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An analytical method was developed to determine the level of propylene glycol in dry type and
semi-dry type pet food using gas chromatography-mass spectrometry (GC-MS).

After adding water to the samples and further defatting them with hexane, propylene glycol was
extracted with methanol. The extract was purified with Supelclean ENVI-Carb-II/SAX/PSA
(Sigma-Aldrich Co. LLC; St. Louis, MO, USA), and injected into the GC-MS for determination of
the propylene glycol level. GC separation was carried out on a fused silica capillary column
(DB-WAX; 0.25 mm i.d. x 30 m, film thickness 0.25 um from Agilent Technologies Inc.; Santa
Clara, CA, USA).

Recovery tests were conducted on pet foods. Five kinds of dry type pet food were spiked with
500 mg/kg or 5000 mg/kg of propylene glycol. The resulting mean recoveries ranged from
94.3 % to 105 % and repeatability in terms of relative standard deviations (RSD,) were not more
than 4.3 %. Two kinds of semi-dry type pet food were spiked with 500 mg/kg or 5000 mg/kg of
propylene glycol. The resulting mean recoveries ranged from 99.3 % to 106 % and RSD, were
not more than 2.1 %.

A collaborative study was conducted in eleven laboratories, using dry type pet foods spiked with
1000 mg/kg and 5000 mg/kg of propylene glycol, respectively, and using semi-dry type pet food
that contained propylene glycol. The resulting mean recoveries, repeatability and reproducibility
in terms of the relative standard deviations (RSD, and RSDg) and HorRat, respectively, were
102 %, 98.6 %, 1.5 %, 2.3 %, 4.7 %, 3.3 % and 0.83, 0.75 for dry type pet food. The resulting
RSD,, RSDr and HorRat were 2.5 %, 4.5 % and 0.95 for semi-dry type pet food.

This method was validated and established for use in the inspection of propylene glycol in dry
type and semi-dry type pet food.

Key words: propylene glycol; gas chromatograph-mass spectrometer (GC-MS); pet food;
collaborative study
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C3HgO2 MW:76.09 CAS No.: 57-55-2

Fig. 1 Chemical structure of propylene glycol
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Table 1  Ingredients list of pet foods used in this study
Pet food types Ingredients

Corn, chicken, corn gluten meal, animal oil and fat, rice, beet pulp, fish oil, green pea, chicken
extract, vegetable oil, wheat, hydrolyzed crustacean, hydrolyzed pig cartilage, carnitine, minerals
(Ca, Na, K, Cl, Cu, Fe, Mn, Se, Zn, I), vitamins (V.A, V.Bi, V.Bz, V.Bs, V.Bi2, V.C, V.D3, V.E, f
-carotene, niacin, pantothenic acid, folic acid, biotin, choline), amino acids (threonine, taurine,
tryptophan, methionine, lysine), anitioxidants (mixed tocopherol, rosemary extracts)

Dry type
for cats 1

Grains (corn, corn gluten meal, wheat flour, rice bran, hominy feed), meats (meat meal, chicken
meal, powdered white meat), fishes (fish meal, powdered fish, powdered white fish, etc.), oils and
fats (animal fat, evening primrose oil), soybean meal, oligosaccharide, vegetables (powdered

Dry type cabbage, powdered carrot, powdered spinach, powdered pumpkin), beer yeast, beet pulp, S-

for cats 2 glucan, milk calcium, glucosamine, rosemary, basil, minerals (Ca, P, K, Na, Cl, Fe, Cu, Mn, Zn,
I), vitamins (V.A, V.D, V.E, V.K, V.Bi, V.B2, V.Bs, pantothenic acid, niacin, folic acid, choline),
amino acids (methionine, taurine), food yellow no.5, food yellow no.4, food blue no.1, food red
no.3, food red no.102, antioxidants (rosemary extracts)

Grains (corn, wheat flour, etc.), vegetable protein, meats (chicken, chicken extracts, etc.), oils
and fats (palm oil, soybean oil, etc.), soybean, fishes (fish extracts, bonito, dried bonito, etc.),
Dry type vegetables (spinach, carrot, etc.), vitamins (V.A, V.B1, V.Bz, V.Bs, V.Bs, V.Bi2, V.E, choline,
for cats 3 niacin, folic acid), minerals (Zn, K, Ca, Cl, Se, Fe, Cu, Na, Mn, I, P), amino acids (taurine,
methionine), preservative (potassium sorbate), coloring (food red no.102, food blue no.2, food
yellow no.4, food yellow no.5), antioxidants (citric acid, BHA, BHT), pH adjuster

Corn protein, animal fat (pig and cattle), corn, fish meal, wheat, potato protein, egg, minerales
(Ca, P, K, Na, Cl, Fe, Cu, Mn, Zn, 1, Se), sugar, rice, hydrolyzed protein (chicken and turkey),
buttermilk powder, cellulose powder, methionine, psyllium husk, vitamins (V.A, V.Bi, V.B2, V.Bs,
V.B12, naicin, pantothenid acid, biotin, V.C, V.Ds, V.E, V.K, choline), taurine, sunflower oil,
antioxidants (BHT, BHA, propyl gallate)

Dry type
for dogs 1

Chicken, rice, whole wheat, beef tallow, sucrose, meat extracts (gravy), beer yeast, oats, milk

Drv ¢ powder, corn, soybean, canola oil, glucose, fish oil, fish, fructo-oligosaccharide, yucca extracts,
ry type

antioxidants (mixed tocopherol, rosemary extracts), vitamins (V.C, V.E, V.Bs, calcium
for dogs 2

pantothenate, V. A acetate, V.Bi, V.Bs, V.D, folic acid, V.K, V.Bi2, biotin), minerals (Ca, P, Fe, S,
Zn, Cu, Se, Mn, K, I, Co)

Chicken, defatted soybean, corn starch, D-sorbitol, processed starch, glycerin, minerals (Ca, P,
Zn, Na, Cu, I), sodium lactate, seasoning, powdered egg yolk, sugar, fravoring, salt, thickening

Semi-dry type (guar gum), pH adjuster, preservative (sorbic acid), perilla oil, antioxidant (extracted vitamin E),

for dogs 1 vitamins (V.A, V.E, V.D, calcium pantothenate, V.Bi2, V.Bz), powdered cartilage of shark,
glucosamine, yeast
Beef, chicken, pork, soybean curd refuse, soft roe of salmon, mashed potato, starch syrup, wheat
protein, wheat flour, corn starch, rice bran, defatted soybean, egg, vegetable oil, cheese, minerals
Semi-dry type (Na, Cl, Zn, Fe, Cu, I), yeast, sasa extract, lactobacillus, wetting (sorbitol, glycerin), pH adjuster
for dogs 2 (sodium lactate, sodium phosphate, DL-malic acid), calcium-enriching (calcium phosphate,

calcium lactate), antioxidants (sodium erythorbate, vitamin E), oligosaccharide, preservative
(potassium sorbate), color former (sodium nitrite)
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Table 2  Operating conditions of GC-MS

Column

Column temperature

Injection mode

Injection temperature
Carrier gas

Transferline temperature
Ion source temperature
Ionization

Ionization energy

Monitor ion

DB-WAX (0.25 mm i.d. X 30 m, 0.25 pm film thickness, Agilent Technologies)
60 °C (hold for 1 min) — ramp 5 °C/min — 145 °C — ramp 30 °C/min

— 250 °C (hold for 5 min)

Split (split ratio 1:50)

250 °C

He 1.0 mL/min

250 °C

230 °C

Electron ionization (EI)

70 eV

m/z 61 (for quantification), 45 and 76 (for confirmation)
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Sample 2.0 g (50 mL centrifuge tube)

——add 2 mL of water for dry type or 1 mL of water for semi-dry type
—add 20 mL of hexane and shake for 10 min

— centrifuge for 5 min at 2000xg twice

— discard hexane

——add 20 mL of methanol and sonicate for 20 min in ultrasonic bath (50 °C)
— centrifuge for 10 min at 2000xg

— transfer sample solution to 50 mL volumetric flask

—add 20 mL of methanol to the 50 mL centrifuge tube and shake for 10 min
— centrifuge for 10 min at 2000xg

—transfer sample solution to the 50 mL volumetric flask

— fill up to 50 mL with methanol

Supelclean Envi-Carb II/SAX/PSA (500 mg / 500 mg / 500 mg)

—prewash with 10 mL of methanol

—apply 5 mL of sample solution

— elute with 10 mL of methanol

— fill up to 20 mL with methanol

GC-MS

Scheme 1 Analytical procedure for propylene glycol in
dry and semi-dry type pet food by GC-MS
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Fig. 2 Calibration curve of propylene glycol by peak area
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Table 3  Quantitative value for propylene glycol by different quantity of water
Quantity of water (mL)

1 2

Propylene Run 1 21197 21180
glycol Run 2 20810 21122
(mg/kg) Run 3 21391 21162
Mean 21133 21155

i T LMETRERCTOER
71T KMLEE OB, JFRL {ETIEHMEKEZ I =77 A AN TH LR HIKRZ GC-MS
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TR &, HIZTAZ 7 —/ 10 mL 2 =77 A AN THELNIREEE &I,
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Table 4  Elution pattern of propylene glycol from Supelclean Envi-Carb 11 /SAX/PSA

Rec overya) (%)

Methanol
Load Elution Total
0~5 mL 5~10 mL 10~15 mL
Only standard solution 37.9 61.0 0.4 99.2
In the presence of matrix 412 61.4 0.3 103

components of dry type for cats

a) n=1
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3.4 IRANENEUER
1) RZ 85
K7 A B O3 HTEEHT 500 &Y 5000 mg/kg FH 2 8 (Rl EHANR T 5 & OV 50 pg/mL Al
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Table 5 Recoveries of propylene glycol (dry type pet foods)

Spiked level (mg/kg)
Pet food types > 200 o) 3)5000 >

Recovery RSDx Recovery RSD:

(%) (%) (%) (%)

Dry type for cats 1 105 1.1 98.9 1.3
Dry type for cats 2 101 1.1 98.5 1.8
Dry type for cats 3 103 2.8 101 1.5
Dry type for dogs 1 94.3 1.3 95.0 4.3
Dry type for dogs 2 100 1.3 104 0.8

a) Mean (n=5)

b) Relative standard deviation of repeatability

2) B3I RFTA 8
Y2 KT A B OSHFREHT 500 & 05000 mg/kg F124 & (& REHAR T 5 XV 50 pg/mL
Y E) OoFet Ly 7 ) a—AaiiL, REICED 58T TER L THIE R O L
WA RD T, ZOREFRIL Table 6 IZRT B0, YrE L7 Y a—/1E993~106 %, ZD
MR URS B (XA R 22 (RSD,) & LT 21 %L FThHHo 7=,
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Recoveries of propylene glycol (semi-dry type pet foods)

Table 6
Spiked level (mg/kg)
500 5000
et food types P;:jcng ) Recoveryb) RSD;” P;}I/)Cng ) Rec overyb) RSD;”
(mg/kg) (%) (%) (mg/kg) (%) (%)
Semi-dry type for dogs 1 724 106 2.1 5337 103 0.9
Semi-dry type for dogs 2 815 102 0.7 5269 99.3 1.0

a) Mean (n=5)

b) Mean (n=5); Blank values of propylene glycol were 196 mg/kg in semi-dry type for dogs 1 and 303

mg/kg in semi-dry type for dogs 2.
c) Relative standard deviation of repeatability

nE, BONFEERA AL D SIM 7 u~ k275 LDO—fFl% Fig. 3 127 LT-.
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Fig. 3  Selected ion monitoring chromatograms of propylene glycol
(Arrows indicate the peaks of propylene glycol.)
A: Standard solution (5 pg/mL: 5 ng as propylene glycol)
B: Sample solution of dry type pet food for cats spiked at 500 mg/kg of propylene glycol
(5 pg/mL as propylene glycol)
C: Sample solution of dry type pet food for dogs spiked at 500 mg/kg of propylene glycol
(5 pg/mL as propylene glycol)
D: Sample solution of semi-dry type pet food for dogs (blank value of propylene glycol: 196
mg/kg) spiked at 500 mg/kg of propylene glycol (6.96 pg/mL as propylene glycol)

3.5 EEMRS (FR) RO R
AREOERERF (FR) ROBHRA AR T 5729, 3.4 ORMIENGUER TR L 72 500
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uL %2 GC-MS IZIEAL, BoNZERBAA LD SIM Zu~ NI Aanb7 v Ly /) a—)b
DE—27 D SN N 10 K N3 L7225 REEZRDT-. TORE, Ho/-E—27 0 SN kY 10 LL
L&D 500 mgkg ThoTz. £z, SNEN 3L EE DL 200 mgkg & 72 -7,
72%, Table 5 JxOF Table 6 (TR L7 &Y, Mi%E R FIRIREIZI T D IMEIGURKE FRILR
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Table 7 Homogeneity test of the semi-dry type pet food
for the collaborative study |

No. of sample Propylene glycol
(mg/kg)
1 2960 3020
2 2990 3010
3 3030 3030
4 2960 2920
5 3010 3040
6 2990 3060
7 3050 3050
8 3000 3000
9 3020 3060
10 2900 3020
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Table 8 Homogeneity test of the semi-dry type pet food
for the collaborative study Il

Source s 0" y Fo? F crit. ©
Between samples 22380 9 2487 1.82 3.02
Analytical error 13700 10 1370
Total 36080 19

a) Sum of squared deviation

b) Degree of freedom

¢) Unbiased variance (Mean square)

d) F value calculated based on analysis of variance (ANOVA)
e) Fcritical value: F (9, 10: a=0.05)

2) HH[RIFERAS R

H R BRSSO MATIC OV TIE, EBRMIC =TT A XS HFERBRICET 5 FIE Y V%
212, Cochran fRE, FMUE 1 D Grubbs 15 E & OSMUE 2 il D Grubbs #E # 1TV, s
EOA 2R L2 ECFEHENE, ok UKE (RSD,) K OVEMAHNE (RSDr) % H H
L, 5472 RSDr 206, fEIE Horwitz 3 '"% 1\ T HorRat % 3R & 7=

FERIE Table 9 DL B0 ThoTc. RHARNIZ A KOWH NI A 2O TEHREINRITENE
U102 11 98.6 % THY, RHFNZA, RHEIFIZAKLUOWH NZ 41220\ T RSD, 1%
Zh 15, 2.5 K123 %, RSDRIZZFN T 4.7, 4.5 K133 %, HorRat IZZTHZH 0.83, 0.95
KTr0.75 Th o7z,

BEDTWD, FRBRE T L7z LC-MS/MS DO§fESE % Table 10 1Z/R L7=.
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Table 9  Collaborative study for propylene glycol

Pet food types
Lab. No. Dry type for dogs Semi-dry type for dogsa) Dry type for cats
(mg/kg) (mg/kg) (mg/kg)
1 1070 1080 37007 3840° 62507  5870°
2 1020 1020 3260 3120 4740 4790
3 1090 1110 3220 3110 4980 4890
4 981 987 3380 3250 4980 5110
5 953 966 3270 3190 5210 5110
6 1090 1070 3280 3270 5090 5080
7 1040 1020 3220 3300 5020 4740
8 1030 975 3110 3090 4990 4700
9 909" 998" 3070 3080 4860 5080
10 990 984 2740 2980 4740 4650
11 1000 1010 3100 3090 4930 4930
Spiked level (mg/kg) 1000 — 5000
Mean value? (mg/kg) 1020 3160 4930
Mean recoveryd) (%) 102 - 98.6
RSD,” (%) 1.5 2.5 2.3
RSDR” (%) 4.7 4.5 3.3
PRSD:? (%) 5.6 4.8 4.4
HorRat 0.83 0.95 0.75

a) The sample containing propylene glycol

b) Data excluded by Cochran test

c¢) Data excluded by single Grubbs test

d) n=20

e) Relative standard deviation of repeatability within laboratory

f) Relative standard deviation of reproducibility between laboratories

g) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation



116 fREHFZEHE Vol. 41 (2016)

Table 10  Instruments used in the collaborative study

GC column
(i.d.xlength, film thickness)
DB-Wax, Agilent Technologies
(0.25 mmx=30 m, 0.25 pm)

Lab. No. GC-MS

GC: FOCUS GC, Thermo ELECTRON
MS: POLARIS Q, Thermo ELECTRON

GC: GC-2010, Shimadzu

DB-Wax, Agilent Technologies

2 MS: GCMS-QP2010 Plus, Shimadzu (0.25 mmx30 m, 0.25 ym)

3 GC: GC-2010, Shimadzu DB-Wax, Agilent Technologies
MS: GCMS-QP2010 Plus, Shimadzu (0.25 mmx=30 m, 0.25 pm)

4 GC: FOCUS GC, Thermo ELECTRON DB-Wax, Agilent Technologies
MS: POLARIS Q, Thermo ELECTRON (0.25 mmx30 m, 0.25 ym)

5 GC: GC-2010, Shimadzu DB-Wax, Agilent Technologies
MS: GCMS-QP2010 Plus, Shimadzu (0.25 mmx=30 m, 0.25 pm)

6 GC: GC-2010, Shimadzu DB-Wax, Agilent Technologies
MS: GCMS-QP2010 Plus, Shimadzu (0.25 mmx30 m, 0.25 ym)

. GC: CP-3800, VARIAN DB-Wax, Agilent Technologies
MS: 300-MS, VARIAN (0.25 mmx30 m, 0.25 um)

8 GC: GC-2010, Shimadzu DB-WAX, J&W Scientific
MS: GCMS-QP2010 Plus, Shimadzu (0.32 mmx30 m, 0.5 um)

9 GC: 6840A, Agilent Technologies DB-Wax, Agilent Technologies
MS: 5973N, Agilent Technologies (0.25 mm>30 m, 0.25 um)

10 GC: GC-2010, Shimadzu DB-Wax, Agilent Technologies
MS: GCMS-QP2010 Plus, Shimadzu (0.25 mmx30 m, 0.25 ym)

1 GC: 7890A, Agilent Technologies DB-Wax, Agilent Technologies

MS: 5975C, Agilent Technologies

(0.25 mm>30 m, 0.25 um)

4 F&EOH

EoEHER (R A KRBEI RTARE) fo7Fee L 7Y a—iZonC, JFRL E%
2, GC-MS IZ XA EREIEDO Y MaEIE~OHEHAO K EBmF L7zE 25, GC-MS IZ XD HIE
BT D2 RENAIR DO EKEEZHWOTLIICEEL, =T LORTCAFNCT T 774 FhH—HR>
ZBMTLHZEICLD, UTORENGON, EHNAETHL EEX LT,

1) FREHRIE 5~120 pg/mL (GEAEE LT 5~120ng) O#PH CEMRMEEZ R L7z,

2B, YEMRERIIBT L4~ N v 7 ZORMEBIGRER O EREIL, 5 &V 50 ug/mL 4
YIEREL LT
2) AREHS>THELNEEEAA LD SIM 7 a~< 75 A TiE, 10 BEHO R A KO 3 f#
HOEI RIAMGOZHEYHEEHIBW TERZ LT 2 E—27 XRO e ho 7.
3) KRB, 5 ROMTCER L CEIGER R LEEAMRE L L 25, RIBRBRIED
niz.
4) KEIBTL7rE Lo 7Y a—LoEERR (FR) KO MHERIE, e T 500 mg/kg
K Y200 mg/kg TH - 7=,
5) ELiEWHGEO R BGIC e L7 ) a—1k LT 1000 mg/kg K O 5000 mg/kg FH Y
wEAEABRMUZRE, tQicryeer o7 a—nzg88 L8 RIAAEOREZ HWT 11
RBEIZB W TARIBICEVERIRBRZER L& 25, BIFRERNIEONT.
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# ##

LFEFBRICSIN L Tz i2nic —BIWHIE N B AR RS & > ¥ — L BEERT, —RMEEAR
ARESINTE > 7 —FABETERT, — AR N R BR B AR A 2 OS2, R EIE N B A
WESREH X FET LT JA KAARL WA S M E 2RI 61T 2 BRE AL
BHOBEZRLET.
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