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Effect of Lowering the pH with Citric Acid on Histamine Formated in
Salt-fermented Anchovy Engraulis japonicus Fish Sauce During the Initial
Fermentation Stage

Kil Bo Shim*, Woo Jin Lee, Byoung Kyu An, Jung Jin In, Hyeong Gu Han and Seung Ah Son
Department of Food Science and Technology, Pukyong National University, Busan 48513, Republic of Korea

This study was conducted to inhibit histamine formation in salt-fermented anchovy Engraulis japonicus fish sauce,
by lowering the pH using 1% citric acid as food additive during the initial fermentation stage. The fish sauce samples
were prepared with fresh anchovies used immediately after being caught (F), and left at ambient temperature for 4 h,
and 24 h with 25% salt, 1% citric acid, and without citric acid for a 6-month fermentation period. The content of am-
monia nitrogen, total nitrogen, and glutamic acid in fish sauce was unaffected by the addition of citric acid during the
fermentation period. The histamine content of F and 4 h samples were 20.5-30.6 and 77.4—119.3 mg/kg, respectively.
The histamine content of F and 4 h samples with 1% citric acid was 4.1-8.7 and 50.4-56.1 mg/kg, respectively. Fur-
thermore, addition of citric acid did not inhibit histamine formation in 24 h sample that had lower freshness quality.
Additionally, effective inhibition of histamine is observed during manufacturing of salt-fermented anchovy fish sauce
on an industrial scale, suggesting that lowering the initial pH using 1% citric acid does not alter the taste and flavor
of the fish sauce.
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Biogenic amines (BAs)2 THil21-S- $H5-31 A]&0] Kuf|5}7]

[BR=lgen /\é A of| A histidine, tyrosine 5-2] F-2|obr] 1= Alo]
Yehibi A AR TSR] ofa AREE AR
0 S Eamine) Tl ol o] el el SRS Ae

9, 528, Sk} i) 4RI A o] o gt obfe} 4]
=9 7| dR o2 A3tk Pfundstein et al., 1991; Shahidi
et al,, 1994). 12 } A]3Zof| UK BAs 3}gHE0] -5 o] A4
A o}l 5 histamine (HIS)®] 7<) A3 A ¢7dstet 42
7], tyramine (TYR)2 &} 414 2 %% cadaverine (CAD)
1} putrescine (PUT)2 Aol 4] 738t 2helE2] 91 nitrosamines,

nitrosopiperidine, nitrosopyrrolidine2 A§4gF 4= Jth(Yang

etal., 2016; Dedola et al., 2020) “Z2]aL Z&]o}7I<l spermine
(SPM), spermidine (SPD)2 &5 4]&of z}¢1% 02 EA)js}

7|5 jit}. 18]l BAs gFeol —‘3;—8 AEoll= fA1E, o7 2
oI, 45 S5, JIVAF, 4141 A o Ui
.‘5’ 2= /\ %94_0 UHZQ_7PO HI—:Q—_ 5= Zog o]—g%x:] oh;].
(Wéjcik et al., 2020). £3] A, A 5 chal 2L =g A7)
Aol 2 WHEE HISe &%= ’SHOP‘?“; AW Ao
ofaff AAE 2= A 7F JATE TE(F/ 200 mg/kg 0142
HISE H215H 7 9olli= A5 4ol L v, 2], 7,
A S Rt 4T RAR TS Ui 4
A1E0] RMAAE Hrkeks AR o]-&HtH(Karovicova
and Kohajdova, 2005; Shin et al., 2019). 22|y} & 7|&
2 AREET DA Yol dFolR, 528, A=/
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Act 5 T ARt A% 4 HIS 9 712 200 mgy/
kg ofstz AAE o] glont, MR 7|Ee AsiA AUA| et
(MFDS, 2023b). BH4, fish sauce®] HIS7| &S 48 ATHEU,
2013)001413= 200 me/kg ©]3F, ZA] 4 £+ 49118 (CODEX
Alimentarius Commission, 2018)0f| 4+ 400 mg/kg S = 3}
I ek

Saltate] Wx|AA0] BAs 3k HIS 275.0-565.9 me/
kg, PUT 30.9-2,370.9 mg/kg, CAD 7.2-318.6 mg/kg, TYR
53.5-463.5 mg/ke, tryptamine (TPM) 145.8-613.1 mgke,
2-phenylethylamine (PHE) 15.2-81.6 mg/kg, SPM E7%,
SPD A& oA 9Jth(Shim et al., 2021). 12| 1L Efj=to]
A 5%+ fish sauce®] BAs 552 HIS 45-1,220 mg/kg,
TPM E7%-177 mgkg, PHE 27242 mgkg, PUT 2.0
243 mg/kg, CAD 45243 mg/kg, TYR 4542 mg/kg,
SPD £71%-98 mg/kg, SPM 271298 mgkg © & 224 9]
CH(Tsai et al., 2006). UHH2] 0 2 HISS A3 8] 5 2a] 2] W
of olsto] HA wpjER] ghong 7] YA AT
T e AL AE FA0E 7)ol ZashH, AR AR
Ao & 417 80| 7Hs3t HIS A7t7|&0] 7= ofof gt

B AA ] HIS Aol 7H 2 92 7= A2 d= Al
Tolw, A 6711 ool 2F HIS o] 278, ol= ¢
= E2) 9] Arof whet 7] 4E A/ o] 7] EA|HA O] pHE A
SHAIA HIS A4 A& 478 oAlsk7 e &0l ch(Shim et al.,
2022). whebA] AR Aol A E 2] A o] HIS A4S Batal o
= A5 SR e ® HA] ARl pHE &g} A 4
FH7He2 AMEsto] AsHA7|aLAt BkQit. o5 Skl Rt
Aoz HA WA A LA AN E= HARE YA o= &9
ARE 40E7HA] Y WA a5 ARESEAL glo] AlER7HE
O ARg-FFo] WobAH Aabek7ho] Abak A AL5-9] Bhof| g
TS E T UCEE, THA O] AHTHA W& Freo A EAY
A 20 Bt 32 fA15HH A HIS A4S apa oz oA
o4 e A7HEEH citric acidE A8l whebA] & ¢
TollA= HE A8 27] pHE ASIA o= A 5HA[A EX|
Ao HIS A/ A aiks ghelstarzt shgict

Rl

ERTRTE

12 2Rk EA] R Aol WAste] Aeg YFo s
225, F; o 97184 95 18.7 mg/100 g), $(°1¥]
4N ZEEEA], 4 by 3 7] A 4 36.4 mg/100 g), SHO1 8%
24X HFA], 24 by S/ 71 A A T 74.4 mg/100 @)= 7t

7} 249 &, Y® WA 1 kgoll WA Sl 25% A A2t
1% citric acid-& ZHz H7falo] Ao A 6701Y B9 2 &
A EAE A= (1% citric acid H71E, CC)Z ARESFTh ti %
“Hcontrol, C)yi= A =5 243 Y= Ao AlgukE H7Iet
e NRE ARSI

Olstate NE Sz 2N

pH+= pH meter (Orion 3 star; Thermo Fisher Scientific Inc.,
Beverly, MA, USA)Z /204 SAsl3lch & H A (total
nitrogen, TN) semi-micro Kjeldahl o2 EA35}% o
(AOAC, 1995), o}t .=ARd A A (amino nitrogen, AN)+= For-
mol 74 %o] w2} 24319 cHMFDS, 2023a).
Glutamic Acid &% 24

Glutamic acid =2 A= 5 gofl 5% trichloroacetic acid 15
mLE %7}5F0] homogenizer (9,000 rpm, 1 min)E ©]-8-5}¢]
AR 5 A2 A 30 min HFAAA THEE S HAIZACH
2141 52](8,000 g, 15 min)3Fo] A=< lithium loading buf-
fer (pH 2.0) 50 mL= %83t & 0.45 um PTFE syringe filter
(Whatman, Maidstone, Kent, UK)2 oJ1}5}o] vialo] Hof
amino acids analyzer (Sykam DE/S-433D; Sykam, Eresing,
Germany)= £-43}%t}.
Histamine &% 24

HIS -2 A1559] 71 9 A4 (A534) 9] il mhet &
A1 THMFDS, 2023a). A& 5 gofl 0.1 N HC1 25 mL2 7}t
F A, 0|2 A0 9 F AEHE of3}
shol Aol 2 A8} oIk g3 A R4S 212t | mL
= Aol Y1, Wi #3E=%(1,7 diaminoheptane2- 0.1 N
HCIo]| 2=0] 5 mg/mL& 3 goliof 0.1 N HCLO.2 100 ug/mL
ZA) 10 pLe} 323} Na,CO, 0.5 mL, 1% dansyl chloride-8-}
I mLE Y3 33t &, v 5ho] 45°CollAl 1 h =4 2}8h
a7, 10% proline -8-24 0.5 mL2} ether 5 mLE- 715101 10 min 2l
T3, A5 NS Hslto] A EE3 H acetonitrile | mLE 2
]38t 718 HPLC (Acquity H-class system; Waters, Milford,
MA, USA)& E-45}ich,

SAXzZ

A= 24 2= F AT ANOVA test S o8-
3to] BEAME A3 3 Duncan] tEYAA 02 2 A S0l A
(5% o )S AAISHATHP<0.05).

A7 A AEE Q9 oz 2dsto] Y7 Fx|of A H}
1% citric acidE 715t 6714 @ abg o 4] A 441 2] pH
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Fig. 1. Effect of citric acid on the pH of the salt-fermented anchovy
Engraulis japonicus fish sauce with various raw material freshness
during fermentation for 6 months. Symbol with different alphabet
letters (a, b, ¢ and d for control, A, B, C, and D for 1% citric acid) in-
dicate statistically significant difference at P<0.05 within each row.

IS A e 43t 27] AR UA]9| pHE Awof ukef 247)
6.20 (F), 6.62 (4 h), 7.14 (24 h)o| ¢lt}. CCo) pHE= i 174
A3} 3 742} 5.76 (F), 5.85 (4 h), 6.17 24 hyo| 9o, 67§1L &
of= 5.23-5.7471A] FhasF A k(Fig. 1) ¥H, ti 2t Ao
uleb kg 17]Yo] 5.85 (F), 5.84 (4 h), 6.80 (24 h)= e e
o, 67] Yol = 717} 5.39, 5.57, 5.70°.2, citric acidS 7}
g Fx N Ao v]af A= thas =Sk} 53], WA xy] pHRSH
= A1 %= 9} citric acid A 2] o] 2Ja}o] ARt 2ol 7} Q13 o, B
8470 o] T HE =24 >4 h>F £ 22 pHYF =9to, 5
Aol A citric acid A 2] o] 2]3F pHO| 2] 2 Q] 2ol = §lSich
(P>0.05). ©]+= 27| citric acido]] 2|3} pH7| A5}% 3101, o]
Foll= YaIPY ol A ThulE o] Fafiel {714k A ol &8t
o] pH7} A3} = A o &2 o),

AR B2 Awof M2 Wi 7| 7te| w2 pHE AH 2, of
A 50]] 6.32, 24 h =20 ] Fofl= 6.80132H, o5 A

£ o] @3t WAL O /)Y Ayfstd 22 5.8, 632
2 7+4319ch(Shim et al., 2022). 18] 37 Q€A © & W x|l A
9] pH+ 5.35-6.91, BA & 2313 o7& o] 83t A< pH
L535-6.912 218t 27ke} 5-AFHITHShim et al., 2021).
o]5 Aol A BRI HA L] HIS A7 Gik= A7t 2 U=
£ AREAl H71AE Y o= pHYE A5t 7] wiZell, 27] Y&
pHE 6.00|5}2 A3kA]7|= Alo] uf$- Fa8hrharl Harskglck
(Shim et al., 2022). wheka] H2|HA 2] W& 27] pH= 1% cit-
ric acidE 7Fsto] 6.00]512 A5kA| 4= Qlet.
BX|AUKC| SEA I Of0[L AT A B Het
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o
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Fig. 2. Effect of citric acid on the total nitrogen (A) and amino
acid nitrogen (B) content on the salt-fermented anchovy Engraulis
Japonicus fish sauce with various raw material freshness during
fermentation for 6month. Symbol with different alphabet letters (a,
b, ¢ and d for control, A, B, C, and D for 1% citric acid) indicate
statistically significant difference at P<0.05 within each row.

T} 6710l 7+ 1.32 ¢/100 g, 1.49 g/100 go| .01, CC= 2
F717F % 1.39 g/100 g (171 €)ol A 1.48 g/100 g (671 €)=
S7FoFITHFig. 2A). Y 2704 AN FeF2 tjx+2F CC
Lubg 7)ol 2+ 649.1 mg/100 g, 696.75 mg/100 go] 3}
o, 67§l ZHzF 1,001.4 mg/100 g, 910.64 mg/100 go] <}
t}(Fig. 2B).

AE7h4h dRE A2E AR TN TR 2a 1719
7}7} 1.50 g/100 g (C), 1.23 g/100 g (CC)o|Qlom, Wi 671
Yol = 77k 1.64 /100 g (C), 1.46 g/100 g (CC)o|SiTh 5
o] 2704 AN 3HFe Bra 171 Z+2F 1,118.74 mg/100
g, 840.49 mg/100 golgloH, W& 67§ Lol = 72} 1,138.08
mg/100 g, 910.92 mg/100 go|Sitt. M%7} 24 h & HAE
]85k A2 2] TN gk wha 17 o) 242} 1.58 g/100 g (C),
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1.43 ¢/100 g (CO)ol3lom, Ta 67§ Lol 242t 1.70 g/100
g (C), 1.53 g/100g (CC)o] it AN gh=2- & 1711dof 2t
7} 1,155.01 mg/100 g (C), 982.55 mg/100 g (CC), & 671
Yol 1,139.50 mg/100 g (C), 1,071.83 mg/100 g (CC)o| Sl
th(Fig. 2B). Citric acid 7}l 2J3t x| oH#12] TN U AN g}
FZ Y AEoA= tixTto] Histo] gheFo] thar Wkt
(P<0.05).
HX|HAIO| Glutamic Acid S2f 3}

w7t F AR 2|29 A 79| glutamic acid 32 WHa 1
7Nl zFzt 787.25 mg/100 g (C), 759.01 mg/100 g (CC)o|
Qom, BF 67]Yol= 921.04 mg/100 g (C), 918.48 mg/100
g (CC)o|2ItHFig. 3A). T3t AE7 4 h Y82 AZE A=
Lurg 17§l ZH2F 856.13 mg/100 g (C), 787.64 mg/100
g (COl%len, wa o7fdelli= 22 990.18 mg/100 g (C),
966.68 mg/100 g (CC)°] 2l tHFig. 3B). ¥l Aw=7}F24h ¢
=22 A2E A2 9ra 174 ZH2F 859.56 mg/100 g (C),
787.64 mg/100 g (CC)o1om, 67 Qo= 7tz 1,049.42
mg/100 g (C), 966.68 mg/100 g (CC)°] 3101, citric acid
7Fell o3t 32431 Zfol= §LSATh(Fig. 3C). WHaA|7|of uhE
A= 7Fe] glutamic acid =S v w s, A7t 4h Y= 2 A|
2% B2 NA 9| glutamic acid gHFo] 7Y #3tom, Arert
24h Y= 2 A z2H A8 FeFo] 7P Woktt

B A ] TR oA glutamic acid $Fo] 670 TR
30] 1,266.3 mg/100 mL, 127§ 9 W& Fo|= 1,477.2 mg/100
mL2 44 QIth(Lim et al,, 2002). Y2 9o] HH ol FHLS
AlzAl Al 0.6% citric acid Z7HA] 72 3kl=
Fe TA FowA nAEo] ot AR 2 o] oA E]
Algro] 7Fadtchal B i1s)¢] th(Harada et al., 2016). 53],
7y AN FAE Egste] sk Z7ge a2, &0t

S 2ol 2ol 7 gl o, ke tjzof H]s)
citric acid 77}k 2Fs 5l oH, 7HASE 4447 pH|
T2 7| glEo] W pHE QI3 21 & B 1519 tH(Harada
etal., 2016).

ufeha] B Aol A= citric acid 7ol ©]3t pHAEH= T
2 ol A 40] S-S thas A|5kAIA TN, AN FHef 12] L glu-
tamic acid 92 H7F6lA] o2 PR HAof H]to] W 67)
o 53F tha WOIAIE, gk Afol= A4 gFol HA|H A 9] gl
i I = RER ) |

e

2 2

Ein)

BX|MXO| Histamine &fE H3t

AEg d9fHoR 245t Y= W] HIS T Awo
wte} 20.7 (F), 25.6 (4 h), 672.5 (24 h) mg/kgo|glon, o5
Hug AlxH AR WA F HIS 3 ¥dl= Fig 49+ &
t} AE7FF Y22 A2 A2 HIS 3k 9ha 67]1Y 5
QF 17.5-30.2 mg/kg O & Ha I of| A A L] AH=A] ke
], B3] CCL wha 17)9ell HIS $HgFo] 4.1 mg/kgo]glom,
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Fig. 3. Effect of citric acid on glutamic acid content on the salt-
fermented anchovy Engraulis japonicus fish sauce with various
raw material freshness (F, 4 h, and 24 h) during fermentation for 6
months. Bar with different alphabet letters (a, b, ¢ and d for control,
A, B, C, and D for 1% citric acid) indicate statistically significant
difference at P<0.05.
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Fig. 4. Effect of citric acid on histamine content on the salt-fer-
mented anchovy Engraulis japonicus fish sauce with various raw
material freshness during fermentation for 6 months.

6719 W Fol= 8.7 mykgow WauAolA HIS A4S
A5} cHFig. 4A). A=7F 4 h YR 2 AZFH A7 HIS
L 1Y AT 774 mgheolglot 6714 WA Folis
119.3 mg/kg7HA] =553tk ¥hH ol CCAl &= U a 67HE &
o 50.4 mg/kg© 2 HIS A 40| 7] v]5to] AFera] o} 7))
chFig. 4B). WA A7} 24 h YR E A 2E A7 2] HIS 3
2o 67)Y a5 242} 570.8 mg/ke (C), 455.2 mg/ke (CC)
© 2 citric acid 3 7}o]l &gk HIS A4 A a3k= =22 ¢k
tH(Fig. 4C).

wheha] HR]HA O] HIS A/d-> draz7]of HIS A/dwtel 9
st & JFeteng, dwo| A7t 7t S asich ¢
& A E7h 8] sk 5= A EAfstel A o HISO| 54
5] A/ E7] wfiZel o5 Y=ot A9 citric acidol] H |3
Azl ol = At of 4| HIS A2 1 o] A/ o] = A] 9=
5 SFAINE A7 Ak SRIER] ¢FSkth BAs B/l gk ook
gk A)F H7HE] FakE 2ARSH Axfol| A glycine A 2] 4] PUT,
CAD, HIS, TYR, SPM 9] k2 o ko] vlal 22k 32.6%,
78.4%., 93.2%, 100.0% % 100.0% At char ¥ gt |f Q)
THMah and Hwang, 2009). 3 A1 gFFo] oF 10% 3%
d2o] ol FEA oA EelE HIS A4+ o= Staphylo-
coccus epidermidis F-2] =1 0.0, o] w2 citric acid =7}
30 mM o3l ax] ol A S7FsHA] eEke ], ojuf pH= 69|35}
okl B 15 tH(Harada et al., 2017). S ¥Fg o] FHA) o
aytAgof A 0.6% citric acid d7}= HIS YA+ gytd o=
A sfisto] WA 3097H4] 30 mg/kg ©]st= HIS A& <AIgt
Hhdof] tz2t= 22 Al710f 500 mg/kg o)/ 541 % A th(Ha-
rada et al., 2016). Citric acid+= 2] £7 2] LactobacillusZ:]|
s SolA o g gt Uettl=tl, L AQle wekehA] &
t}. YubA o 2 HIS YA FS pH 4465850 A 274 3

o pH7} m|Al = 9% 257

ol Al HISE thF o & A/ds7] el As=9] citric acid 3
7H= HIS A& 48 4= 9lo], citric acid 37+ g = of ths|
A A F 9, citric acid WA 52 AL2(sto] Al55H|
HES " a7} Qlckar Hskal Qlck(Konagaya et al., 2002).

webs] 2 AGFATE ol A ARl R HR A 2] A
ZA| HIS A4S avta o2 x3hst7] flsiA Aeye|et o
£01 1% citric acidE A& 24 KA 1152 ta} gfof| ¢
F2 TA| BA oA 27] pHE ATHAI7|= BA Q1
oafal TeHE Tt

Tt A0 715 9 A (MFDA, 2023b)ol 4] H3le- &
o agrolQol= 2r® F AEH7HE] 7S 85k &
= AS= kAL Q17| wiigell AEFH7REE o8-St Az
El HIS A7 A HA ] A 5732 FF s dsl Urtop & A
oja}ar Tt Th

Al AL

o] 152 202081 7 th ot a2] A 91(CD2020085) S 2
of 4343t Aol m, AH] A\ Ue] A= L.
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