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A comparative study on the amino nitrogen values determined by the Van Slyke method, Sorensen method,
and ninhydrin colorimetric method

Ken OKAMOTO*, Ayako MATSUSIMA*, Tomoki OTA* and Tetsuya AKASAKI*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

As a result of a recovery test of amino nitrogen (AN) for standard amino acids, it was found that the Van Slyke method

tended to reflect the total number of amino groups in one amino acid molecule, whereas the ninhydrin colorimetric method

seemed to yield the number of a-amino nitrogen groups. The Sorensen (formol titration) method generally gave lower AN

recoveries than the other two methods. A comparative study on the AN of several protein hydrolysates, determined by the

above three methods, clarified that the Van Slyke method always provided the highest values. For example, for yeast peptones

(10 samples), the relative AN values to the Van Slyke AN values, provided by the ninhydrin colorimetric method and the

Sorensen method, were in the ranges of 81% to 99% and 66% to 84%, respectively; in the case of casein peptones (four

samples), their relative AN values were in the ranges of 88% to 99% and 64% to 89%, respectively. When the amino acid

compositions between enzymatic hydrolysates (including autolysates) and acid hydrolysates were compared, different free

amino acid compositions were observed even for the same protein origins because of their different hydrolysis mechanisms. In

the case of enzymatic hydrolysates (including autolysates), the difference of the AN values between the Van Slyke method and

the Sorensen method tended to be larger.
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Scheme 1 Reaction formula of Van Slyke Method
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Scheme 2 Reaction formula of formol titration (Sorensen Method)
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Scheme 3  Reaction formula of ninhydrin colorimetric method

s o o
R COOH
OH
2©[§<OH R N:m + COp+ R-CHO + 3H,0
NH,

o o o

AR T, 7THREE (B 20 RIK) DT XS EIKSy
fIC ST, BUYTIE (S X5 A 71K), Sorensen 159 (R UVK
Bt F B U o AEFERE Lz /VE— Wi EE) & O Abernathy
LIDYR=E R ALY AN ZREL, Zhb0OE
BEDO R 21T > 7= DTG+ 5,

Fio, BRBHIOW T OWERET X/ BRI & %4 Z RN
IR L T2 b DD T X BRkipit & & ik U, S TRICER
VT DI FEIFEDE N L D AN ERE~DOFBEIZONTHE

2L,
2. £ B

21

TARGEL—KFMW, TANGR U, TI=2, TAF¥=
voAYaL Yy ANSF U, SV vy S I U
FRrUYA BYY, Fuy, FUFRTrr. hLAt=1,
NRYV BRAFVU, Tz T o=y Tal) AFF=1
Yy (FesiZk) . 72 v (AARBYLFEIER) . AT U3

Fetl GRbk), vA > (FhIA4TR7)

To AE S BIRSRY) (RS © 16 fiik

HEA LT v, REXT by, AT v, EF9F 07
ko (Reftise)

T E BRSO FRLS (A 2 fiR

2.2
221

ARERR T R U D A BEE (FROEHEEE)
222

FNVAT T E RIR (37%) . KEE{L/NY w7 A 0.1 N KERbT
FU A (Ftitizk)
2.2.3

=re RNV, =F L7 a—n, Bl KB hY oA
(FYERtise) .tk (1) —KFd (BEE(ES)
224

6 N ik, 7 3/ BRIRAEER H &L (2.5 pmol/iml) | 3B R A
7B MY U LNEER (pH2.2)  (FRHise)

231
73/ EEFABOVEF : SUMIGRAPH N-350 (fE{bo#rt
A=)

FOREA: - JRE 45°C, 77 Al 120°C, fiti#s TCD
232

TS B ELEE  AT-420WIN CGR#EF T3)

TR HET T AEMC-171 (RHEF T3)

233
RO - IR YEREERE - UV-2550 (R ERT)
234

2HENT 2 BN - ILC-500/V2 (HAEF)
OYBIESRT:  REYEIMK YRR T X BT — N

2.4
241
(SUMIGRAPH N-350ff st B fE VW FREL L
7=.)
BOYMERETAR - ZREE7K 40 ml & iR 60 ml Z R4 L. 10 MK
DL U QIR PR E & PHRRREIC LT LT,
40%HEREIE T N U U AR - diAEIRT U U A 409 B ED B
V. ZREK 60 ml ZNA. RS, 1R LERE L CHEAE
TR PHRIBIZ LT B EM Lz,

AFF =% 2663 g % 250 ml A A AT T A2 ZIEREI &
Y ZBKCTERL, ZTHEIEMERK L L7 (£ 100 mgN/100
ml), Z OFEAERE 10, 25, 50, 75 ml ZZH2H 100 ml 78 A
AT FADERY . KK CTER LI bOEEERE Lz,

AR (AN & LT 50mg 25 A 55) % 100ml A A~



BB

o
d\

SHTET

4

F A ZIERRICE D HLY | KB CER LTz b DA RERAIK &
L7,
AN

2 E TR K OV D2 84 100 pl & IEREIC 7 3/ RE%E 3%
HESHEHIBEA L, RISIC LV EUEET A2 HE L, AN
BLERETAOE—7 WREEOEE» SREREZER L, &)
BHARIZ DWW T FEBRICHEIE U, B L7 & B L2
FHAADE—7 WIEE D AN EHEEZFH Lz,

2.4.2 Sorensen ¥

HPERL AT VT R - AL LAT AT Rz 0.1 N Kk
{7 b U 7 AV C pHB.A ITHHFE LT,

0.2 N /K b U 7 SRR - KER{L N U & . 8 KFNW) 36 g &
AR IL ICEM S, A (No2) TABLH, BEEHLT
BRIF L7,

0.2 N KEB(L N U & AEIERO IEOREE © 0.1 N HREHER
60 ml 277 AERY, T ) —NTH VLA UEFRREL L
TMA., KEEILANY U ARREF T L, SkEaz 2L 25
R L Ui, ML, KBRS Y & AR FREE VR L
7=

K72 BERES (AN & LTHI80 mg 2569 58 &IE
TRICEREL L, Z8B/KICIRfiRSE7-14, 200 ml IZER L, (7
ARGRUE, VAFL, Tz AT 5=y, Fur, Y
ThT7o, TARTX TAHZ I 425V, 0.05N
1% 20 ml (TR S 7=, ZRBKCER LT)

72 BISROBATX. FREN 20 ml R — L ENy BT
200 Ml EDE—H —ZHI L, ZAEK 60 ml 20z, #HEOL
AIXAN ELTKR8 mg 25 A T 5E%, 200 ml FOE—T—
WCIEREICE Y BLY . 7887k 80 ml 2Nz CIRfESHT-, Z O
Wh~ 72Ty I A8 —F—CHIR LN D, BAZEBBNEE
i & AT 0.2 NKERE/NY w7 AFRIRC pH8.4 IZFFE LT,
WICHPEAR L LT VT e R 40 ml 2%, 150 BRERG &6
7otk EALZEHEBNEEREE A AV T 0.2 N KER{E Y » LRI
%, pHBAIZ/ A ETH F L, 2D FEEFE LT,

AN
AN EHEIE L, TRV LT VT e RiEZMNZ %D 02N
KEEAL N Y & KERIR T E(m) 2SR L W RH L,
AN(%) =280 X 7l X i T & (ml),/ FRBHEE (M)
243 NaOH
Sorensen 150 0.2 N 7Kg/ U o AEEHRZ 0.L N KRk R U
LRI A THIE L, 3B AN SAEIAI, PidRL L7 L
Tk RREMATZ%D 0.1 N KER(LT b U 7 AU T #(ml)o>
SRR I W EH L,
AN (%) =140 X F7fi X 3~ B(ml) /FEHZ I E(mg)”
244

5)

=VERVVREAR : = R vdgic=F Lol

553 13

—/L 150 ml & 4 N FEfET R U w7 A58 (pH5.5) 50 ml 20 %
TR SH T,

=re FY UREBIR (k99 () 500mg (c=F L7
U a—v5ml &2z CAaf Sz,

=rb RY URIGEE B NIC= e RY VRIE AR E
=rk FU B IREZRES (AR :BiE=40:1) L7

7' K107 mg & IEREICE Y TRY . 27K T 100 ml IZ7E
WL, INEERERRE Lz, ZOEMEFER, S 2, 4, 6, 8,
10ml 8D | THZNFREAKTEO MNTER L2 b O &SR
L7,

KT I BAEHER TR (BT AN & LTI 48mg &
GHETLOE) A EMRICEVERY , ZARKT200mlZERL, &
BHEIRE Lz, (TARTFXUE, VAFV, 72207 7=
Y. Fuvr, NITRTry TANRTRY TR I
DUNVTIE, 0.05 N L 20 ml (2R S 7= IR E K E %2 T
ERLT,)

R, REHRR A OREAK (T 7)) iI2onTim &%
NEIEBIORBRE I Y . =2 & R VSR E 5 ml 24
BRI Uz, BRI R ¢ 30 RINEA L 724, B HIKE
L., BEKEHOTERENE SOMIZER LT, TD%, 45
ml OF 4 AR—HF T CEEE 10mm) (2L, JIEKE
570 nm DWW & 4844 - IR EIEEERHCIIE LTz, mEING
WECEERIE £ Tl 30 43 LINICAT -7 2,

AN

AL D AN JREE & Z OWLEEE O BIRA SRR 2 VR Lz,

Z OREAR & BB OWIEEE D B AN EHEIES Z R Uiz,

245

B (A EE LTRSS mg 258 T 58) KSR
FOOREIZEVTY , 6N 1ml 2%, B4R 7 TR
JE#IZHERE L, 110°C T 24 Refi ik 3 i LT, 20, i
R OFEHK & KK TS LN b T AR 7 Z 22l L, =
PSR =S = W CHREE R OV & R E R & S 714, Bk
W =i U U AREER (pH2.2) T20mlZERL, A
V7T 7 4 F— (045um) T, REHAR E Lz,

WEOBREIZ EVEY . REARA 7 =B b Y AR
W% (pH2.2) TEfRSE, 20ml IER L=, 2% 6000 rpm T
15 O BESR . D BELEA LT T T 44— (045
pm) (2L, RENAR E L,

T2 BRRAEER HEL (% 25 pmol/ml) % 1 mI£0 . &
BT 7 = U EF N U U AFREIR (pH2.2) T 25 mlH IZER L.
IR L UTe, BEEREOREBHRIRO T X ) MEH EE, 28
7 I MOVHEEHWTET 2 BHOSETHIEL., — A
MEICE Y, BREOT I B2 S LT,



14 N AT A 7k, Sorensen i (FRVE—/VEERE) LU=t RUVHEAETHOLND T 2 ) BEROTEEIMIZET 5 L7

3.1 AN

AT X BRIZHONWT, AVE—AEERE (Sorensen 15) K=
YERUVHEEIZED ERENRO AN ZEEL, £7 2 /8
DTDa—T I BHREIETHENEEZR ML L, o T
— BNV AT A 7 HEC L HEEROSCRE P2 mA b 0%
Table 11277 L7~

Table 1 Recovery of a-amino nitrogen from each amino acid,
determined by three different methods
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Table 2  Amino nitrogen values from various kinds of protein hydrolysates,
determined by four different methods (n=3)

Number of Nitrogen and carboxylic . . Content ratio of amino nitrogen, %
acid in %/Iolecule Y Recovery of a-Amino Nitrogen, % (Relative value with Van Slyke l\%lethod, %)
Amino i i Formol i . . Raw |Hydrolysis i Formol : Formol : . -
Acid | Total u-Amino: A?rmi ic| Van Slyke : Titration E-czllg]rri%dertlrri]c SAMPIE | by tein | treatment | Van Siyke ¢ Titration : Titration E—cglllc;]r?mrtlr?c
Nitrogen |Nitrogen Nitrogen acid Method | (Sorensen Method Method (Sorensen (NaOH Method
Method) Method) Method)
Gly 1 1 0 1 105 94 100 1 Yeast | autolysis 742 - 5.95(80) : 5.62(76) : 6.66 (90)
Ala 1 1 0 1 101 107 109 2 Yeast | autolysis 534 | 439(82) | 4.48(84) | 5.30(99)
Val 1 1 0 1 100 89 103 3 Yeast | autolysis 6.63 4.84(73) i 4.61(69) : 6.07(92)
Leu 1 1 0 1 97 90 105 4 Yeast | autolysis 6.9 4.84(70) - 5.39(78) - 6.24(90)
lle 1 1 0 1 102 88 104 5 Yeast | autolysis 4.97 3.80 (76) : 3.47(70) : 4.64(93)
Phe 1 1 0 1 97 73 95 6 Yeast | autolysis 5.12 4.12(80) | 415(81) | 4.82(94)
Tyr 1 1 0 1 86 77 97 7 Yeast | autolysis 2.95 214 (72) - 212 (72) : 2.88(98)
Trp 2 1 0 1 104 84 86 8 Yeast | autolysis 5.97 4.46 (75) £ 459 (77) & 5.6 (91)
His 3 1 0 1 101 50 101 9 Yeast | autolysis 3.04 1.91(63) : 2.02(66) : 2.47(81)
Ser 1 1 0 1 102 72 97 10 Yeast | autolysis 314 | 2.06(66) | 2.17(69) | 2.55(81)
Thr 1 1 0 1 105 68 93 11 Casein acid 563 ( 4.81(85) : 4.99(89) i 555(99)
Cys-Cys| 2 2 0 2 51 49 55 12 Casein | enzyme 5.84 453 (78) : 5.14(88) - 5.61(96)
Met 1 1 0 1 100 76 96 13 Casein | enzyme 3.93 2.28(58) : 2.63 (67) i 3.54(90)
Asn 2 1 1 1 100 56 97 14 Casein | enzyme 5.43 3.33(61) | 3.49(64) | 4.76 (88)
Gln 2 1 1 1 194 69 101 15 | Soybean acid 3.76 3.24 (86) - 3.24(86) : 3.69(98)
Asp 1 1 0 2 101 92 93 16 | Soybean | enzyme 3.06 1.95(64) £ 2.08(68) i 3.03(99)
Glu 1 1 0 2 100 86 94 17 Meat | enzyme 3.62 2.36 (65) - 2.37(65) : 3.37(93)
Lys 2 1 1 1 199 170 109 18 Gelatin | enzyme 2.76 1.62(59) | 156 (57) | 2.57(93)
Orn 2 1 1 1 204 146 120 Chicken
Arg 2 I 1 1 100 62 %9 19 egg yolk enzyme 3.05 1.36 (45) i 1.39(46) : 2.69(88)
Pro 1 0 0 1 0 | 6 | 8 20 | [Tuna - 171 | 114(67) | 1.09(63) | 1.52(89)
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Table 3 Total amino acid and free amino acid compositions of 20 protein hydrolysates
Raw Hydrolysis Amino acid composition, %
sample .

material | treatment Asp Thr Ser Glu Gly Ala Cys Val Met lle Leu Tyr Phe His Lys Arg Pro
Total 8.0 49 60 164 85 145 04 74 14 52 70 11 32 2.0 72 11 57

1 Yeast autolysis - - - -
Free 31 65 65 140 62 189 12 90 19 57 92 09 42 22 69 00 38
. Total 95 48 59 135 85 115 05 70 15 52 72 2.7 35 21 6.3 38 6.6

2 Yeast autolysis - - - -
Free 6.2 64 70 95 7.0 140 04 79 17 57 94 38 4.8 29 4.7 38 49
i Total 9.7 54 61 179 81 108 05 7.0 12 48 74 16 3.6 2.0 7.0 41 2.7

3 Yeast autolysis - - - -
Free 53 73 73 169 6.2 135 04 78 00 55 101 17 51 27 47 34 21
. Total 103 51 66 115 89 123 07 75 15 53 75 28 35 20 7.0 12 6.5

4 Yeast autolysis - - - -
Free 58 73 74 67 65 160 05 93 19 63 100 38 51 28 60 00 46
. Total 104 50 60 152 79 123 05 59 13 47 7.1 26 33 19 6.5 4.1 53

5 Yeast autolysis - - - -
Free 71 55 41 147 33 161 06 88 21 58 95 35 57 4.7 31 3.0 2.3
. Total 103 50 61 150 87 107 05 67 20 41 69 25 34 22 65 37 59

6 Yeast autolysis - - - -
Free 60 72 74 100 75 138 00 80 19 54 90 31 47 30 49 37 44
. Total 107 48 55 176 116 111 06 6.3 13 44 67 2.0 3.4 21 7.3 33 1.6

7 Yeast autolysis - - - -
Free 51 13 02 287 19 171 29 63 16 33 71 4.7 7.6 55 4.7 19 0.0
. Total 89 51 59 164 80 130 05 66 13 49 70 24 33 20 64 34 51

8 Yeast autolysis . : : :
Free 41 52 55 164 47 182 05 79 18 53 87 32 50 35 40 2.7 33
. Total 52 26 32 394 178 159 22 30 06 14 17 05 10 10 22 24 00

9 Yeast autolysis - - - -
Free 18 21 20 544 21 239 11 29 02 08 15 03 10 0.7 0.9 33 09
. Total 51 27 36 382 167 196 16 23 00 13 19 05 1.0 1.0 24 2.2 0.0

10 Yeast autolysis . : : :
Free 1.7 22 24 483 17 292 10 26 03 09 15 0.5 11 0.8 1.0 29 1.9
. . Total 67 40 59 204 34 51 00 68 24 48 87 15 33 21 6.9 26 155

11 Casein acid - - - -
Free 92 42 75 224 43 61 00 52 25 32 80 06 35 34 67 25 110
. Total 72 48 70 208 35 48 02 83 26 40 86 10 37 24 70 28 116

12 Casein enzyme - - - -
Free 29 66 6.0 9.3 18 6.2 05 85 39 62 163 05 75 35 122 56 25
. Total 6.4 45 69 193 34 51 02 64 26 45 88 21 3.9 24 6.9 2.8 13.9

13 Casein enzyme - - - -
Free 12 28 36 44 11 48 14 60 32 32 187 15 126 67 178 111 00
. Total 65 46 73 199 34 46 02 66 26 51 87 20 39 25 69 28 126

14 Casein enzyme - - - -
Free 0.0 91 39 15 04 34 07 83 45 67 189 17 109 6.7 15.3 79 0.0
15 Soy id Total 144 39 65 210 79 8.7 01 46 07 30 57 13 15 14 58 54 8.1

aci - - -
bean Free 167 40 68 197 89 102 00 37 07 23 58 13 17 16 54 54 59
Soy Total 120 45 66 195 88 62 08 44 14 33 72 26 35 21 55 59 55

16 enzyme - - - -
bean Free 34 58 86 60 130 74 09 16 10 00 143 33 41 76 92 137 00
Total 5.8 25 40 100 340 109 02 30 09 15 34 0.4 16 0.9 3.6 55 12.0

17 Meat enzyme - - - -
Free 37 39 42 78 91 105 05 68 19 63 84 15 59 34 95 165 00
i Total 54 20 40 83 387 118 01 24 09 10 26 04 14 08 30 55 120

18 Gelatin enzyme - - - -
Free 37 05 08 00 28 00 21 00 13 98 51 22 103 50 171 392 00
19 Chicken Total 100 57 88 121 63 89 10 66 21 45 89 34 34 21 6.9 46 50

enzyme - - - -
egg yolk Y Free 5.6 47 85 133 16 32 29 43 13 23 62 6.1 79 255 68 0.0 0.0
20 Tuna Total 48 30 41 83 284 114 00 25 15 14 29 0.6 14 9.3 3.6 44 12.3
extract Free 19 09 23 40 30 76 03 28 14 00 36 18 23 618 45 16 00

For each sample, the total amino acid composition is shown in the upper line, and the free amino acid composition are shown in the lower line.
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Table4 The theoretical recovery of a-amino nitrogen from 20 protein
hydrolysate, determined by three different methods

Theoretical recovery of a-Amino
Nitrogen, %
Raw Hydrolysis Formol . -
sample | by otein tr);athnt VanSlyke | Titration ; Ninhydrin
colorimetric
Method (Sorensen Method
Method)
1 Yeast autolysis 103 92 97
2 Yeast autolysis 100 88 96
3 Yeast autolysis 103 89 98
4 Yeast autolysis 101 90 96
5 Yeast autolysis 100 87 98
6 Yeast autolysis 101 89 96
7 Yeast autolysis 101 88 97
8 Yeast autolysis 100 89 97
9 Yeast autolysis 99 89 97
10 Yeast autolysis 99 90 97
11 Casein acid % | 8 | 8
12 Casein enzyme 109 92 98
13 Casein enzyme 116 94 100
14 Casein enzyme 114 92 101
15 Soybean acid 100 90 94
16 Soybean enzyme 109 87 100
17 Meat enzyme 109 90 101
18 Gelatin enzyme 115 86 99
19 Ch'%elrll €99 | enzyme 103 78 9%
20 | Tuna extract - 105 68 101
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Table 5 Comparison of the amino nitrogen values of prepared protein
hydrolysate determined by three different methods (n=3)

Content ratio of amino nitrogen, %
(Relative value with Van Slyke Method, %)
¢ Formol : Formol :

sample Component Van Slyke : Titration : Titration Ecgligrri]ﬁrtir?c
Method - (Sorensen : (NaOH Method

Method) - Method)

21 | Yeast extract, Dextrin 1.80 1.15(64) : 1.20 (67) :1.85(103)

Yeast extract, Dextrin,
22 Sodium chloride 2.30 1.35(59) | 1.44 (63) : 2.24(98)
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