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Abstract 

During the concentration of proteins using an ultrafilπation process, permeate was used as the solvent 
for a second exσaction process. ηle first perm없te had a bacterial load of 7x107 ctìψ'mL while the sec­
ond permeate had a load of 8x 107 cfu/mL. The final permeate had a protein content and soluble s이ids 
content of 0.26 and 10 밍L， respectively, compared to 0.15 and 9 잉L， respectively for the first perme없e 
Treatrnent of the perm않tes with 1 N HCI and sodium hypochlorite reduced the bacterial loads of the 
first permeate to 5xl07

’ 
and 4x107 for the final permeate. Soluble s이id content was reduced in the first 

permeate but increased in the final permeate. The treatrnent of the permeates did not affect the amount 
()f proteins in them. 

Key words: protein, recovery, recycling, ultrafiltration 

Introduction 

It has been a1ready recognized that poultry deboner 

residues 따e potenti머ly valuable source of protein for 

human nuσition (Young, 1976; Wal1ace and Froning, 
1979; Fonkwe and Sin맹， 1996a). A bony residue (waste 

material) that stil1 contains valuable myofibrillar and sar­

coplasmic proteins can be pr여uced from deboning of 

poultry meat (Fonkwe and Sin!ψ， 1994a). This residue 

contains approximately 15 to 20% proteins of which 

about 18% are exσactable myofibrillar and sarcoplasmic 

proteins that can be used for human consumption 

(Kijowski and Niewiarowicz, 1985; McCurdy et al. , 
1986). 

Protein recovery from mechanically deboned turkey 

residue (MDTR) is a single process involving two dis­

tinct steps; (1) an exσaction step to extract the proteins 

from MDTR into an appropriate solution, (2) a process 

to precipitate and recover the extracted proteins from the 
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solution (Fonkwe and Sin양1， 1994). Sever외 re앓archers 

studied v따ious asπ!Cts of recovery of myofibrillar and 

sarcoplasmic proteins from pou1try bone residue 

(Young, 1976; Kijowski and Niewiarowicz, 1985; 

Ozimek et al. , 1986; McCurdy et al., 1986; Opiacha, 

1989; Opiacha et al., 1991; Chi and Chen, 1994; 

Fonkwe and Singh, 1994a,b; 1996a,b; 1997). 

It is often not an easy process to recover 떠1 the musc1e 

proteins in solutions obtained from the ex없ction p따 

cess using muscle tissues. Common and inexpensive 

methods of recovering food grade proteins from solu­

tions include isoelectric precipitation, reduction of ionic 

strength, ulσafiltration 뻐d precipi때on with polysac­

charides. Work in our laboratory obtained conditions 

leading to the maximum precipitation of turkey musc1e 

proteins using polysaccharides: c없rageenan， caboxyme­

thyl cellulose (Fonkwe and Singh, 1994a) and chitosan. 

These polysacch따ides precipitated 92%, 83% and 74% 

of turkey proteins, res야ctivelι from solution. 

까1e extraction of proteins from animal tissue necessi­

tates the use of large volumes of water. Usually, three to 

five volumes of water are used per unit mass of the 디s-
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sue. The protein solution obtained is thus dilute. After 

the recovery of the protein from solution, a large volume 

of wastewater is generated for disposal. 

Disposal of the wastewater from such a protein recov­

ery process could be cumbersome and expensive be­

cause of the volume of the wastewater. Also important 

things are the protein and soluble solid~ content, and the 

bacterial load of the wastewater. A common method of 

reducing the bacterial load of wastewaters involves the 

addition of chlorine or chlorine compounds such as 

sodium hypochlorite (bleach). 

The objectives of this study were: (1) to effectively 

use an ultrafilσation process in recovering turkey muscle 

proteins from protein solutions, (2) to reuse the first 

ultrafiltration 야rmeate as the solvent for a second pro­

tein extraction process, and (3) to reduce the bacteria1 

load, the protεin content and the soluble solids content ot 

the final permeate prior to disposal. 

Materials and Methods 

Materials 

Mechanically deboned turkey residue was obtained 

from Farbest Foods Inc. (Huntingburg, IN, USA). The 

sample was received frozen, cut into blocks (c. 300 g) 

and stored frozen at 20 until used. The frozen samples 

were thawed overnight at 8 to 10 in a refrigerator prior to 

use. 

Extraction of protein 

πle experimentaI procedure for the extraction of pro­

teins from MDTR was described by Fonkwe and Singh 

(1 994a). MDTR was mixed with water in a 1:3 (wtlvol) 

ratio in a commercial Waring blender. A 3 M sodium 

hydroxide solution was used to raise the pH of the slurry 

to pH 10.6-10.7. The slurry was then blended for 2 min 

at low speed and held in the blender for 25 min at inter­

mittent blending. π1ε pH of the slU1η was checked 

every 5 min 때d a이usted to pH 10.6-10.7 with 3 M 

sodium hydroxide solution. 

Filtration 

Following the extraction, the protein solution was fil­

tered through severa11ayers of cheese cloth to eliminate 

insoluble solids and fat particles. This filtration was 

repeated until no insoluble material was visible at the 

bottom of the protein solution. 

Ultrafilration 

The filtered solution was then pumped through a hol­

low fiber ultrafilσation system (Model S 1 Y 10, AMI­

CON, Danvers, MA) with nominal molecular weight 

cutoff (MWCO) point of 10，α)() Daltons for three and 

halfhours. The flow rate was about 2 Umin and nominal 

surface area of the membranes was about 0.09 m2
• πle 

system was operated at the inlet pressure of 137.9 kPa 

까le protein concenσate and the ultrafiltration permeate 

were collected and their bacterial loads, protein content 

and soluble solids content were determined. 

The permeate from above was used as a solvent in 

another extraction of proteins from mechanically deb­

oned turkey residue. The protein concentratε and ulσa­

filtration permeate were again collected and their 

bacterial load, protein content and soluble solids content 

were also determined. The final permeate was then 

treated with lN hydr'α:hloric acid (to pH 5.3) to precipi­

tate any myofibrilar and sacoplasmic proteins, and then 

filtered. 까1Ïs was followed by treatrnent with sodium 

hypochlorite to reduce the microbialload. 

Analysis 

까le protein content of each ultrafiltration fraction was 

determined using the bicinchoninic acid method (Smith 

et 01. , 1985). The bacterial load was deterrnined using 

the standard plate count method (APHA, 1965). The sol­

uble solids contents were determined using methods of 

the AOAC (1 990) 

Results and Discussion 

Performance of ultrafiltration 

The flux of water (없nount of water that permeates 

across the ultrafi1tration membrane per unit 없-ea per unit 

time) during the ultrafi1tration process is shown as a 

function of time in Fig. 1. The flux, however, did not 

decrease significantly after about 2.5 hr of 0야ratlOn. 

Clogging of the membrane was not observed, indicating 

that the fi1tration process through severa1 1ayers of 
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Fig. 1. F1ux c뼈nges during the uJtrafi1tration process of 
MDTR. 

60 

50 

10 

0 

Time(hr) 

뀐g. 2. Concentration ratio changes during the uJtrafil­
tration proc엉;;s of MDTR. 

cheesecloth was effective in removing insoluble solids 

and fat particles. 

Figure 2 shows the concentration ratio (ratio ofthe ini­

디al volumζ of the protein solution to the volume of per­

meate at a given time) of the membrane plotted against 

time. This plot shows that the rate at which the proteins 

were being concentrated was high at first, and then expo­

nentially decreased with time. The concentration ratio 

(like the water flux) did not decrease significantly after 

about 2.5 hours of operation. 

Quality of protein solutions 

The bacterialloads, protein content and soluble solids 

of the various ultrafiltration fractions are shown in Table 

1. The tap water protein exσact had about twice the bac­

terialload of the reused water protein extract. The ultra­

filtration permeates had higher bacterial loads than the 
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original protein extracts. This may be expl머ned by fol­

lowing reason. It is possible that the higher protein con­

tent in the protein exπacts and concentrate had some 

inhibitory effect on bacterial growth. 

까le protein content of the reused water exσact and 

permeate were significantly higher than the protein con­

tent of the tap water extract and permeate. πle perme­

ated that was reused for extraction contained some 

proteins. These proteins added to those that were actu­

ally extracted caused the significant increase in the pro­

tein content of the reused water extract and permeate. 

The protein exσacts had more soluble solids than the 

permeates. The major proportion of the soluble solids in 

these solutions is mainly composed of proteins. There­

fore, the protein concentrate had the highest amount of 

soluble solids followed by the protein exσacts. πle per­

meates with the least 없nount of proteins and other s이u­

ble solids which were less than 10 kD in size had the 

lowest soluble solid content. The amount of soluble sol­

ids in the reused water permeate was not significantly 

higher than the tap water permeate. 

Treatment of the permeates with 1 N hydroch1oric 

acid to pH 5.3 (isoelectric precipitation) followed by 

treatrnent with 100 ppm sodium hypochlorite reduced 

the bacterialload of the tap water permeate by a factor of 

4, as shown inTable 2. πlÌs treatment, however, reduced 

Thble 1. Quality of protein solutions determined before 
and 빼，er 띠trafiltration 

Bacterial Protein Soluble 
Solution load content solids 

(c미JmL) (gJL) (밍L) 

Tap water extract 7x lO7 2.09 22.0 
Tap water permeate 2x I08 0.1 5 9.0 
Protein concentrate 5xlO' 8.41 44.0 
Reused water extract 4x107 2.99 29.0 
Reused water permeate 8xl07 0.26 10.0 

Thble 2. Q뻐lity of ultrafi1tration permeates treated with 
lN HCI and 100 ppm sodium hypochlorite 

Bacterialload Protein Soluble 
Permeate (cfuJmL) 

content solids 
(gJL) 냉IL) 

Tap water 5x lO' (2x I08)* 0.16 (0 .1 6)* 5.0 (9.0)* 
Reused 4x lO' (8x I07)* 0.26 (0.26)* 13.0 (10.0)* 
water 

*Indicates untreated penneates. 
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the bacterial load of the reused water perm않te by only 

half. Table 2 also shows that isoelectric precipitation did 

not precipitate the proteins in the permeates. πle iso­

electric point used was that of myofibrilar and sarcoplas­

mic proteins. The results in Table 2 show that the small 

proteins (or protein fragments) , which are less than 10 

kD did not precipitate at this pH. 

The soluble solids content of the treated tap water pεr­

meate was lower than that of the untreated perm않.te 

(Table 2). It was reduced by about 44')10. However, this 

was not true for the σeated reused water permeate. Iso­

electic precipitation and treatment with sodium 

hypochlorite actually increased the soluble solids con­

tent ofthe σeated reused watεr permeate 

The treated permeates were clear in appearance and 

did not have any odor that could be associated with detε­

rioration protein solutions, even after fOllr weeks of stor­

age, compared to the protein exσacts and untreated 

permeates. The protein extracts showed signs of deterio­

ration (α.lor and cloudiness) after abollt a week of stor­

age at IOoC while the untreatεd permeates showed signs 

of spoilage after about 10 day of storage at lOoC. This 

difference may have been due to the difference in their 

protein content. Signs of deterioration were more easily 

detected in the protein extracts since they had more pro­

tems. 

Conclusions 

Ultrafiltration was llSed to concεnπate a protein SOlll­

tion obtained by extraction from mechanically deboned 

turkey residue. The process was efl'ective withOllt signif­

icant clogging of the membrane by lipids during 3.5 

hours of operation. The permeates from the llltrafiltra­

tion pro('ess were higher in bacterial load than the pro­

tein extracts. This was probably duc to better meta­

bolism ofthe small proteins (less than 10 kD), present in 

small amounts, by the bacteria. The protein and soluble 

solids content of the permeates were low compared to 

those of the original protein extracts. The llse of an ultra­

filtration permeates as a solvent in protein extraction 

caused only modest increases in the protein and soluble 

solids content of the resulting protein extract and perme­

ate. 

Isoelectric precipitation did not reduce the protein 

content of the permeate. Treatrnent of the permeates 

with sodium hypochlorite caused significant decreases 

in the bacterialloads of the permeates. The overall treat­

ment of the permeate caused a reduction in the soluble 

solids content of the tap water permeate but caused a 

small increase in the soluble solids content of the reused 

were penneate. The treated perm않tes were clear in 

app않rance and had no odor even 따ter 4 weeks of hold­

ing at lOoC. With a few modifications, the treated per­

meates should be safe for disposal because of their low 

bacterial count, protein and soluble solids contents 

(hence BOD). 
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