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. A quantltatwe method for the ana.lysrs of ﬂ-hydroxybutync ac1d has been de-
veloped through the gas chromatography of its propyl ester. The ester. was formed by
reaction w1th BF —propanol and an. 1nternal standard,(acetophenone, was added to
the reaction mixture. The propyl ester and internal. standard. were extracted with
chloroform and. chromatographed 1sothermal.ly on . a. dlethylene glycol succinate
column Inasmuch as. ﬂ-hydroxybutyrate ‘may , enter 1nto polymenzatlon reactrons,
ca.hbratlon procedures were developed for the sunultaneous determmatmn of lactlc,
succinic, and’ ,B-hydroxybutyrlc ac1ds as; well as for ﬁ-hydroxybutync a.c1d alone '
A dlscussmn of the problems. whrch arise. and of the techniques needed for, reuable
results is. g1ven. The retentmn t1me of propyl ﬁ-hydroxybutyrate defers from thgse .
of the propyl esters of the a-.and. y-1somers and of the propyl esters of a numoer of
other acrds When the method was, apphed to th.e analy51s of eggs recovenes were :
grea.ter tna.n .90, /o Wl‘CIl gooc‘l pféCiSiOﬁ N .
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INTRODUCTION

The need for a'reliable’ quantltatlve method for the analysrs of ﬁ-hydroxybutync
acid exists in the fields of blochemrstry and inedicine: The available methods generally
lack specificity and have been described as cumbersome and unsatisfactory. '~

‘Several papers have ‘been pubhshed on the gas chromatograpluc (GLC) de-
termination of f-hydroxybutyric-acid as- its methyl ester. However, none of them re-
ported quantrtatwe data on the recovery of the acid from natural matena“ls”“'4

Interest in developing a quantitative method arcse from the! identification in
this laboratory of B-hydroxybutyric acid' in" mcubator-re]ect eggs5 The a.md was
observed as a promment component when such eggs were analyzed for 1act1c and -
succinic acids by a GLC procedure“ ﬂ-Hydroxybutync acid- may also have been re-
sponsmle for one of the unidentified' GLC peaks observed earlier by BETHEA AND
WONG in 1ncubator—re]ect eggs7 The GLC method for lactxc and succmlc acrds" has

+™ This paper Wa,s esented at'the 8 3rd Annua,l Meetmg of the Assocratxon of Oﬂicml Analytxcal‘
: . sher IO ﬁn ak ‘KTgnh'nul-nn IDLC ITT SUAL \
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t‘-.now been mod:ﬁed to include’ ﬁ-hydroxybutync acxd ‘Acetophenone-is- used -as.an
:‘internal standard and the acids are chromatographed as their propyl estérs ‘under
" isothermal conditions. Inasmuch as 8-hydroxybutyrate may enterinto polymerization
_'».%rea.ctlons, calibration: procedures were! deVeloped for: ﬁ-hydroxybutync acid:alone and
- also in combmatmns ‘with:lactic. and succinic: -acids., The: procedure for:the ;analysis.
of eggs is- described but it-should be’ read,lly apphcable to other foods- and bxologlca.l
'ma.tena.ls through the use of appropna.te sample extractlon procedures !

;, S 1'4 s s 10

v
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EXPERIMENTAL R RRRER S

" 'A;bpamtus . : it

. Gas chromatogmj;lz A Barber-Colman Series | 5000 gas chromatograph w1th
'ﬂame jonization detector was used for measurements. The operating temperatures
“were: detector bath; 200°; injector block, 200°;and column temperature, 115 to 150°,
dependmg upon the hqmd phase. Gas flow rates ‘were adjusted for optimum detector
'response with. the carrier gas: (n1trogen or. hehum) set at 75 ml/mm An 8 ft..column
' dlethylene glycol succmate was operated at r 30 and an electrometer
iy f ]

conta.mmg IO ‘V’

: ’;, DEGS (dxethylene glycol succmate, ‘stabilized, Analabs Inc) and con:
: dltloned 24. h at200°; has’ proven very rehable ‘The propyl laétate peak separates from
the solvent fron 'a.nd thereis’ basehne ‘résolution of acetophenone ‘and’ propyl B-
' hydroxybutyrate A" typlcal‘ chromatogram is” shoWn m Fig. 1. ’J.‘he prevxously de-
gcribed slurry method was uised to ‘prepare the’ pack1ng° Reoplex 400 (Supelco, Inc )
1:5 % on 60-80 mesh Gas Chrom Z, was also used'with equivalent results."
"FFAP (Supelco, Inc.), 5~10% on’ 100-I10 mesh Anakrom ABS (Analabs, Inc. )

IR

“'",:‘fog X Chroma.togram ‘of .acids on’ DEGS column ‘at 130°%. Key:. L= propyl lactate; BHB
‘ propyl ﬂ-hydroxybutyrate ‘AP = a.cetophenone internal standard;.S = glpx?éyl sucou'xate

e ;J Clwomatog 1 51:(1970) 433432
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‘was -useful .for spec1a1 apphcatlons such as the hlgh-temperature analyses descrlbed
1nth1spaper B T R SR SR SPOCL P RIS ,

.'-,.‘:!i o

Reagents SEIN [ D ki
Solvents All were. reagent grade quahty Anhydrous d1ethy1 ether contammg
less than 0.05.% ethanol was used.to.avoid the formation of ethyl ‘esters.: iu: /i
«: Calcivm lactate standavd. o.171.-g. of N.F. grade: calcium:lactate: pentahydratet
was: d1ssolved iri distilled. water:and diluted to-zoo ml:(x‘mg/ml-as‘lactic’ ‘acid). e
- Lactic -acid:standard.. 0.100 g of .crystalline L (+) lactic acid (Slgma Chemlcalu
Co. ) was.dissolved in anhydrous ether and diluted:to:x00 ml (I mg/ml)::& il
-Succinic acid-standard. o.100 g of reagent grade succinic acid: was dlssolved in:
water .anddiluted ito :xoo ml:(r mg/ml). For an ether solution (. mg/ml); 0.100 g of-
the acid was dlssolved in anhydrous ether by gentle heatlng and shakmg and chluted :
to Ioo‘ml R TR
Sodmm B- hydroxybutymte standard 0.I2L g of wthe salt ‘was d1ssolved in; dlstllled'-
water and:diluted: to 100 ml: (1:mg/ml as S-hydroxybutyric acid).: L e e
:Acetophenone standard..0.800 g of acetophenone, 99 ‘mole: %, Chromatoquahty
Reagent (Matheson, Coleman and Bell), was! dissolved m I-propanol and diluted: to'-
100 ml: RI : P T LR R TR o everan et
= Dzlutmg solutzon 20.0- ml of I-propanol 10.0 ml of acetophenone standard
solution and 20.0. ml of chloroform were pipetted into a 125 ml separatory funnel.
40 ml of a.saturated ammonium sulfate solution was added and the funnel was stop--
pered and shaken for T min. The aqueous layer. ‘was discarded and the organic layer
was dried over about 5 g of anhydrous sodrum sulfate The solutlon ‘was. made: fresh=
da11y . ' : ' :
Boron tnﬂuonde—ﬁmpanol reagent A laboratory preparat1on of I0 % (w/w)‘
boron trifluoride in I-propanol® or the commerc1al 14 % (w/v) reagent (Applied Science

'Laboratones, Inc.) can be used The latter can be used undﬂuted or dﬂuted I o 6 '
v/v, w1th I-propanol : o P

C alzbmtwn ﬁrocedures

-While the isolation of B—hydroxybutync acxd from eggs presents no spec1a1_
problem, precautions are required in preparing standard solutions of esters for cal-
ibrating the gas chromatographic column. The procedure varies, depend.mg upon 1 the
kind and numbers of acids being esterified; The two calibration procedures descnbed in.

this report were de51gned for application to the: analysis.of eggs containing. ﬁ-hydroxy— :
butyric, lactic and succinic. acids. The. procedures. may requ.lre rnod.lﬁcatlon 1f ad-' _
ditional acidsiare encountered:in: other. applications; @i/ widen s G

- Procedure A permits the: simultaneous: calrbratmn for lactlc, succ1n1c and ﬂ-
hydroxybutyricacids.: In procedure B the cahbratlon for ﬂ-hydroxybutync a01d 1s .
performed separately, .. ' ; At e it

. Calibration. ?rocedure A. The number of cahbratlon solutlons used depends upon

he prec1s1on required and the linearity of the system. :See Table I for. typical amounts
of acids. Aliquots-of:the: standard solution.of sodium. ﬁ-hydroxybutyrate .were pipetted
into. 250 ml round-bottom: § 24/40 flasks:and - taken: to idryness:in-a rotary. evaporator:
‘at:50° and :a. pressure of:30o.mm Hg or.: less.’ ‘Aliquots:of ‘standard iether:solutions of -
lactic. and succinic ac1ds were added to-the ﬂasks and the ether Was: removedun a».

1
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rotary evaporator at 30°. Two milliliters of the BF ;—propanol reagent was added to
the dry residues and the flask was heated on a steam bath for 30 min with an air
condenser attached. The flask was clamped on concentric rings so that only the lower
half was immersed in steam. The flask was swirled after the reaction was initiated to
insure contact between the solid residue and the reagent. When the esterification was
completed, 4 ml of a saturated ammonium sulfate solution was added and the contents
were cooled to room temperature. One milliliter of the acetophenone standard solution
was pipetted into the flask, followed by 2 ml of chloroform. The flask was swirled to
mix the contents and they were transferred to a 30 ml separatory funnel and shaken
for T min. The lower layer (aqueous phase) was discarded and the organic phase was
dried over 3 g of anhydrous sodium sulfate in a 4 dram screw-cap vial. A piece of
aluminum foil was placed over the top of the vial before affixing the cap. When sam-
pling the solution the syringe needle was inserted through the foil into the liquid.
Duplicate injections of 3 ul each were made into the gas chromatograph and each
peak height was measured to the nearest 0.5 mm. Peak height ratios (#) were calculated
according to » = height of ester peak: height of acetophenone peak. For duplicate
injections of the same solution of esters » values agreed within § % of their mean. A
calibration graph was obtained by plotting » versus mg acid esterified (FFig. 2). The
solutions of propyl esters should be stored at 4° if they are retained beyond the day
of preparation. '

0o 10 20
mg Acid :

Fig. 2. Calibration data on DEGS column at 130° from solutions prepared in duplicate by Proce-
dure A. Key: L. = lactic acid; BHB = f-hydroxybutyric acid; S = succinic acid.

Calibration procedure B. Aliquots of the standard solution of sodium f-hydroxy-
butyrate were pipetted into 250 ml round-bottom § 24/40 flasks and taken to dryness
in a rotary evaporator as in procedure A. The residues were esterified for ro min on
a steam bath; the esters were isolated and chromatographed as in procedure A.
Calibration solutions of propyl lactate and dipropyl succinate were prepared by com-
bining aliquots of the calcium lactate and aqueous succinic acid solutions, evaporating
to dryness and esterifying for 10 min. The esters were isolated and chromatographed
as in procedure A, -

J- Chromatog., 51 (1970) 423—432



GC DETERMINATION OF ff-HYDROXYBUTYRIC ACID 427

Precautions in calibrations. The aliquots of sodium pg-hydroxybutyrate were
dried under vacuum to a white residue. In procedure A, when the ether was evapo-
rated at 30° after the addition of lactic and succinic acids, the final residue no longer
had a “dry salt’” appearance but the esterification still proceeded quantitatively.
The dried residues could not be stored and the BIF;—~propanol was added immediately
in order to convert them to their more stable propyl esters. The reaction mixtures
were vigorously heated for the required length of time. The concentric rings of the
steam bath served to keep the neck of the flask relatively cool by deflecting the steam.

Application to the analysis of egg. In the analysis of egg the organic acids were
extracted according to the AOAC official method®. The ether extraction apparatus
was checked for its efficiency by extracting a weighed amount of calcium lactate and
quantitating the acid by titration. Recovery was greater than g8 %. When the acids
were extracted from samples, reagent grade anhydrous ether containing less than
0.05 % ethanol was used to prevent the formation of ethyl esters in the subsequent
BT ,;-catalyzed esterification. The esters were prepared for chromatography as in
calibration procedure A after the ether extract (with the omission of the 5 ml of water
specified in AOAC 16.040) was evaporated to near dryness in a rotary evaporator at
30°, Two milliliters of BI7;~propanol were added, a 35 mm funnel or an air condenser
was inserted in the neck of the flask and the reaction mixture was heated on a steam
bath for 1o min. The BF ;—~propanol reagent was added to the residue from the ether
evaporation shortly after removing the flask from the rotary evaporator. It has been
found that storage of the concentrated extract can result in polymerization between
the organic acids and consequently in low recoveries.

When the ester concentration in a sample gave a recorder deflection greater
than full scale for a 3 ul injection, 1.0 ml of the sample solution and 1.0 ml of the
diluting solution were mixed in a screw cap vial, about 0.2 g of anhydrous sodium
sulfate was added and the mixture was chromatographed. Additional diluting so-
lution was added, when necessary, until the ester peak was on-scale. The amount of
acid was calculated by multiplying the final result (obtained from calibration graph)
by the dilution factor (F) where F is the volume after dilution: volume before dilution.

RESULTS AND DISCUSSION

Accuracy and precision

Fig. 2 shows the linearity of calibration procedure A over the ranges o—-14 mg
lactic acid, 0-25 mg B-hydroxybutyric acid and o-25 mg succinic acid. Similar results
have been obtained on wider ranges (0-z0 mg lactic acid, o—40 mg fg-hydroxybutyric
acid and o-40 mg succinic acid). Table I shows the close agreement in the calibration
data obtained by procedures A and B and the reproducibility of each procedure on
duplicate solutions. Table II is a further comparison of the precision of procedures
A and B for 8-hydroxybutyric acid at the 2o mg level. The S.D.’s of the mean » values
were, respectively, 0.06 and o.0z.

Stability of calibration solutions

The solutions of propyl esters can be stored at 4° for periods of at least four weeks
(Table I1I). The changes in the 7 values also reflect any change in the chromatographic
system over the period of time. The aluminum foil lining and screw cap of the sample

J. Clhwvomaiog., 51 (1970) 423~432
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TABLE I ‘
: 1‘ VALUE§ FOR CALIBRATION SOLUTIONS PREFPARED IN DUPLICATE BY PROCEDURES A AND B
DEGS column at 130°; conditions as described in text.

Acids (mg) » values®
Lactic acid B-Hydrvoxybulyric acid Succinic acid
A : B A B A4 B "
4:5° 5 0.76 0.78 0.58 0.56 0.41 0.40 "
41815 0.65 0.76 0.52 0.58 : 0.34 0.41
"8:10:!10 1.50 I.13 0.79
~. 8iro:10 1.53 1.16 0.78
. 10:1§:15 1.90 1.92 1.60 . 1.67 1.16 .14
7 10:15:115 - 1.92 1.88 I.74 1.64 1.20 1.17
. .12:20:20 2.22 _ 2.28 1.56
1272020 . 2.25 2.20 1.52
T 14:25:25 2.61 .2.66 2.88 2.78 1.94 1.86
'»_.;'14:25:35 2.65 2.62 - 2.82 2.78 1.89 1.95

» Lactic acxd—ﬁ-hydrovautync acid—succinic acid.
"Dy helght of ester peak height of internal standard peak.

TABLE i
REPRODUCIBILITY OF # VALUES FOR f-HYDROXYBUTYRIC ACID ON SIX SOLUTIONS AT THE 20 mg LEVEL
2 DEGS column a.t 130°; conditions as described in text.

. » values o ; -

Procedure 4 Proceduve B "

2.28 2.26

2.27 2.31

. 2.20 ‘ 2.28

2.12 2.31

2.30 2.28

2.25 2.27

Mean 2.24 . 2.28

.8.D, " 0.06 ) 0.02

o v1a1 are loose enough to permit some loss of chloroform during storage, but the pre-
: sence of a.cetophenone as an internal standard avoids reliance upon solvent volumes. -

"Aqueous systems :
- When calibrations were attempted on aqueous systems containing sodium
ﬁ-hydroxybutyra.te calcium lactate and succinic acid, recoveries of the propyl esters
were low because of polymerlza.tlon reactions during removal of water (Table IV).
" When one of the estemﬁed mixtures was chromatographed at high temperature, the
' presence of several polymenc esters was observed (Fig. 3). Although the structures
..~ ’have not been determined, it has been established that peak A results from the reac-
o "tlon of lactate w1th B-hydroxybutyrate, peak B is the dimer ester shown below
o i-and: peak 'C results from the reaction of succinate with ﬂ-hydrovautyrate. In ad-
d.1t1on, much of the la.cta.te /3 hydro*cybutyrate polymer is 1nsolub1e in the reaction

—
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TABLE 11I

STABILITY AT 4.° OF CALIBRATION SOLUTIONS OF PROPYL ESTERS PREPARED BY PROCEDURE A

Acide (mg) v values

Lactic acid B-Hydroxybutyric acid Succinic acid

Ib 2b I 2 I 2
4:5:5 0.76 0.75 0.58 0.58 0.41 0.40
4:5:5 0.65 0.64 0.52 0.52 0.34 0.34
8:10:10 I1.50 1.44 1.13 1.11 0.79 0.78
8:10:10 1.53 1.44 1.16 1.10 0.78 0.78
10:15:15 1.90 1.83 1.60 1.55 1.16 1.16
10:!15:15 1.92 1.79 1.74 .71 1.20 1.17
12:20:20 2.22 2.16 2.28 2.25 1.56 1.53
12:20:20 2.25 2.16 2.20 2.24 1.52 1.53
I4:25:25 2.61 2.54 2.88 2.82 1.94 1.86
14:25:25 2.65 2.52 2.82 2.76 1.89 1.86

& Lactic acid-g-hydroxybutyric acid-succinic acid.
b 1 isfreshly prepared; 2 is four weeks after preparation.

TABLE 1V

RECOVERIES FROM AQUEOUS STANDARDS OF CALCIUM LACTATE, SODIUM ﬂ-HYDROXYBUTYRATE AND
SUCCINIC ACID

Acidy (mg)  Recovery® (%)

Lactic actd  B-Hydroxy- Succinic
butyric acid acid

Mixture of three standarvds

20:30:30 98 83 65

35:50:50 87 87 74

35:50:50 51 42 206
Mixtuve of three standards plus H,S0;

20:30:30 99 99 96

35:50:50 99 100 99

35:50:50 97 100 94

& Lactic acid—fg-hydroxybutyric acid-succinic acid.
b By comparison with procedure B.

mixture and thus remains in the flask. The existence of dimers of -hydroxybutyric
acid is known®.

T
I—I:,C—!:—(ll—C—O-—C,,H,

| &1
Onn

O= c-é:-&—CHa
H OH

The interactions among the acids in aqueous solution could be minimized by
the addition of a small amount of sulfuric acid (Table IV). However, the improvement

J. Chromaltog., 51 (1970) 423—432
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in results was not as dependable as that obtained with calibration procedure A in
which the aqueous solution of sodium S-hydroxybutyrate is evaporated under vacuum
to a dry residue before adding the other acids in ether solution.

Fig. 3. Chromatogram of polymers from esterification of mixture of calcium lactate, sodium §-
hydroxybutyrate and succinic acid on FFAP column at 225° Key: A = f-hydroxybutyrate-
lactate; B = B-hydroxybutyric acid dimer ester; C = f-hydroxybutyrate-succinate.

Aqueous systems could be avoided by using an ether solution of $-hydroxy-
butyric acid. However, the acid could not be completely esterified until the reaction
time was extended to go-120 min. At shorter times, recoveries of f-hydroxybutyric
acid were low even when lactic and succinic acids were absent. Neutralization of the
free acid, which is a syrup, by direct titration and by saponification indicated that it
existed largely in polymer form. NMR spectroscopy also indicated the presence of
polymeric forms. GC examination of the syrup after partial esterification with BF3—
propanol disclosed the presence of a compound which eluted at high temperature
(BHB dimer, Fig. 4). The mass spectrum of the compound collected from the gas

AP

BHB

BHB dimer

L —

Fig. 4. Chromatogram on FFAP column at 185° of propyl esters of monomer and dimer forms of
B-hydroxybutyric acid. Key: BHB = propyl f-hydroxybutyrate; AP = acetophecnone internal
standard; BHB dimer == propyl ester of dimer of g-hydroxybutyric acid.

J. Chivomatog., 51 (1970) 423-432



GC DETERMINATION OF [S-HYDROXYBUTYRIC ACID 431

chromatographic column was consistent with the dimer structure above. Peak B in
Fig. 3 represents the same dimer. The esterification probably proceeds through a
two-step process in which the dimer ester is first formed followed by cleavage and
formation of the monomer ester.

Time of esterification

The esterification time is 30 min in calibration procedure A and 10 min in all
other applications. The shorter time is adequate for converting combined residues of
lactic acid (or its calcium salt) and succinic acid to their propyl esters®. Dry sodium
B-hydroxybutyrate, in the absence of the other acids, can also be esterified in 10 min
(procedure B). In like manner, a mixture of the three acids extracted from eggs can
be esterified in 1o min. In that case, the ether solution of the free acids is evaporated
with a minimum of heat, and interactions among the acids are not encountered.
Un tne Otner n'ma, tne Stlpﬁldﬂ:b‘u (,onuluons fcgarcung t]le prepa‘r'ttlon OI c1ry resw.ues
is more critical with the standard solutions. The reaction time was therefore extended
to 30 min in procedure A in order to insure complete est C
interactions among the acids.

<l 2 e . S |
riricacion LBPIL 0OCCcd»10I1cll

Interference by other esters
The retention time of acetophenone is such that it does not interfere

o
- 5
r+
—
i—
~+
ok
-
[o]

esters of a number of other low molecular weight acids. Table V lists some actds that
were chromatographed as their propyl esters. The acids were used as received from
commercial sources without further purification. Although g-hydroxypropionic acid
could not be distinguished from acetophenone on a DEGS column it was separated
on a 10 ft. by 4 mm I.D. column coated with 10 % FFFAP at 150°. Under those con-
ditions, the retention time relative to acetophenone was 1.40.

TABLEV

RELATIVE RETENTION DATA OF PROPYL ESTERS OF SOME LOW MOLECULAR WEIGHT ACIDS
DEGS column at 130°; conditions as described in text.

Acid Retention velative
to acctophienone

Crotonic 0.14

Pyruvic 0.27, 0.48
Lactic 0.34
Acctoacetic 0.64
B-Hydroxybuytric 0.77
ae-I-Iydrowcybutyrxc 0.39, 0.60
y-Hydroxybutyric 0.48, 1.28, 2.55
B-Hydroxypropionic 1.04

Succinic 1.85

TFFumaric 2.00

3
3

XY i
viaelic ‘9Ir

Recovery of B-hydroxybutyric acid from eggs

Apparently, g-hydroxybutyric acid is extracted from incubated eggs as the
monomer because, with an esterification time of 10 min, no significant amount of the
dimer ester (BHB dimer, Fig. 4) was ever observed on the gas chromatogram. Further-
more, there was no increase in the amount of monomer ester when the esterification

J. Chvomatog., 51 (1970) 423—432
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time was increased. Thus, a 10 min esterification is adequate for esterifying the fg-
hydroxybutyric acid extracted from eggs. On the other hand, when the acid in syrup
form was added to eggs it was recovered in part as the monomer ester and in part as
the dimer ester. With an esterification time of go min, the acid was recovered entirely
as the monomer ester.

Table VI shows recovery data for the sodium salt of f-hydroxybutyric acid
added to passable eggs and to incubator-reject eggs. Quantitative recovery was ob-
tained with the prescribed esterification time of ro min. The recoveries of lactic and
succinic acids were also quantitative. Extensive collaboration has already been ac-
complished on the application of the method to the determination of lactic and suc-
cinic acids in eggs1%.11, It is now possible to quantitate the three acids from a single

sample.

TABLE VI

RECOVERY OF ﬂ-HYDROXYBUTYRIC ACID FROM EGG

- mg B-Hydroxybutyric acid|100 g egg
Added as Found Recovery

sodium salt (%)
Passable cgg
o (o] —
10.0 ro.8 108
10.0 10.3 103
15.0 15.2 101
25.0 23.5 94
50.0 49.6 99
50.0 51.3 103
Incubalor-veject egg
o 13.0 —_
10.0 23.2 102
10.0 24.C i10
I15.0 28.0 100
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