/researchers-turn-chicken-
feathers-fiber(2009).

Shi, B., Shannon, T. G. and Pelky, E., “Novel Use of Waste Ker-
atin and Cotton Linter Fibers for Prototype Tissue Papers and
Their Evaluation} Bioresources, 5(3), 1425-1435(2010).
Chakraborty, S., Chowdhury, S. and Saha, P.D. “Biosorption of
Hazardous Textile Dyes from Aqueous Solutions by Hen Feath-
ers: Batch and Column Studies) Korean J. Chem. Eng., 29(11),
1567-1576(2012).

Winandy, J. E., Muehl, J. H., Glaeser, J. A. and Schmidt, W.,
“Chicken Feather Fiber as an Additive in MDF Composites; J.
Natural Fibers, 4(1), 35-48(2007).

Taghiyari, H. R., Bari, E., Schmidt, O., Ghanbary, M. A. T,
Karimi, A. and Tahir, P., “Effects of Nanowollastonite on Biological
Resistance of Particleboard Made from Wood Chips and
Chicken Feather Against Antrodia Vaillantii} International Bio-
deterioration & Biodegradation, 90, 93-98(2014).

Taghiyari, H. R., Mohammad-Panah, B. and Morrell. J., “Effects
of Wollastonite on the Properties of Medium-density Fiberboard
(MDF) Made from Wood Fibers and Camel-thorn) Maderas Cienc.

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018



584

37.

38.

39.

40.

41.

ok o]
Tecnol., 18(1), 157-166(2016).
Association of Official Analytical Chemists, Analytical methods
for chemical composition, 15" ed., Academic Press, Inc., Arling-
ton, TX(1990).
National Institute of Forest Science, Determination of formalde-
hyde emission for wood-based panels, NIFOS, Seoul, Republic
of Korea(2014).
Yi, G. H., Yun, I. C., Kim, Y. K., Kim, C. C., Choi, G. J. and Lee,
T. S., “Comparison of ACFAS Method and DNPH-LC Method
for Quantitative Analysis of Formaldehyde in Drinking Water;’
J. Korean Soc. Water and Wastewater, 27(6), 827-836(2013).
Korean Agency for Technology and Standards, Fiberboards, KSC,
KS F 3200, Eumseong, Chungbuk, Republic of Korea(2011).
Kim, Y. B, Lee, K. S. and Lee, N. H., “Effects of Physical Pro-

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018

- - HeEd - eAF

o -
- RFEE - et

42.

43.

44,

45.
46.

o5

cessing on Protein Content and Pepsin-digestibility of Feather
Meals’ J. Korean Anim. Sci., 40(1), 103-110(1998).

Nam, K. C., “Current Status and Prospect of Chicken Industry,’
Personal communication(2016).

Ahn, H. J., “Spread of Avian Influenza and Cost Required for
Solving the Disease] Korean Newspaper for farmers and fisher-
men, http://www.agrinet.co.kr/news/article View.html?idxno=149582
(2016).

http://ec.europa.eu/food/food/biosafety/tse bse/docs/roadmap 2
_en.pdf.

https://www.daera-ni.gov.uk/articles/bse-feed-controls.
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFR-
Search.cfm?CFRPart=589&showFR=1.



