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Determination of 8-Nicotinamide Mononucleotide and Its Analogues in Milk Powder
HE Minheng, LUO Weigian®, CHEN Yuying, WU Ziling, HE Wanyou
(Guangzhou Inspection Testing and Certification Group Co., Ltd., Guangzhou 511400, Guangdong, China)

Abstract: A method for determining B-nicotinamide mononucleotide and its analogues in milk powder was es-
tablished based on high performance liquid chromatography (HPLC). The sample was dissolved in deionized
water, and 45 mL acetic acid was added for protein precipitation. The extract was then passed through a C18
solid-phase exiraction cartridge. Gradient elution was carried out in the Venusil HILIC column with ultrapure
water, acetonitrile, and 0.1% trifluoroacetic acid and the compounds were detected by a photo-diode array de-
tector. The results showed that the correlation coefficients (R?) of B-nicotinamide mononucleotide and its ana-
logues ranged from 0.999 1 to 0.999 7 within the linear range. The method detection limits (MDLs) and
method quantification limits (MQLs) were 0.030 8-0.635 0 mg/kg and 0.102-2.120 mg/kg, respectively. The
recovery of the compounds varied within the range of 80.4%-101.7%, and the intra-day precision (RSD) (n=
6) of the established method was within the range of 1.22%-8.20%. This method is not only simple and cost-ef-
fective but also enjoys excellent precision, recovery, and reproducibility. Therefore, it is suitable for determin-
ing B-nicotinamide mononucleotide and its analogues in milk powder.
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NMN ) J2: 4Rk iz iR 182 1% — 4% R (nicotinamide adenine
dinucleotide, NAD) % HiJ {4 , £ 14 Py AT 45 400 5k e A2 A
(nicotinamide riboside, NR) #5745 Jy NAD*, 5 48 ifg Fi1 4=
P o 2 SRR OGN, BIFSE R, AR
5HARPN NAD KV PIAROC , B A I i3 m , AR
N NAD* /KP4 B, XA NAD & B 1 FE--
B F T 0 e 2 0 T O 823 B A D (Bl 7 ¢ T 38K
) B A . AR 2 Ay (R R
#hFEB! iz B0 ) B S R N NAD i, B4 O 22 i
WA BT , 3 2 Kl NAD Al 8 52 DNA $i6 .i4
HLRLIR DI RE U5 AL F 0S5 Ty U R PR ),
PRI, NAD* BN Ry 2 Bt o 2 n Y 7E #E A, HE L
Pk e 5 W52 04 — 4% 14F R (niacinamide guanine dinucleo-
tide, NGD) | 8 Pt 1% ¥ 2 BE WS — 4% R (nicotinamide
hypoxanthine dinucleotide , NADH) . # 2% ¥4 1 iR (fla-
vin mononucleotide , FMN) | 8% 2% it 122 1% — 4% 7 2 (fla-
vin adenine dinucleotide, FAD) E.H 5 NAD*AH 2L 19 14
BT AEP U TR AR ) BA AL VE o

SEBR B ONMN AR T A& AR AR B A, vl
WAL AR I SRR A A P A E S R AR LG, H
HEARLUEBES 2 H Y. 2020 42 3 J], HA
JEA 57 SN AEHEUE T NMN 76 5 AR 7 o i 4, A
ol 7R K. HET, T EA & NMN T
PEY B R Z LUIShRE & s e & R H il
AR i W 5% R WG £ 4 78 NMN A 8 T sk
NAD* 7K, 3177 4E 27 368 2 | A3 1 22 e o), fEL G T
NMN £ A1 5 A5 57 1 91 Bl b A< 30 Al 1) 22 4 e 1o A
AR IRBEFEI, NMN 7638 B I AR RG24 5 T
RE D B S ISR AT £ R T, B NMN AN g
VER B AT A P A28 AEXE T NAD AU E &
AN, BRTVIAR WLARGE o PR, X T A, O
AR DU E TR &R I RE & 5 th NMN K&
NAD*ZE B & 2 0 Wil A e Ry d e

H i, B NN O A 5T 32 24 Hh 7E NMN Al
NAD* {1 & i i #1213 T 280 43 43 Ariest DL K R
AFUGIS] R K i OV T T B BIEE R A B A
WA 5 s R 20, R e v e SR gl 2020 2%
HHRASE R AR S, BN B NMN XEE & PR R 5%
TOKABMERS TR DL R AR, IR T 20 e &
Dk rg T, Fe B 2= AR 1 5 NMN NAD* K H 2R
YR AH R ARE . H T NMN Bk 5 vk 254 &
A5 HL K R B A G 3 R 1R e Ol Tl B A
T) e SO A €835 1 202 R R T R ks 2018 Horp
1o AR €5, 35 V2 RV IR FH 2 phy T R A 1T B |
S, 35 A TR NMN ONAD* R SR & 2 1k
Mo R AE R AATTE FRAb FE A 2RI, R TERY
NMN 58AGE i FE T, A58 R H e A80OAE €435
L X RE T NMN  NAD* K HC 2 Bl A5 A6, 38 2ot

P Al Aty A BN €033 A5 4, T — b oRT [R] s A 2
NMN . NAD* X FZS Y 1) 2 SORA s i, LI b s
FEER AL W = S OB A RS

1 #R5HZ®
1.1 MRS

Wk B 5 B- AR Ik e BRLAZ A R (412 >99.7% ) « I
T 25 S SR B0 A PR w1 5 R IO B R DR — A% Y
PR s VA T (402 >99.0% ) AR Ik e 5 sy — B A R A
TV TR (41 =99.0% ) | JH IE G Uk B IR RS — A% 4T R br v
T (ZHFE>95.0%) B 2% B T PR bn fE VS W (46T >
95.0%) . & K ik W0 R A TR AR E TR TR (4l >
97.0%) : £ [F Sigma-Aldrich A7l ; Z B (4#>99.7%) |
LR (4liJE299.5%) . =R LR (415 >99.0% ) (¥4 k43
Mradi) 7 Ab 243500 T s FEE L G TN (3 0k £
20 {5 [E Merck 2] -
1.2 XE 53

2695/2998 W AH €0 3/ Wk A5 [ A A I 2% R S
(high performance liquid chromatography-photo-diode arra,
HPLC-PDA) \T3 43 #7# (4.6 mmx250 mm, 5 pm) : 35 [#
Waters 2y &) ; Venusil HILIC 43 #7#+ (4.6 mmX250 mm,
5 wm) : FEEEARR-CIHEAF ; AIEDHTH (Athena,
4.6 mmx250 mm, 3 pum) LS SR BB A A R
N F) 5 C18 43 B AL (Syncronis, 4.6 mmx250 mm, 5 wm) :
5 [E TR KA IR B 2N 7] MS3 basic TRTEIR A48 : 2 [F]
IKA A #] 3 Milli-Q 2585 7K & A= 4% : 22 E Millipore 24
7] ;C18 [EAHZEHUH (BOND HC-C18 SPE /M, 500 mg,
6 mL) & FE [ A 2 BUHE (BOND NH, SPE /M, 500 mg,
6 mL) \HLB [F|A1ZE Bt (Poly-Sery HLB Pro SPE /M,
500 mg,6 mL) MCX [EAHZE U (Poly-Sery MCX SPE /)]s
1,150 mg,6 mL) EE CNW 2 A 5 1F Tk 48 FLAL #E %
2 A ) KDC-400 38 350 HL : BB
Rt A RS | 5 A HLAHEF XSRS (13 mmx0.22 pm) : -
T SR F AL A AT BR A 7] 5 XS205DU HLF K (0.01
mg) : it AR R 20w
1.3 Jrik
1.3.1 A n ke

J LA FERE R NMN NAD* K HZR L) 70 55 i 5
Wil , B 4 FHAD AR T S AR BC i R BE A 50 mg/L /4 NMIN
NAD* K HAUMIFRUL R 5 5 il ] C18 ZArt: T3 43
HrAE V&I AE AT Venusil HILIC 4374 %7 H NMN
NAD* K HIS R AT o0 8, B AW o — 45 53 25 B e 1
f) AT AL I 0 o
1.3.2  FEHUARIM LR

R 75 BRI A 28 S e % NMIN U NAD*
A2, SR FH T HEARE o s i o =X, 3R
WA 10 pe/keg 51T, BB FK 10% CIEHH
50% L NEEW 10% BRI . 50% B 10% H
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BV TR A 50% Y WEFR O 0y H NMIN  NAD* B H 2k
LI EE ISR B 52
1.3.3  ZFRUNIN & (A

J L L TR N XS NMN  NAD* & H 2R 9 4
S, ARG 50 R HH B MR bR [ iy =X, R 5T s
TN 10 werkg T AERREUR TTINA 15.30.45.60.
75 pL L% NMN  NAD* K HZEAR) [ MR (1) 50
1.3.4 b Rk dt

Wk RE 2B IR R BREE 0 2R S 4T
YT AN A KA S T K il REXT R g6 45 5 e A
Yoz, it — 24 R ks v NMN  NAD* e 24
PRI e ERA I , TR R T2k, 5 €18
5L CHLB A1 MCX 4 F [ 4H 2 BUHE X NMN . NAD* )2
LA N [T SR A 5
1.3.5 St 2 Bkt BRI i

SRS T X B v B 4374 5.00.,10.0.,15.0.,
20.0.25.0.30.0 mg/L [ NMN . NAD* &% HE W W1iR A b5
WEVESTHEAT 23T , L NMN NAD* K HZE R S bR ies
TR VR X (mg/ L)X TIRR Y SN bt TAERNZR
1.3.6 7 H RS EE B

T WAIE TR R HERA P, XS RS () BEAT
50,100,300 mg/kg = KB IAR B K: (n=6) , %5
Tk H A&
1.3.7 FEAATALER

FREUIS R FE S 0.5 ¢ CRE A% 2] 0.01 mg) & 10 mL B
B M 2.50 mL 2585 T K 45 ul 1R , iR i
RAGHEBET/KERZE 5 mL, W€ 1 min LL7E 5042
I, T 1200 t/min F S0 2 min, C18 [EAHZE U 289%
435 6 mL R EEFT 6 mL /K HEATIG AL ) 5, B |
WA C18 A A A U  WAE R , 4 0.22 um JERE)S
FHF = R 3 AT
1.3.8  X#&MF

Venusil HILIC 73 874 5 i 34 1 mL/min, [ 3k
FERE N 10 WL, AT 25 °C, A BEBAS I 2% , 460 35
Ko 254 nm , B EEVEBE A4 L2 1.

F1 BERBSY

Table 1 Gradient elution procedure

WfEl/min  #Like 2% 0'176}72%?;22;&
0.00 18 57 25
2.00 18 57 25
5.00 15 50 35
28.00 5 25 70
28.10 18 57 25
40.00 18 57 25
1.4 Fdlaba

i H Origin Pro 2017 P TR AL 3

2 HBRE5HH
2.1 iSRS
FERAR GRS b, — e B C18 A3 Mk (T3 20k

FE M AE M Venusil HILIC 23 #4146 % H A #E 47
SE . R C18 A B B X T W M A g A M AL & 93
MM & AR T IE G REZHY 5, (B FAR
pH A | = K AH E A B8 9 sh AR i A2 PR 55 . T3 40 B A
FNEFE T A2 5 WL A s b A , R H
C18 43 MrkEAH b AT SR A AIK pH (K i /K AR i 321
(AFE B KM ZAE T B ANl 5 a5 AN Al Venusil
HILIC 43 #74E . Venusil HILIC 287 FE 2 —Fhd 4 ik
T i 325 A 1) €235 A , T £ B 0 s il 1k KA AL
A, 2% 3 NMN  NAD* K H 254 B Hrk k.
Sh s T KABXEE A AL 0 A, ELR AL B A
e BN TR VAU YE & 0, SR 5 R A Venusil
HILIC 3B Ak %) NMN  NAD* A H 2 M 64700 85, e
BRI TS E WA 1 TR .
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1. NMN;2. NAD*;3. NGD*;4. FMN;5. NADH ;6. FAD.
Bl 1 NMN.NAD*FHELMiRE R R IEE
Fig.1 Chromatograms of NMN, NAD", and analogue standards
2.2 RBUAFIAILEFE
PRI R X NMN  NAD* Bz FE 28 [l i % 1) 52
M Al 2 7 o

100 MN I NAD NN NGD*
3 MN PZANADH FAD
i
90 :
s B
q N 5
< N 5 N N q
N N N N
S AN Bl \ \
XA H N N N
- HIIN N N N
80 HIINIH [IN N N
= HIIN N N N
= H[INIH [IN N N &
El B ((NTH | INTE | INT e ||NPH i
HINLH | INIH | INIB | INA H
A | INEH | INBH | INLE | INH P
H IINH | INFH | N | INH /a
70
A |INH |INH | INA | INA /z
H N N/ N NAH H
HIINH | INH | INH | INH r
HIINH | INH | INH | INA H
HIINH | INH | INA || N H
H H | INH N | INAH | INH 7
% 7 H NH H A
o0 \UNZH [INVH [INFH |INFH | INVH |INTH ||NFH

%

N N
B\l Tirle Mirle Tete Tyt e
PRI
B2 $REGAFIXT NMN.NAD* R H 204 Bl B 2R 59 #00
Fig.2 Effects of different extracts on the recovery of NMN,

%

NAD*, and analogues
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P L 2 T, Y B O R R TR A BILIK R
NMN NAD* S HZAL ) 1) DR I 2R FH 258 7K
FEEA [ 3 AT B B NMN NAD* K =264
FKVERE G T AR AR, RS I EAF
TER] REA R Tk v 8 1 BT L 2 0555 K 9 iy e
PE (BRI FEAR T NMN  NAD* K H2E W 1 42 U
R R R . I, AP 9T Fe 2 B 25 88 KA R
PRI
2.3 LFRUSINE A6 E

TEREML fr il 0.5 g 2B BRBUR 5 mL 514
T, RN IR 5 A4 T IO TE AR B 5 M)
ZER K 3 Fs .

3 AEZEBAMEFERIINE
Fig.3 Appearance of the systems supplemented with different

amounts of acetic acid

& 3 AT, SR R R U I R R R R AN A
I — I ZL P VRCRAS T S AR R R A3 TR I 15.30.45.
60.75 pL LRI, 1A Z N 8 1T 2 05 45 4 TR
DUUE , 48 B0 i v 345 6 T 35 W B 4R BBO , 3 mT g [A
IR A AR TR R Y pH A, 2 11 BT 43 (8] Y
e HLep A TR R AR DUHE B MR RSN B, M 2
BRI N A 15~75 L B, AN [R] £ BR WS it 6 28 1 o 1Y)
VIR TC B 2257 .

hy it — A 25 5% L TR N X NMN U NAD* K H 2k
L BE ), SR FH B AR b s IR fie %) =X, R 9E 7R U
TEh 10 pe/kg 5540 T, ZERES I X NMN (NAD* %
Y ISR A sZ R, 25 Rk 4 PR .

& 4 AT, Bl AR RS N A3 I, NMN \NAD*
KA EICR Bk S5 ETHE TR, M 2
TR A 45 pl i), NMN NAD* K HZAB 19 kg [0
ISR AR 5, 33X AT RS PR R X SRRV N A 45 pL B
SRc P30 B A R A A5 A, DR RO B, WO a2 RN
T 45 pl.

2.4 b SRR

AN [a] [ AH 25 BURE XF NMN  NAD* Kz H 2S84 0] )i
RINFE S RN E 5 FR .

i & 5 AT, SR & 5L CHLB Al MCX 3 R [ A%
WO X R S HEAT VAR, NMN  NAD* &2 254814 1Y [l

110

100}
N
B g0l
= 9
E
80
—®—NMN —@— NAD" —A—NGD*
—-¥ FMN —»— NADH —O—FAD
70— s s s .
15 30 45 60 75
LIRS/ L

4 ZEFMEXT NMN.NAD* R H 204 B 1 2 A9 %
Fig.4 Effects of different volumes of acetic acid on the recovery of
NMN, NAD*, and analogues

CINADT N NGD*

100 NADH E=FAD

801

60 [

IR %

5 A REEHEZFEEEIT NMNNAD* K H 2004 B 2= /9 2200
Fig.5 Effects of different solid-phase extraction cartridges on the
recovery of NMN, NAD*, and analogues

WCRIAE T C18 AR BUR: , 13 ] R 2 R ok 22 3 [ 41
FEUHE AT MCX [ AH A€ BURE 23 591 & 5 553 BH 25 1 Fn s BH
BT A 7E 2 BRI Ry 2% A W] B, T BE XS NMIN
NAD* K H A7 — 2 AW B, DRk el e R 451K
i HLB [ A A8 BUR: & — il 2 7K — 25 )18 - i S5 R 8%
TR BRFARE g v f R A 2 S5 AT 3 381 B3 2 4 3w AR
PEYY 5 03 H BT NMN . NAD* & HC 2 4 th 2
B B B R I A A AT E S5 1 2 R — )
I o 717 5 5 [ e R A . €18 [ A A6 BURE #9202
— il e L R e Al B A O AN R DU e g e, 3
B4 2= TR K PR AL B, Ak R i RE S 2% 0, i
NMN NAD* K HRE W JE T g Kb &9, 76 C18
AHAE UM 1 LT AN 8 W B, DR, 7 S B0 Bk 2% ) [
1 BB S BLARE = 1) DS

K% C18 [EAHAE PR ik 5 4 C18 [ AH 2% B
HAb I 1% E UL 6.

H1 &l 6 RN, Ak O RE 7 S DA [B] R 4~5 min
(A% RS AR 48 C18 [ AH K BURE ¥ Ak I R i A8 B I U
A UL C18 A A B PR AU R, L5 A% &,
AR R ] C 18 [EAH AL BURE G Ry B S kA 144k
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(a) 0.04- F 2 NMN.NAD*KRHEUMLEMFIZ ABXRE AL H RN
EEMR
0.03 4 Table 2 Linear equations, correlation coefficients (R2), MDLs,
and LOQs of NMN, NAD*, and analogues
g 0.02
= i St P T
0.01 S Moy ERY Ltk ;F&(R;; IR, ERR/
_J ‘1 h s 6 (mg/L) (mg/kg) (mg/kg)
01 NMN  5~30 Y=116.30X-95.00 0.9996 0.3800 1.270
0 ]-0 2-0 3-0 NAD*  5~30 Y=71.52X-68.29 09997 0.1980  0.660
NGD*  5~30  Y=57.87X-117.30 0.9991 0.3910 1.300
{4 B 15 8] /min
FMN 5~30 ¥=98.82X-47.40 09993 0.0308 0.102
(b) 0.04- NADH  5-~30 Y=71.30X+61.11 09991 0.6350 2.120
FAD 5~30  Y=108.65X-27.12 0.9996 0.1570 0.525
0.03 1
=3 AEEHABEE
Z .02 - isi
= Table 3 Intra-day precision
LE
0.01 1 2 - 50 mg/kg 100 mg/kg 300 mg/kg
P 6
WY : L/ il il
0+ /9, RSD/% 1%, RSD/% /%, RSD/%
0 10 20 30 NMN 984 311 101.7 151 1012 132
P B8 B[] /min
NAD* 90.2 7.14 94.6 1.22 97.1 1.70
(a) K% C18 EAMHAEBAL AL FE ; (b) 24 C18 [EAHZE U AL 3 NGD' 812 753 23.9 3.99 28.0 3.89
1. NMN;2. NAD*;3. NGD*;4. FMN ;5. NADH ;6. FAD,
FMN 80.4 6.38 84.6 4.69 95.3 3.22
E 6 e C18 EHEERAAESRE C18 EEENELIEN NADH  80.9 513 Q3.1 444 90.8 260
NMN,NAD* & H &4 & & E
FAD 88.7 8.20 84.5 3.21 93.9 3.38

Fig.6 Chromatograms of NMN, NAD*, and analogues in milk

powder before and after purification by C18 cartridges

2.5 ERMESCHR LA R

AAEIT R M OC R A 7 A H PR (method detec-
tion limits, MDLs) (S/N=3) M 7€ 1 PR (method quantifica-
tion limits, MQLs ) (S/N=10) 14 2 flf /1% .

2% 2 AT AHOC R BN 0.999 1~0.999 7, 2k 1 ¢
Z R4, ERHRN 0.030 8~0.635 0 mg/kg, & &
4 0.102~2.120 mg/kg.
2.6 ik HWKEERE

T3 H RS %5 B2 RT3 B2 ARG B 1 Ji 22 (relative
standard deviation, RSD ) %55 L3 3,

fH 2 3 A0, NMN  NAD* & H 2K U9 19 S 15 [l i
%4 80.4%~101.7%, H RS RSD 4 1.22%~8.20%,
HHULE ARG DN 7 i e v s s RS % AT, T
Tk s NMN  NAD* B AR g pRss Az
2.7 SEBRER S I A5 5T

KA T BT 8 7 FAS [ FR 2 A 0ok 4 7 Az
SR, A RS 1 5 30 4 2 by LB T Ry AR
BLLEC Wk 4 LBC T 0k L 8 A L R A
W AR Wk v, SR AN HY NMN  \NAD* K H 2510
Wy, X RTINS, AR £ 100 me/kg, He ISR
L3k 4,

x4 TETHE NMN NADF E ZE00 449 @ g =
Table 4 Recovery of NMN, NAD*, and analogues in different milk powder products

oy UK I3/ %
(mghkg) @Ay BILEDTU  BORBILEDT  WJLEDTI  JLEDE Zaunly e AEROr ik

NMN 100 87.2 97.8 91.4 95.4 84.8 87.4 91.9
NAD* 100 87.3 102.0 105.0 90.5 97.6 89.5 82.7

NGD* 100 90.2 99.3 94.1 101.0 97.9 84.5 81.3

FMN 100 81.4 84.1 89.6 85.4 81.2 81.1 95.5
NADH 100 85.6 80.9 82.0 81.1 81.8 82.7 86.9

FAD 100 83.3 85.0 83.5 81.4 87.6 80.7 80.1
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2% 4 ATS0, FE AR R 100 me/kg BS54 F , 3%
ARy ELEC T O RS LEC T 5k (4l )L
e 7 Wby JLEE WSy 2 G0 5 3 A0 v 2 AF T 5 W A v
NMN NAD* K HZAL ) [ETRCE 53930k 81.49%~90.2% |
80.9%~102.0% .82.0%~105.0%.81.1%~101.0% .81.2%~
97.9% .80.7%~89.5% H1 80.1%~95.5% , i3 B 7= J5 ¥ 3
JHFAGI T 785 o NMN  NAD* Rz =258

3 it

AR SCHESE T —Fp PR I E Wkt NMN L NAD* &
HAW Y &2 W m R s bk iR L1
RIEWUG , TN 45 mL LR VAVTTE B T, 48 C18 [#
HH A& M B 25 FF 5 b 9 B8 B 4% ) L R Venusil
HILIC 73 At X} 6 B H AR A7 53 25 , A BRI K
W8 PEAT AT o 2R Ty v K B R e PR AR,
LM B R %% B RN R CR R IG 2 HR R BT R o )
F, X6 T T b AN [ 2R B 8 5y R AT AR A N 25 SRk
Y, R4 th Y R A H NMIN NAD* K AW, e
FriE A 100 merkg BIZPET , HICE R 80.19%~105.0%,
ot BH ARG I T 32 o A M R 3 S ORI S Ry v
NMN  NAD* K HZEA Y 0 & &, o] 8 S e A ok ™=
i BRI AL A R S 2

B 30K -
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