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Nitrite Scavenging Abilities and Inhibitory Action on
N-Nitrosoproline Formation by Yellowfin Tuna
(Thunnus albacares) Skin Gelatin Hydrolysates

Sangh-Hun Byun

Department of Food-Science and Technology, Graduate School,
Pukyong National University

Abstract

This study “includes extraction of gelatin from yellowfin tuna skin,
manufacturing of hydrolysate by means of subcritical water and enzyme,
and examination of DH (degree of hydrolysis), nitrite scavenging ability,
reducing power, and inhibitory action on N-nitrosoproline formation.

As a result of measuring DH of gelatin hydrolysate by means of
subcritical water, it turned out that in reaction to tuna skin gelatin at
250C for 3 hours, DH was 92.5%, and in reaction to pig skin gelatin,
87.5% respectively. As the temperature and time of hydrolysis increased,
DH increased accordingly. In addition, the values of yellowfin tuna skin

gelatin - hydrolysate were higher than those of pig skin gelatin



hydrolysate at each section. In hydrolysis of yellowfin tuna skin gelatin
with Alcalase among enzyme hydrolysates, DH was 83.4%, which was
the highest, and with Flavourzyme, 82.4%, with Protamex, 81.9%, and
with Neutrase, 79.9% respectively. As to pig skin gelatin, in hydrolysis
with Alcalase, DH accounted for 81.3%, with Flavourzyme, 79.8%, with
Protamex, 79.2%, and with Neutrase, 78.8% respectively. In hydrolysate
of yellowfin tunas and pig skin gelatin, DH ranged from 75.2% to
83.4% in general. DH was somewhat high-when Alcalase was used,
while somewhat low when Neutrase was used.

As a result’of measuring nitrite scavenging ability, it turned out that
the rate was the highest' at pH 1.2 and that among gelatin 'hydrolysates
using subcritical water, when the hydrolysis temperature was 250C, the
highest, and the sample processing lasted for 3 hours, the rate of the
nitrite scavenging ability was 93.2+1.29%, while pig  skin gelatin
hydrolysate showed 89.3%#1.04% of the rate of mitrite scavenging ability,
which was lower than that-of yellowfin tuna skin gelatin hydrolysate.
Likewise, enzyme hydrolysate showed the highest nitrite scavenging
ability at pH 1.2, and the sample that went through hydrolysis with
Alcalase for 6 hours showed 60.7£1.42% while that with pig skin
gelatin, 55.7£1.40% respectively. Besides, it turned out that the
scavenging ability was less than the case of subcritical water
hydrolysate. Both yellowfin tunas and pig skin gelatin hydrolysate

showed more increase of nitrite scavenging ability at lower pH, which
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indicates the dependency on pH.

The reducing power of subcritical water hydrolysate with yellowfin
tuna skin gelatin accounted for 0.740+0.005~1.429+0.007, while that
with pig skin gelatin 0.417+0.005~1.140+0.006, which was somewhat
low compared to tuna skin gelatin subcritical water hydrolysate. The
reducing power of yellowfin tuna skin gelatin enzyme hydrolysate
accounted for 0.369+0.005~0.942+0.006, while that of pig skin gelatin
enzyme hydrolysate 0.287+0.008 ~0.726+0.006. It also turned out that
when the rate of mnitrite scavenging was high, the reducing power also
tended to be high accordingly. In._the case of subcritical water
hydrolysate 'with yellowfin tuna skin gelatin, the NPRO, controlling
effect accounted for 25% ~—33.2% in comparison with the control group,
while the inhibitory action on NPRO formation of the subcritical water
hydrolysate with pig skin gelatin accounted for 17.1% ~28.8%. In the
case of enzyme™ hydrolysate with yellowfin  tuna -skin gelatin, the
inhibitory action on NPRO formation accounted for 16.3%~37.8% in
comparison with the control group, and that with pig skin gelatin,

15.5%~23.9% respectively.



ol A4t (nitrite) > A5 2 FAVFEF AX Al AAREHE HIMEERA &
AFel w5l Aol QbAgsle] T, g Al Clostridium
botulinum® 47 3 H4& AAd= AAZARF = A= dHA Ut
(Christiansen et al,, 1974). o}&84942 AFHA7/FERA ¥ ofyel &1
&, B Sox A% EAQsn Yt dex] domw (Harada et al,
1974), =& opjFu HAo v EAstL = AAdE AidsdEas
v AAakskd Al gtol] osle] ofAAd o R S wHolRrla 3kt (Hayashi
et al., 1988, Takagi et al., 1991).
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P-450 2Elel 93] uthAFEAdst =HojA ™, HE3 acetyl transferaset
diazonium ion®] AL ZRAT B Prh (Yamazaki et al., 1992).
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AFAA dojus YEZA AR nitrite?}t 9H&E F A= 3t
FEo oaf AAE & dvka dEA U UERARSY FAAAE ¢
st A2+ Mirvish &l 98l H#E=Z ascorbic-acid®] HEZAT AJA
oA ko] wra H o (Mirvish et al, 1970), tannic acid F+=A (Gray
et al., 1975) ¥ 'sorbic acid (Tanaka etsal, 1978)°lA = UEZ ALY A
AAEH7E Aol BuFEUATt. =gt Maillard ¥-8 A &< melanoidin

(Kato et al., 1987), gallic acid (Walker et al., 1975), caffeic acid¢} ferulic
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acid (Kuenzig et al, 1984)ol % UEZAR ABAHS At e A
o AZZFo phenolic guaiacol, resorcinol 52| phenold EHEL
nitrostWH-§-& A skAL A= Ao=E B FHth (Cooney et al,

Tk YEZAN O AAQIAR] ofFAA o] Fafjo] gk A== v
A FZE3F diallyl sulfide (Wargovice et al, 1988)2 H|#3&leo], A= F
=& (Park et al, 1995), %% =% (Chung et al, 1999), %94 (Lee
et al, 2002) ¥ WHu¥ FEE (Lim et al, 2004), HZF F=E (Park,
2005), W% ¥}3 FZEE (Choi et al, 2006), &7t ~HZ8%A| (Cho et
al., 2007), FU4E F=E (Lee et al, 2008) 5 o}@ArY Eafztgo o3t
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ANBgg2 AgH ool (Thunnus albacares) 74 AL FAA] (F-4F, 3
) A HlEo] Zo] = HHE ATt HES AAT ¢ H4EdS
Aol o] &atiom, Aol Aefx]7] A7pA] -18C T2 = K3
. ool AARYE FEI AYRY S4s dotiy] 93 SEEE
& A€l porcine skin AEFE (G2500, EC No 232-554-6, Gelatin
from porcine skin, Type A, Sigma, U.S.A)S AFg3ste] Bl 3FSic).

Aol AFE ¥ RE A 9F2 analytical gradee] T}
2. AgHy

21 A= A=z

Fodeol A4 Adude] Ax= £ 5o W (Cho et al, 2005)°] 3t
of AAjstdtt. WA Aeds FE5H7] 9 Hlse] 2o = FHE A
s Fuie] A= HsS Akl AERtE wg FHssd. g
He fgAS vhaiste] Aol F=AE 5 84 (v/w)e] &EEl&e (1.89%
NaOH)< 7}t & shaking incubator (HB-201SF, Hanbaek Scientific Co.,
Korea)Z ©]&3to] 10T, 200 rpmel A 70A1 7+ A @] dto] wjZepA ohalza
o AA H =4S FaAAY &2y A 5 42y 94 AAES A
dto] 2= B2 FAE ¢ o 6 N HClS ol &3te] F3stirh Als

ol 6¥l (v/w)el SRFE 7HE F 60TolA 523t d FEAT
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FEAS 30T, 900xg=E 3087 AAEF 3 T AFdL of3x] (5A 110
=

mm, Advantec, Japan)E ©|-&3to] zHekelat aklvh ot A= Ak
=715 ol&ste]l 60TCalA 10 brix® F53Ath §59 A4S dFH0x7]

(WFO-601SD, EYELA, Japan)E ©]&3}o] 24413 Az & 2z 74
st T (Fig. 1).
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Autoclave System H]E o] &3tArt A5 STharol(yellowfin tuna)
AR FEF A 5 g& 2FEFTM00 g (FHH] 1120022 FH|st
HEg-7) o FRlske}, T A= (100 bar) [FEHLe = dv)ste £ &, Ad
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222 34 JHSFEIAEY AX
BAE o83t Vteddle A AE=ERYH FF3 Akl S Alcalase,

A Ranag olgstel 4
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Flavourozyme, Protamex, Neutrase < @92
a0 Ao &% %W pH (Alcalase, 55C % pH 7.0; Flavourzyme, 5
0C % pH 6.0; Protamex, 40C % pH 6.0; Neutrase, 45C % pH 6.0)°l
A AR (05 1, 2, 3, 6A1%h) wREAIZ oW 7AW EaAHE 1]
(w/w)el H&=s sty Ea03-2 A= 100TCAA 1023F 7FE A 2 st

of 345 AZAZTH



with NaOH solution in shaking

Alkali treatment )
incubator at 200 rpm, 10°C

Neutralization repetition of washing with water
Hot-water extraction with distilled water in water bath
Centrifugation at 900xg for 30 min

filter paper

Vacuum filtration
(Advantee, 5A, 110 mm)

Vacuum concentration 10 brix at 60°C

Hot-air drying at 60°C for 24 hr

Fig. 1. Flow of gelatin processing from yellowfin tuna (7. albacares)

skin.



EE SAReEA JlFRAEE SASAY VTt s did 24
7] E(Protein assay kit)E AF-83to] F43Ath WA AlE 1 mLel Lowry
reagent solutione 1 mL H7}st & & &335tar, A-2oA] 207F QWS-
ZA ¢, Wkg-oof| Folin & Ciocalteu’s phenol reagent 0.5 mLE #7}d 3 &

Aol HolE F, 308 FE AeolA WAl AZTh wAE % 30% oyl

oA A A8 L Kate' 59 ®WH «(Kato et al, 1987 wz} dA
T 7heEdE AR mLel 1 mM NaNO; €9 1 mLE 713l o]
1 N HClI (pH 1.2) k5883 02 M citric acid (pH 3.0, 4.2,
6.0) &8 A& ARESt] Hhedee] pHE 717 12, 30, 42, 6022 7
F FORkS g ele] FuE 10 mLE 33t o] ¥&goE 37T
&5 1 mLA F ko] 2% =489 5 mLet
Griess AleF (30% ZAM&Ho = A x3 1% sulfanilic acid®t 1%
naphthylamine®] 1:1 &3H)&
1583 WA § 3G =AE ARESEe] 520 nmol A 3 =5 S48
Atk iz Griess AloF Al S57#5 05 mLE H7He & 4% W
How FAste] Al8E H7HE 459 F7kebA &8 499 MEER Y
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AL AlE 1 mLel 0.2 M phosphate 2+&89 (pH 6.6) ¥ 1%



potassium ferricyanide 2+ 1 mLE % 7}3F th2 50Tl Al 20%7F WES-A] %
t}. o 7] 10% trichloroacetic acid €94 1 mLE 7} t< 3,000 rpm
oA dAlEe st A& F5H 1 mLell TFF 1 mL % FeCls 1 mLE
7FeE &, 700 nmolA FFE=E SASAT. AR SdEe FEE go

= yeEhf 2tk

2.6 N-nitrosoproline A4 A %84 A

N-nitrosoproline (NPRO) AAl A28 Fig. 29 #o] Ads¢dr).
01 M proline 5 mLell &Ae Als 1 mLE F7Fsta, of7]o 25%
perchloric acid (PCA)Z pHEZ 122 %A% ©& 60 mM NaNO.Z 200
pL A7 o g wk-go Azt Th. WAL w3 A 71 &
sulfamate ¥ 1 mLE AVl 24 WSS FAA 7 O3 Table 13 2
< =7 skl HPLCZ NPRO®| A &S =43ttt NPROS| A &2
ato] A g NPRO=A 3%

1026 ammonium

_8

Lijinsky % '(Lijinsky et'al., 1970)¢] == dj

FAFTAL Agstel A usglth,
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5 mL, 0.1 M proline soln. 1 mL, Sample

Mixing

Adjusting pH 1.2 with 25%

perchloric acid

Adding 200 pL, 60 mM
NaN02

Stirring vigorously 30 sec

Incubating for 1 hr, at 37C

Adding I-mL, 10%

ammonium sulfamate soln.

HPLC analysis

Fig. 2. Schematic procedure for the determination of N-nitrosoproline.



Table 1. Instrumental condition for HPLC.  analysis of N-nitrosoproline
(NPRO)

Instrument Hitachi HPLC system

Column nBondapak ™ Cis (3.9 x 300 mm )
Detector UV 238 nm

Mobile Phase 0.02% H;PO4 : CH3CN = 80 :°20
Flow rate 0.7 mL/min
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(a) Yellowfin tuna skin gelatin
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(b) Porcine skin gelatin

Fig. 3. Degree of hydrolysis of gelatin hydrolysates by subcritical water.
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Fig. 4. Degree

enzymes.
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of hydrolysis of gelatin hydrolysates by
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6A17FD wf 79.9% = YERton thE gad vl§] tha GAl YERRTh H)
A Ad AgEle] A Alcalase® 7FiEs] stS W 0541 o
T1.7%, 6A 7+ W 81.3% % e}t Flavourzymes ©]-&

gk A9 0541 Wl 76.5%0lA 6A1ZFY o 79.8% = UERREo T,
76.4%¢°F  79.2%° e YEAS. Ao =
Neutrase®] 7 05417t wf  75.2%0°l A 6417+ wf 788%= }EFRL
gudol 2 A A4 AgRY rteEdee dAHe® 752 ~ 834%
o] 7t EE UEtdR e, ZteiE Algte] StE TS Ve EdE s
ol o, Alcalase . E4E A& S W o =

NeutraseE AH&atals o WA el

s

Protamex® 7%

2 oA 23 2-&

Al b o] oA I AE&S dotry] 9lske] ¥ pHE
1.2, 3.0, 42,6022 3lof ol @At Hefl&&S =73t Ath

pH 12014 ol AIsE ol &3t A Ve el &
o] A¥E Fig. 59 vERISATE Svhgo] AA AvhEl oflA Tt E
F b @ 2x¢-150C (0 hr, 3 hpolal sbsEe] 8 Aol ztzt
284£1.12%%}F 41.5+1.20% % YA yetwow, 7teiks 22l & b =
€ 250C (1 hr, 3 hr)oll A& 87.8+1.35%%} 93.2£1.29%°] =& ofAA e &
af2tgS et AT A gE Ag" sl s 150C (1 hr, 3 hr)
oMM 27t 164+1.42%9F 174+121% 2 o}AAY Hajztgo] AA3F A

M
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-

wor, b = 2% 250TolAM = 85.6+1.27%9 89.3+1.04% = &
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Fig. 5. Nitrite scavenging ability of gelatin hydrolysates by subcritical
water at pH 1.2.
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Z}7} Fig. 60 Yetideh. ool g4 Agd 7teEs=s B 250T
(1 hr, 3 hr)oll A 70.6+1.17%%} 795+1.26% % =4 vebwton, sx A=
Agtel bR ES 250°C (1 hr, 3 hr)ol A 68.9+0.94%%} 73.8+1.15% &
7FE =4 vErs T pH 129 Aol nlasiE w ob Ak Eaf 2o
Tha A YERE T pH 42914 % oo 9 =] A Agd s

pH 12014 &tiego] 2 =7 Ad Agtdd a4 JhFadlEe ofdAitd
wall 2ol A#E Fig. 991 e ATk, Srigo]. Z4A AerleA =
Alcalase2 6A1ZF 7FrFEall st A|87F 60.7£1.42% = 718 =
2 pH ZAA A o}dAlS 7k alEdd HlsA = Ealanrt oA =
Ao 2 Yeldt Flavourzymed Protamext= 3A17F 7FEE&619 S
50.4+1.14%, 44.7+1.18% = UELWTE Neutraset 6A13F 7HFE8] &=
30.7+141% = YetthosiA] A4 Age S 2 g2 BT 64
fallS Wl Alcalase ~55.7£1:40%, Flavourzyme 47.8+1.29%, Protamex
42.8+1.33% Neutrase 32.7+1.21% = 1 % 7} =4 veElgoy, 22 x
A9 ofdAF IR ES] v E ofdatd RaAlEHI AA HolH =
Ao = veyth pH 3.0, 4.2, 6.0414+= pH 1.20] H]af ofAA i3 &
7b AA FHAske] Rl E A vF mekek Ao R yEwow, oAl Tt
=t v AR B4 VleRdlE®= pH A4S YEH (Fig
10-12). o] A& Kang 5 (Kang et al, 19953} Park (Park, 2005)°] X1l
3 pH7} 5SS ofdArd Balanrt gAadus Aye e 4T
e AT
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(a) Yellowfin tuna skin gelatin
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Fig. 6. Nitrite scavenging ability of gelatin hydrolysates by subcritical
water at pH 3.0.
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Fig. 7. Nitrite scavenging ability of gelatin hydrolysates by subcritical
water at pH 4.2.
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Fig. 8. Nitrite scavenging ability of gelatin hydrolysates by subcritical
water at pH 6.0.
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Fig. 9. Niftrite scavenging ability of gelatin hydrolysates by proteolytic
enzymes at pH 1.2.
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Fig. 10. Nitrite scavenging ability of gelatin hydrolysates by proteolytic
enzymes at pH 3.0.
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Fig. 11. Nitrite scavenging ability of gelatin hydrolysates by proteolytic
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Agtel ZheEa s sy e X A4 A ol Al Tt E Rt
kA wE2 0.417+0.005~1.140+£0.006¢] H91%10.™, 200TC (3 hr) A& llA]
S FAES Bk ofdAY Ra A& Ay A AIAE H AL}

B ouf, ofF ik BE|ZEo] w2 FilolA gAFo=R IFUdEHE =4 o
Elyom, o)A 73t ghd=Hd 93] nitrite7k NO B NOs;= U=
A oA SR P nitrosamine ABA A EHE YE L=

Mirvishi & /(Mirvish et al., 1970)3 Kato & (Kato et al., 1987)e] X 119}

Table 3oll= &opgoli & ## A& A&gE 84 7l
= ey Sogel gd Age a4 JieReiEe $
0.369+0.005~0.942+0.0062] ® 91 & YEE 2w, Alealase (6 hr) 7} 3
of & E& JheddlEel HlE =e geds etk =1 AE A
ZEl g4 JheEeEe] =S 0.2870.008~0.726+0.0062] ¢ = e}
o grigo] AA AgteEl 7R Ed A9 v A2 Alcalase (6
hr) 7FeEsEc] vE 84 ZlsdaiEd Bl =& 489S Yeudl
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Table 2. Reducing power of gelatin hydrolysates by subcritical water

Condition of hydrolysis Reducing power
. Yellowfi ki Porcine ski
Temperature (C) Time_(hr) ellowim tl-lna skin orcme-s n
gelatin gelatin
1 0.740+0.005"" 0.417+0.005'
150 :
3 0.862:0.003¢ 0.556+0.006'
1 1.151+0.004° 0.976+0.004"
200 -
3 1.403+0.004 1.140+0.006°
1 1.405+0.007" 1.025+0.007°
250
3 1.429+0.005" 1.115+0.008"

YMeans with different letters  are significantly different (p<0.05)

_25_



Table 3. Reducing power of gelatin hydrolysates by protease

Condition of hydrolysis

Reducing power

Yellowfin tuna skin

Porcine skin

Enzyme Time  (hr) gelatin gelatin
0.5 0.56320.008"" 0.415+0.007
1 0.640+0.004¢ 0.485+0.006™
Acalase 2 0.815+0.006° 0.675+0.005"
3 0.887+0.005" 0.687+0.007"
6 0.942+0.006" 0.72620.006°
0.5 0.48440.005™ 0.375+0.005%
1 0.526+0.005' 0.406:£0.006°
Flavourzyme 2 0.622+0.004" 0.478+0.005™
3 0.780+0.006° 0.542+0.008"
6 0.779+0.007° 0.569+0.007
0.5 0.429+0.004" 0.34140.006°
1 0.441+0.005" 0.347+0.007°
Protamex 2 0.442+0.006" 0.352+0.005°
3 0.590:£0.008' 0.389+0.008°
6 0.624+0.004" 0.431+0.007"
0.5 0.369+0.005" 0.287+0.008"
1 0.378+0.007" 0.29140.006"
Neutrase 2 0.385+0.005° 0.295+0.008"
3 0.389+0.006" 0.317+0.007"
6 0.42140.005° 0.32620.006"

YMeans with different letters are significantly different (p<0.05)
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Fig. 13. HPLC chromatogram of N-nitrosoproline: by incubation time.
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Fig. 15. Effect of porcine skin gelatin hydrolysates by subcritical water

on N-nitrosoproline formation.
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Table 4. Inhibitory action of gelatin hydrolysates by subcritical water on

N-nitrosoproline formation

Condition of hydro/es Yellowfin tl_ma skin Porcme_skln
gelatin gelatin
0 Y NPRO Formation NPRO Formation
Temperature( C) Time(hr
peraturel ) WA %) (ng) (%) (ng)
Control 100 718.4
150 1 74.8 537.0 78.7 565.3
3 66.8 480.0 81.2 583.1
1 72.7 522.2 71.2 511.2
200
3 73.0 524.7 76.0 545.7
550 1 75.0 538.8 77.6 557.2
3 73.1 5248 82.9 595.2
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Fig. 16. Effect of yellowfin tuna skin gelatin hydrolysates by Acalase

on N-nitrosoproline formation.
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Table 5. Inhibitory action of gelatin hydrolysates by protease on

N-nitrosoproline formation

Condition of hydrolysis Yellowéieliagﬁla skin Porgcélf;tizkin

Enzyme Time (hr) Nl())RO Formation NPORO Formation

(%) (ng) (%) (ng)

Control 100 718.4

0.5 78.9 566.7 80.2 576.3

1 83.7 601.2 83.9 602.4

Alcalase 2 712 554.8 84.2 604.9

3 68.5 492.1 76.6 550.0

6 62.2 446.8 76.5 549.6

0.5 80.2 576.3 N 558.4

1 82.6 593.6 84.1 604.2

Flavourzyme 2 80.1 575.5 84.5 607.4

3 79.5 571.1 82.0 589.2

6 75.7 544.0 78.8 566.4

0.5 79.4 570.2 79.2 568.6

1 5 520.6 76.1 546.5

Protamex 2 74.1 5323 77.8 558.7

3 72.7 522.1 77.8 559.1

6 71.2 511.4 80.3 576.8

0.5 81.3 584.1 77.4 555.8

1 76.4 549.0 80.3 576.7

Neutrase 2 76.5 549.9 81.6 585.9

3 73.3 526.6 71.7 558.3

6 71.1 510.6 78.4 563.2
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