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ABSTRACT

Milk is one of the most important food nutrition sources besides breast for infants and
babies, therefore the detection of nitrate and nitrite in milk is of great importance to the good
health of infants and babies. Traditional colorimetric method to determine the nitrate and nitrite
concentration in food is very tedious. In the present study, 100 samples of milk and milk powder
were analyzed by ion chromatography to detect nitrate and nitrite simultaneously without tedious
preparation steps. The limits of detection (LOD) for nitrate is 0.33 ppm and the LOD for nitrite is
0.07 ppm. The measured nitrate concentration in milk ranged from 0.3- 417.7 ppm, and the
average concentration was 92.7 ppm. The nitrite concentration in all of the milk samples were
below the detection limit. The survey information are as the following: (1) the average nitrate
concentration of colostrums fortified milk ranged from 14.1 to 136 ppm. (2) the average nitrate
concentration of whey fortified milk range from 42.6 to 242.8 ppm. (3) the average nitrate
concentration of ordinary milk ranged from 57.9 to 157.6 ppm. The dietary intake of nitrate from
milk and milk products in Taiwanese adults and children were estimated. All the nitrate exposure
levels calculated with the measured results for the different age groups are less than the
acceptable daily intake (ADI) 3.7 mg/ kg body weight per day suggested by WHO. Finally the
health effect of nitrate and nitrite in foods was discussed.
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Avery(1999)£ﬂ TERETAKRBE THRBE
BRSO 'G GBS T AR EF A 22

ol (methaemoglobmaemla) YV g 0 @
Winter(2004) &= 3 &1 a4 ¢ i L @ T kA
AR A AR S *W&]&Iﬁf“gﬁf: Bk
F €% 3 REE % 0 nitrosoamine ° % 1 FE
Wer BELARBSL G 2] RS RA D

AR GAREBNG WL ER - b4 2R FDA
lﬁﬂﬂﬁé“ﬁﬂwﬁwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
7 a8 0 B P Commission Regulation (EC)
No. 1881/2006 2 R¥F &4 ¢ chp R4 2R
e KFAEBIEES 2000~3500 ppm v & E
ZEHEZ AL R EARBIEE S 3000~
5000 ppm ° ¥ JfF ¥ (rucola) H A @ LE & %
6000~ 7000 ppm > #K#F4r 1 W E 2 B2 R @
LE B 5 200ppm e & E o & 72 RL A ¢ (Codex
Alimentarius Commission) % % & ~ 4c £ < 2 j£
FRP Y AP LEFEI RO Y AR BLE
TEEY
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Ay 1*575 s 2k oo @ & T - 2003 & WHO(2003)
~BFEIHEAA FrANE > B Y Bt
T Overall, the epidemiological studies showed no
consistently increased risk for cancer with increasing
consumption of nitrate. These data, combined with the
results of the epidemiological studies considered by the
Committee at its forty-fourth meeting, do not provide
evidence that nitrate is carcinogenic to humans. « iz §_
Grosse (2006)#+ International Agency for Research on
Cancer (IARC) # 7 ¥or frini a 5P @2 &
HERT & €3 g HFALEHME T
“ingested nitrate or nitrite under conditions that result
in endogenous nitrosation is probably carcinogenic to
humans (group 2A)” - #.3% > EFSA (2008)7* {7 7
%zﬂ;g P T L AERERES L akg o A
My Rdmmikdse™ 0 “Epidemiological studies do not
suggest that nitrate intake from diet or drinking water is
associated with increased cancer risk. Evidence that
high intake of nitrite might be associated with increased
cancer risk is equivocal.” -
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AT ER Y 2 Fé‘%i X""J #ﬂ‘%\ﬂé“#%“’
ARk T R Gkt > 18 MegaQ-cm 2 3 &3 ok
(deionized water, D.D.W.)

/kEg e (Acetic acid)

Bifi4r (Sodium carbonate - Na2C03)

B p: & 4 ( Sodium hydrogen carbonate
NaHC03)

Nitrate Standard Solution (traceable to SRM from
NIST NaNO3 in H20 1000 mg/L NO3 CertiPUR® |,
Merck) .

Nitrite Standard Solution (traceable to SRM from NIST
NaNO2 in H20 1000 mg/L NO2 CertiPUR® , Merck).

SoAzA

3% ﬁﬁ'ﬁ‘rﬁi@i;i
mL -

B3 L R - e B0k F 1100

#EoApin i (SmMopkpash ~ ImM Ape 40 ) -
#ﬁ%?—)&{ﬁ‘rﬁé}i 8.48 g % sped 4 0.84 g I 100

mL 757 > wokpfEL ey 3 100 mLo v R
FIEF G 4 °C ke o R mwf o BB
10mL - 2 kAR 2 1L WEh A o

B

A 1 g* 50mb =&AL > 4 r Bk E 30
Lo A2d A RFEP 10 minc 4 r 3 % M
mL> -k EX50mle#% 20 min- & 7000
rpm~ 10 min » B~E 5 0.22 pum igiEig 0 3
4 = 1. 5mL /E_/’g‘ni’ ’ ,%I%IF‘}@,,Q °

FEBEAH

1.3z ehdd 2 LOD
=2 2 LOD 4e Table 1.

Table 1. Method linearity (n=5) and LOD-

Retention  Linear  Calibration curve- correlation LOD.
time- range- coefficient-  (ppm)-
(min)- (ppm)-
nitrites  4.873 0.2~4:  y=0.1085x +0.0099-  0.9989- 0.07-
nitrate: 6.483. 0.5~10-  y=0.0924x +0.0024- 0.9994. 0.33«

2.7 i AP RER Aot &
¥ 2 5 4o Table 2.
Table 2. Recoverye

a Nitrite. Nitrate.

Day 1. 99.07%- 110.61%-
Day 2. 85.26%: 113.68%-
Day 3 88.93%- 112.46%-:

Bq @ EXAHL01£9?

# % R 4 Table 3.

Table 3. Precision of nitrite and nitrate.

Nitrite- Blank Detected value(ppm)- RSD -
values (%)~
Epm) Lo 20 3 4. 50 [ 7

Day 1. N.D.. 1.01- 1.03- 0.96. 0.96. 1.00. 0.96. 0.97. 2.7

Day 2. N.D.- 0.85- 0.84- 0.87- 0.83- 0.85- 0.86- 0.860 1.4-

Day 3 ND..  0.88: 0.90- 0.90. 0.92- 0.87. 0.89. 088 1.7

Nitrate- Blank Detected value(ppm)- RSD =«
value- (%)-
(ppm)- 1. 20 3. 40 Se 6: 7o

Day 1. N.D.*. 2.06- 2.08- 2.15. 2.12. 2.13. 2.17. 233, 4.2¢

Day 2. N.D.. 194. 2.02. 2.14. 220. 248. 247- 2.16. .30

Day 3. N.D.. 2.11. 2120 2.10.  2.13. 222, 2.25. 2.16. 2.7-

*Not detected-
100 5 8l 55 it B 4 7 4 % 4 Table 4.

Table 4 Survey results fornitrate contents+

Sample type+ Nitrate contents Mean contents+
(ppm )¢ (ppm)~

Colostrums Infant forrmla 0-34.9¢ 14.1¢
fortified milk« forless 1 year

old(n=8)"

Growing up for 449-312.6¢ 1222¢

overl year
old(n=14)¢

Adult(n=2) 15.5-256.5¢ 136¢
Whey fortified Infant formmla 291¢ 426 ¢
milk+ forless 1 year(n

=11)

Growing up for 21.4-2455¢ 116.5¢

over 1 yearold

(n=21)¢

Adult(n=7 ) 60.7-405¢ 2428«
Ordinary « Infant formmula 0-83.2¢ 57.9¢

forless 1 year

(n=5)

Growing up for 493-171.5¢ 108.4¢

over1 yearold

m=11)

Adult(n=10)¢ 493-417.7¢ 157.6¢
Fresh milk and milk in aseptic 03423¢ 143¢

package(n=20)"

McMullen(2005) kBl % % B2 & S pe® 2 £
96.2~1084.2 ppm > 7z 1084.2 ppm Ak @ hd &2
4:,9‘4E7?r‘(’ﬂ77)&'1§’#g B g
P ZEMET 268 ppm rﬂ—e?b"ﬂrr# Hd gk
feEEF o 2010 & £ WEFH Hord(2011) % 4 i~
aﬁmﬂbﬂﬁmﬁarﬁmﬁ“ﬂrﬁgk@
WHO #riz & #' pi @ 2 I /& % e ADI(Acceptable
Daily Intake )& - Hord % % m 5 # 5* ¢ LAl e
¢33 22 1.2mg/kg L A BESE - £ WHO
ERLT A ADL & 0.06 mg/kg cH 20 B o d 2
FABRGERRDRE SR LT FARE B L
Ao Hord # A 2@ lnd AR 2 A
FaB Gt e BT AT WHO e ADI f6 458
OEFE BT o

[l Lﬂ
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= ¥3 Encyclopedia of Dairy Sciences(2011)
TR AR ZE 1102 ppn v A g v

pAEm® T 1.950 ppm - € F # The Food
Residue Database (2000) F#l &+ 2 A @ 2

€ 5 ~ 120 ppm - Hardisson(1996)% # 7 ¢ 4p
B 2GRl AT i 382 ppm v FORE A
BRI EAE O EILFIAR r'r’hl fv Bt g&ﬁ‘l B E
¥ %40 o Elsa Reis Vasco(2011)#= 5 4 1§ § 7
BuosrApp® s Ei.0 7 230 ppm° Elsa Reis
VaSCO#;]:’!&F"’LF—-I‘f}fb"/ﬁr%ﬁﬁ’x zER &
230 ppm s e ¥ 3 B Y L B Za 3 0 JHEp

A A B @ h ADI X2 R M3 S FR g o
Gapper(200) £ Bl 2 &+ @l S/ e @ 2 & 6.4~
44.18 ppm > H ¢ AR Z £ 5 F LK EL G
v 44.18 ppm e

d B gpe 4 § L gg*ﬁ ,Fi‘;?hjpi};»
B RAEE e B GRBEY A o Rk
)[;Jw. FRDEFE RS A 77 AFONKB
2o EROT 4 f; #< - Food Protection Branch 7
Nrisinha P. Sen(1979)# 3 15 f&5“ij #9 # &iwi’
RA: TARABAIE FRARAIEEET
1760 ppm(28) Nrisinha P. Sen 5 o —,ﬂfélﬁ‘lma 7
ook A ERE S - AR TERY B R’
BV - A @B LUT cheese F@l A
& o Nrisinha P. Sen #%RIF|7 (B A ER Z &
FUi R b ALY v gt > T2 W b L *En i
NI A S ikt &% il R B PR
ki mLw o 3 s 2% > Nrisinha P.
Sen EHBEFH M T ARBEL NG & F o Fhili R
BAHRBBER Db PR G s o PRt
é{)‘f’l}ql‘/ﬁ_}g ‘]l”l"‘ % ’/] de4c @ F F F T AR
2 A% 8§ SR * o Claudia P. Oliveira(1995) % 4 1
FyRp 23] Bk AR KR LA

L E iﬂ».zzthi}w/i BRIl edh 49
~ 1250 ppm, % f}‘ o b oA pge i
7.2~102 ppm~ 60% A LT AEBEZE 1.1 ~ 4.6

mg/kg - Claudia P. Oliveira % + iy &1 d g i
cheese 42 6T fe B 2 LA B T 255 &
8P F AU Bed HT R Bk 'k &0t cheese
r_g o

“,$ e ;Fiﬁw' ﬁﬂﬁﬂ’ﬁﬁaﬁi—’é E AR b G gl
ZE ﬁ]_ 4[)“{“1’9&;‘ F%/F\IEE\«“E‘_J giéﬁf%t
M Ope B oen g £ +‘1 ¥ & +~ {1 & ¢ Cristiana
Merusi(2010) % ~+ 7= 7 E# 5973 4.9~6.6 mg/kg =
Mmog o ® > d a8 % 428 % EF B
(fructooligosaccharides,FOS) 2 % # (inulin) X 3
10~72 mg/kg shAl @ - e pA BB R
417. Tppm #3445 % > FiF oo g B G

Bq @ EXAHL01£9?

10.8 g/100g > ¥ &4z £ 5 2.0 g/100g; /' pe %
z 8 405.3 ppm hx Ak g E sk e £
6.3g/100g > s+ #+ » 5 - Wpe @ 7 £ 338.6 ppm
P AR SR T 42.3g/100g o T 5 FUaE R
ke WAL D kR 77 BERSD
Eﬂ'ﬁi v BRI REDHEKR o SRR

A AR BAZE Y 200 ppm iE R0 ¥
F%ngﬁ*}?"’k’% rr%'m? %1‘)‘%—7 ’rﬁﬁ’i]ﬁ’x_w_P At
R U AP S R R RSl B
Tt

Archer(2002) =% 3 4p AV L B 2 L AL B R

TR ARG AR AR AREFEET L
AERE G RF Tk > T LS i o T IR
AR inlmp o feldif 27 LA AL B A bR
BT H Y m AR E 3 NS R
(Yersinia enterocolitica) » % % ¥ * < % [
(Salmonella Enteritidis) - Shigella sonnei
7’ ~ %1 & 0157 (Escherichia coli 0157 ) °
Butler(2008) % + % # erF g 4p A B B 2 LA AL
iﬁ”&ffé”'g“‘fﬁﬁam}%‘? o Glde T AR f 3
& F RSk o AR A (amyl nitrite) 2
TARBHPT VRG ke TR &3 A B
A ERT LT KB E R B Rk
# (Pseudomonas bacteria ) CA RS hd 8
AP EEH FRGA R A oo TOUE i/p)%,“rﬁ
A F 8 7o s PR s AR T &
7F¢ 33 27; 10%F¥ fadm o Kevil(2011)% A =
TARNEAEBAL - I § A e LRI G
(ischemia-reperfusion) - % if # *% 2 5 (peripheral
arterial disease) > 4 7 3] = & ¥} A T (sickle cell
disease) > % = /B (hypertension) - % 3 i /&
(pulmonary hypertension) > %4 = ? & % (cerebral
vasospasm) o 4k @it E 4 f W ﬂgf );g} 2 (cystic
fibrosis and biofilm infection) > % & ¥ % & J
(hypercholesterolemia) - % 7 (gastric ulcer) » # ¥ |+
% i & s (inflammatory bowel disease) % 7 5 & § %
3 o
FE k% FpES
FEE G A 3@14 i ehdE v
T fE lbm%\x\gﬁ za’gﬁdﬁg
3

—

i g
g 7% - *ﬂfé)%’ﬁ
Pl RO S Al
ﬁa LTRGBS - § 0§ 5 B T
PSSR R iR TR 2wl - g
£ - Bartsch(1988) % + == 3 #ﬂ MEEFE KRS
o b Co i b B2 SEEL EF T b
i I A g v £ 4 (N-nitroso compounds) s & o S,
Y. Lee(2006) % * 45 1 & 4= ¢ ¢2 flavanols ¢ I # i
IR E T Tz A ¥ (N-nitrosamine) ¢ 4
X AT LA A PR e Rl T oo
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Milkowski(2010) % + # % 45 ¢
‘ﬁ %’PW Y il P A A G 1‘;%
E F‘#‘“']fr):ad*'\/ﬁ L g H
irac] /E’J]ﬁ’xﬁ/\ﬂvﬂl‘“'] i
EH /p; pe ® F P 3 #r ] Listeria, E. coli,
Staphylococcus aureus, % Bacillus cereus % Ffa 2
feavcdk o HEBE TABRBM Y 2EFER NO o
ERPRER PYrd > E - F M AR
EFEEHG O FIAHNES Y IR TR
IR G R EATIEG o B A E AN B
SR LABmBAEL - § O F R - AR
FEIRre o BT NELUBES L 2% - PR
(phase 1)l o

Sindelar(2012) #% | A if * »v Az 7 &7
T %7 850,000 ppm mﬁdﬁ/xéﬁ’ » v £ % ® FDA

PN - “;‘a/z RAge o Sindelar dp 143 I AL
BN EEz 4 KJQQﬂmiI“'xt’*.QF{/F»&gF&

\ *

My o P REREFRE O YA EE -
AR RARBE LTARB AL PG ;immw J
i%l&f%&i’]ﬁ/xﬁi J“/Edf&ﬁrﬂ:}%?xpﬁ 7":?’75\’%
B

. A&7 441002 287 &2 2 s e ip] >
PRI AT E B RRA BB TR ﬁ
B % B f& B2 0.3~417.7 ppm > T E A
92.7 ppm > A L AVEEE Y LT PR o § A0
FUdev ] At Huﬂwﬂﬂ fem Lo 5141
ppm> F A F F-w AN A S O A g w T
398 5 122.2 ppm > Z A5 E-d che A ksl R
BT 3oE 5136 ppm o RS F T AF R A
- R el b A

2. EARRBINA ST LA BALZETE 200 ppmiz
Ro L d gd R 4 T E ot B ¥ AALE
WHO/FAQ#£ & crml e ADI & » F]pt > S 47 &
*%iw%ﬂmﬁﬁrwm FRE e 5

N

3. WP pAMBULHBBOIS G WA R

B g g o Pul LR Ee g e
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1R EH? PREREDAE ﬁl*ﬁd*m%@*
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