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Study on the Physicochemical Characteristics of Hamburg Patties
with Different Lipid Sources
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Lotte R&D Center - *Department of Animal Products Science, Kangwon National University

Abstract

This study was carried out to evaluate the different physicochemical properties of various lipid
sources in beef patties during storage for 6 months. Four groups of samples were made of beef meat
patties with 22% of tallow, lard, chicken fat and 20% of palm oil.

On the analysis result of physicochemical compositions, the patty has its own fatty acids
composition and characteristic different from other lipids. Patty with chicken fat has the highest
percentage of unsaturated fatty acid composition of 61.0% compared to the other groups of patties,
Beef patty with chicken fat has 18.8% of poly unsaturated fatty acid(USFA) and beef patty with
beef lipid has 1.5% of poly USFA which is the least percentage among the others. SFA/USFA ratio
of beef patty with chicken lipid was 0.5 which was the least value.

The composition of PUFA in beef patty with lard increased to 10.0% from 1.9% over initial value
after storage for 6 months. On the contrary, the composition of PUFA in beef patty with chicken
fat decreased to 9.2% from 18.8% over initial value after 6 months.

Volatile free fatty acids of beef patties were evaluated with four kinds of lipid sources. Formic acid
was the most as of 59 £ g/g in beef patty with tallow, acetic acid was 15 1 g/g. and heptanoic acid
was 104 g/g at starting time of storage. However, propionic acid, butyric acid, valeric acid and caproic
acid were not detected. After 6 months, formic acid decreased from 59ug/g to Tug/g in the patty
with tallow, from 12 ¢ g/g to non-detect level in the patty with palm oil, but two the others patties
slightly increased.

Volatile compounds in meat patties were reported nearly 1000 kinds of chemical compounds. Beef
patty with tallow has aldehydes 5.3, alcohol 1.3, hydrocarbon 0.8, ketones 0.2, ester 0.1, furans 0.1,
acid 0.04, sulfur 0.03 in peak area at starting and increased to aldehydes 8.5, alcohol 2.1, ketones 0.5,
ester 1.0, furans 1.5 in peak area during the storage. But only furans was not detected after 6 months
of storage. From starting to 6 months, aldehydes increased 2~10 times, alcohol increased 2~3 times,
acids 4~50 times and ester 9~20 times in beef patties with pork lipid, chicken lipid and palm oil.

Some volatile compounds such as alcohol, aldehydes and acids in all kinds of patties significantly
increased after 6 months of storage, These increases cause oxidative rancidity taste in meat patties.
These results showed that self-life of meat patties with 4 different lipids were not over 6 months
even though they were stored at —20°C. Therefore, they should be classified as off-grade because
of oxidative rancidity.

Although beef patties with tallow are currently common type, the possibility for new type of
hamburg patty can be developed by applying different lipids, Finally, we found out new type of beef
patty added with lard, which had the best taste and quality compared to the other common types.
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HZ AAAQ FAR AE A2HES A
golA I FFE olFE FHAY FHE R
d %Y HamburgAl§ FALE SUUAE
Hamburg Steak 2 v] 3ol 2713 Ao Hx &
glolr 19043 MAEFR o)A AA wga] o
Hamburg patty & =2 "ol sandwichdle &
o e AYF vlvl=R F dd3 o] e
A o] 2¢) Hamburger?) 71E Felo] 3 19493
WEGE A7 A 2ol A W] = (San
Benadino) o #-€ Hamburger 21%& & A o]
22 2 & (fast food)FF3}te] A&t

Hamburg patty: th7) ¥z 9 gAY 49
£ AME 3R] 3 20% WY A uke Hte
o Az ghg B8] S8 dZ Y A&
Foly FF, = g7HY Fd S HUIE
ot wEkA HE Y AR F &F3 AI3NNE
A3t eE Aol MY B2 £EE& A3
E e a3 v 3 AE0]7] Wi
el A WAL FHY A I3, B
2L v 2od Aot Y

B A1 23L& 7]&E Hamburg pattyE o)
RE 50 $X& H7He Aol 4tAAdH
olot= gl AW FHE A Hore
Z A, A, # AW, #F & +59 47
A8 4744 o8 F /9 Hamburg pattyE
o] o8 7}A] o|3}sy Q& W3g T EIA
2 Z AgEel 589 5% Ivg 71
Hamburg patty A& 715432 oo (28
F49 AHA Mo $L3A -20ToAA
AN AANA 2= AR sl 53 A%
o] 218 Fv)o] WHEE ZAIFSEHN Ham-
burg patty®] 3 BE717: §A4 F9H3=
AE B 4

iig ﬂm
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Mz A Uy
HEX=

$ES 2409 B B FHSE $F #9
20 kg€ YEFOE AEHAT. VELLS &
% 24N Fol YEANA HPUE ol$H0
W AYARE ol§37] Al 4CAA 2

< sEAAHSD

A= 247023 9 B FRAM AT &F
oA gtz Y= 59 ol EAE AAT
I AL AR -20CHA 297 ¥ S A3}
Aok, EX = 5 EHY v K E GHAA QA
3+ SX 9 (porcine back fat)olA duta Y=
59 o] EAE AMAT F ALE A7MA -20C
oA 2 A7 ¥ 5 AREHAL AL A (Chi-
cken lipid) & =AE §&4 5 57 W #
g e gojy S AT § F2E
T 722 SAZNAM A AL AR
5 -20CelA 297 ¥5 A

HE Rud B8 15 kg TFNA 9%
A H s AL A7A] -20CA 297 B 5
ARZAT B A AHE-E Fhe= A0l
mg/g °13l, K27} 45~55g/100g, Z 37t
190~200mg/g, &3 33~39C 183 FE
0.1%°)3}ol e},

Atze| Fx2| Y I3

FEFE YA 2xoA 3l E F 5 mm plate
eye’l A&H grinder(Berkel, HP-32, Belgium)
M AASHIY AEALL AF F 22 Al
7144 3mm plate eyeE A& F AH 3}
Ak AS AW R 4FE AE F FF e
50 : 50¢] ¥]& 2 44L& A& chicken lipid& A}
&3t

Y58 g ) 2% 2FH 0.2% 9 black
pepper& A7l 283 FF7 Avkd o
E5E 10kg %9 &7 &4 23 vertical
mixer(Kanto, CS-25, Japan)olir A£:(138
rpm) 2.2 18, £4:(205 rpm) &2 287 13
EFE AAsET 13 £ 8 4858 AFE
B ALE 98] TH Uy 22%9 FE F
3t B golu AAZ o) A AR HA
FUE AN YES TF Uiy 20%E A
7Fstd ek, Aol A7HE YE S-S vertical mi-
xer(Kanto, CS-25, Japan) ol Al $4:(205 rpm)
ol A 28, ¥4:(400 rpm)olA 3E7 2% EF
< AAEI G

Ay 9 AFL 2z Efo] B¢ S-S
%24 227)(Dick, TWF-6, West Germany)
& ol &3 AeolAdel FH3 $F clipper(Poly-
Clip, SCH-6210, West Germany)® W& & 3
At FHo] B AFEE Al B Ade
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Table 1. Condition of gas chromategraphy
for volatile compounds

Item Condition
Instrument Hewlett-Packard 5890 Series II
Column Innowax(60m % 0.32mm X 05

gm) 25 ‘C/min
Detector FID
Oven temp, 70C — 240°C (32 min.)
Inj. temp. 260°C
Det. temp. 280°C
Carrier gas He
Flow ratio 2ml / min,

Split ratio 80 : 1
Sample size 1 ¢l

A2 -20C WYHIAAM 3F AFE F 4C
BALANA 6AIZ BHAIH G EHe) A%
52 Jejoll A slicer(Hobart, 1712E, US.A) B
8 mme| FAE Zetr Fo] wpio) AR ¥
Aot mR o g AAdE JEE dro)
Y3 -20C Yol BASEA £ o)
&3t

QAR gl X[HFAL EA

YR ER At A 2 Y BHe
A met AAEA

3243 £ 3 (volatile compounds) & AA %
g B4 oS3 2o Fagich

1,000m! &2 flaskell 3-HF 4 500mi¢}t Dode-
canol(Internal Standard) 1418 ¥ 250C 7}
¥ FtolMe] HEE 250g 3 st 287 9
3 F AJAAN 18 3027 A FA 23
3te] E81¥ round flasksll ¥ 3 SDE#A] ol A
HEYES F&39th. SDE(Simultaneous
Distillation and Extraction) 2] ¥ z}4=(& 509l
YFES0HEE EHE -5CE FAYL
FZ 2= diethyl ether 100mlE ©) &3t 2
A1ZE 308 B FEIAUG. FEo) BY X
diethyl etherel MgSO; anhydrousE ¢} 30
B @48 F A3so 1A 72947 (rotary
evaporator) 2 35CoAA ¢ 1g7}x] &3ty
t}. o]oiA] N; gasZ purger) 7| A] Table 13
29) 222 °F 20 mg7tA HEHAID F 7))
ARPEIHE(GC) 9 AF £471(MSD) &

Table 2. Condition of gas chromatography
and mass selective detector or volatile com-
pounds

Item Condition
Instrument Hewlett-Packard 5890
Series
Column Innowax(50m X 0.2 mm
X 0.3um) 2 C/min.
QOven temp. 60°C — 210°C(70 min.)
Inj. temp. 250°C
Interface temp. 250°C
Ionization volatage 70 ev
Carrier gas He
Flow ratio 0.8 ml / min.
Split ratio 80 ' 1
Sample size 1 pl
43t
do % IF
AEe| ME 54
Ul 7R RS Al Az2E 5 Ay
9] VAR ¥4 ZFE= Table 39 Vet v
ot 7o}

A7 AE 223 -5 e RS
A 23S 2 S8 #HFo] 566%3=0
AL A 92 777 593% 2 B¢y =
A H7H771 53% 2 WolA FoAE vEhdTh
(P<0.05).

& ojEle oW ¥ HFL 175%%
3 A A HbE7E 181%E 7 UL
EA A7 1T0%E 7HE 2oty f-9lxte
B ATHP<0.05).

ZAY TFL % HEY FE =X F)
7t 202% %2 7V =9 SR 757}—?7}
158% % 7}.;}- ‘*9\1'0131 5’3?—1‘ z;qat}- z;:}
18.4% X},

ZEE gy A, 8 Hege 238 o

S 1.6% 93 AL BF HF7E7 1.7%,
A VS 16%, A A7 12%2 2
ol & Az FgRE B
(P<0.05). ©13 3 AA= £Fo) o 29
ko] e A uiAsAZ 7 tallow, lard,
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Table 3. Proximate analysis of compositions of beef, pork, and chicken patties with four

different lipids

Lean meat Lipid Moisture( %) C. Potein(%) C. Fat(%) C. Ash(%)
Tallow 59,3+0.78 17.740.92% 200+1.42° 12+005°

Beef Lard 53.0+0.59° 17.0+0.70° 202+1.78° 1.6+0.01°
Chicken fat 59.3+0.51° 18.1+051% 158+2.06° 1.7+0.01°

Palm oil 54.9+0.46° 17.3+0.08% 184+125% 1.7+0.01°

2% Means+SD with different superscripts in the same row are significantly different p<0.05).
Tallow = beef lipid, Lard = pork lipid, Chicken fat = chicken lipid.

ol
b

chicken fat, palm olioll wa} Zx)H}e)
A a7t VeSS & F Ut AS A

ZA gL 158%2 1 9 & Auwrg
A @ FEE BY oln &5 o dnt
Ao Z 12~17T%R 5 Aol F{FAUTL
E m(5~7) chicken fat-& U] A xjutR ot
I FoFHeR B FFEY A dFL 3

SO AtEEC

o N &

==

HE & ARY FR2 4R #HE

1) Xt 24

A A7HE g8 d 8 HEdAA A =
718} Akat B4 A= Table 401 Ve v}
oF 7ot 4] A3 JEhd X3 Ao 2 =
lauric acid(C12:0), myristic acid(C14:0), pen-
tadecanoic acid (C15:0), palmitic acid(C16:
0), stearic acid(C18:0), arachidic acid(C20:0)
7t 32, EE3 A4t = myristoleic acid
(C14:1), palmitoleic acid(C16:1), oleic acid
(C18:1), linoleic acid(C18:2), linolenic acid
(C18:3), gadoleic acid(C20:1)7} &=}
AAALZ oleic acid(C18:1)2] F o] 74
E4F, I Y2 E palmitic acid(C16:0),
stearic acid(C18:0) ¢ &°lt}. Palmitic acid
(C16:0)8] A% §-5 seglolMy BF o)
06%Z R HFS AL HFE ol
39.6% & A7t sk R %R X
H7bre) §3Fe) 260%% 7+ Wdoh Gr-
undy 5(1988) ¢l ¢ 3}, palmitic acid7} %
ZFH2HESN AEE NAEH A (low density
lipoprotein, LDL) E#2HE& S7HAZH Y2
BT3P,

o] & A= Wasserman 5°] 849
29 AW A 2AE B oleic acid7t
718 B3 palmitic, linolenic, myristic, palmi-
toleic acid®} o8 @o] EX3H o3t %
akol MA Akt i RS AR glte B
2o 4AAGIT? ol AL ¢4
Elol] vl7kAl 9] A& oA 0, 3, 671E 9] A
A7 AT AL vd AHRE HY

ol F 7HF %ol EE3IE oeic acideE
chicken fatoll A 448% % 71 & £FL 1
Reut 3/NEe] A% 717k Aux & WHsrt
2t} linoleic acid9] 8182 oleic acidel H]sj
A FL BES AX3T Yo larde A
$ WERFIANE 19%9 B £2E B4R
% T = 100%, 671 € Fol= 96%9)
H&S Ho AjZto] Asge] wl linoleic
acid®} ¥l &o] §33A ZF 7t Lnolenic
acid®] 7§ tallow, lard, chichen fat, palm oil
A I o] EAHFHA gsted ol HFE
E 9] AWM= linolenic acid’t 42 & R
71 el 1 #%E S F QA% Al5E
o 671 €9 AR 71 Te] Ad F & el
o 24-dl AW linolenic acid’t A& H AL
lard W9 th7tE 82 bake] Abst2 Qla) A7l
Re 2 FAHHAT Laricks ©l#3) linolenic
acid®} ko] Wolxl¥ Evje] Wtz <)
AZE7 BoAdE nystgg’?,

dRtH o2 BX X utite] §Fo] ey
5 st ol AAde] BojA o ® 3R]
by EX A ERAre] )82 Tallowd] A
LO4E 7} EobA] ThE A wtH ) 43} or A
Aol ot 67l At Foll= 469%F A
F7 3 ol ¥t AL Z4zbe) R wke] 7%
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Table 4. Fatty acid analysis of beef, pork and chicken patties with four different lipids stored

for 0, 3, 6 month (%)
Beef 0 month Beef 3 month Beef 6 month
Fatty : ‘ .
acds  Talow Lard OO FAM o g CHKED PRIy g CRicken Paim
fat oil fat oil fat oil

C12:0 ND. ND ND 1.04 ND ND 023 102 ND ND ND 143
Cl4:0 408 177 152 1.86 354 160 147 204 403 183 161 206
Cl4:1 042 043 038 017 ND 018 036 ND 064 020 040 ND
C15:0 ND 029 029 ND ND ND ND ND 048 ND ND ND
C16:0 2600 2747 3031 3866 2753 2501 2888 3868 2703 2423 2753 4051
C16:1 318 261 598 113 233 294 550 132 316 310 642 117
C17:0 13 047 039 033 124 057 039 041 134 053 054 ND
Cl7:1 067 039 ND 0.24 ND 0.37 ND ND 073 049 038 ND
C18:0 1978 1294 862 640 1879 11.04 801 754 1856 1183 801 639
Cl18:1 4446 4477 4576 4156 4381 4635 4535 4066 4234 4624 4516 4065
C18:2 145 194 370 8.47 2.76  10.00 945 832 169 964 923 781
C18:3 ND ND ND ND ND ND ND ND ND 033 ND ND
C20:0 ND 452 154 030 ND 093 ND ND ND 097 ND ND
Unknown ND 072 161 183 ND ND ND ND ND 046 ND ND
Sat'F.A 51.16 4746 4859 4859 511 3315 3898 4969 ND ND ND ND
Unsat’F.A 4883 5160 4957 4957 489 6021 6101 503 5144 3945 384 5039
'PUFA 145 194 1877 847 2.76 1037 98 832 4856 6006 6159 4963
MUFA 4738 4966 4652 4110 4614 4984 5121 41.98 169 1003 923 781
s/u 1.04 076 053 054 104 065 063 098 4687 5003 5236 41.82
MUFA/ 092 105 134 140 090 127 131 084 105 065 062 101
Sat’F.A.

! PUFA = polyunsaturated fatty acid : 2 MUFA = monounsaturated fatty acid
% 8/U = saturated fatty acid/unsaturated fatty acid

Tallow =

T Hxd 2F#E Bt

2) Fed Fa| Xt

Table 5& 4 279 A& 3718l AxE
58 ey AR F HEA K2 ANy 2
ol HAF Ut}

Ao hREY A A} BE FXY FHE
o) A ukAke Ao &) 3HE EF Al
T EE WAL FEHE w AA =
713kl o},

Table 5= 42§ 9 AW Hr7isly AzE
$-& e 9 AAF HdA FYA T 2o
E ¥ o433y v} Butyric acid(C4) &= oFF 7
3 HAHE Zted BE A AT BolA

ororrt I3 caproic acid(C6)H Al E3 3

beef lipid, Lard = pork lipid, Chicken fat = chicken lipid

Znolg AZa=d, tallows A HEFNA
9t 24 € 7] 9k9k+=d] UE lard, chichken fat,
palm ol X e Zzt 28%, 17%, 19%, 15%,
24%, 16% 2 11 3to) B5 SAHAT} Al7to)
AYHA BF 7t ZhAastE AdS BT

MZ = Al29 Y 0| 942 ¥

1) Rigt
M2 Hs

22 E Hstg AR ¢ HEHE 67/1€
7r AAEHEA S HEA FuEY 4
A& Table 69) Vb vhe} 20 AR £7)
o A2 Fv| AL F /MR 2L v &g A
3 AL G EFE 530195 dEHT 1.3,

Hotoll e =] TE|ofAM2] 0|



A¥rEFo) w2 Hamburg Patty9) ©)3}83 Ao 3% A3

85

Table 5. Free fatty acid contents of beef patties with four different lipids stored for 0 and 6

months (ng/g)
Free Beef lipid Pork lipid Chicken lipid Palm oil
fatty Storage periods(months)
acid 0 6 0 6 0 6 0 6
C 1:0 59 7 79 80 105 139 12 N.D.
C 2:0 15 21 32 27 54 31 7 N.D.
C 3:0 N.D. N.D. N.D. N.D. N.D. N.D. ND. N.D.
C 4:0 N.D. ND. ND. N.D. N.D. N.D. N.D. N.D.
C 5:0 N.D. N.D. 74 47 68 42 52 42
C 6:0 N.D. 9 28 17 19 15 24 16
C7:0 10 31 13 20 11 17 15 39
Total 84 68 226 191 257 244 110 97
Table 6. Volatile compounds of beef patties with four different lipids (peak area)
Storage Volatile compounds
Lipids  periods - - Total
(mon) I;I:ir;n Alcohol ﬁ;flzs Icfn:s t Acids Furans Sulfer Ester
Beef 0 0.79 1.34 529 024 0.04 012 0.04 0.14 8.00
lipid 6 0.95 2.08 850 045 0.76 0.50 tr! 1.03 15.27
Pork 0 212 213 680 0.05 0.03 0.14 tr 027 11.54
lipid 6 5.79 515 81.79 1.28 1.53 6.78 tr 247 104.79
Chic. 0 3.33 2.08 3349 059 0.10 1.75 tr 0.69 4203
lipid 6 3.59 482 6521 096 1.79 3.95 tr 5.69 86.01
3.49
Palm 0 0.49 1.79 0.29 0.24 0.14 0.03 0.08 6.55
oil 6 1.55 346 1741 0.84 0.83 1.03 tr 2.05 2717
'tr=trace

g3t aFrt 08, ASERFIE 02, A2EFIL
01, F&F7F 01, AF71 004, 3 3gE0)
0.039] £22 Vel A% 6 NEA A&
F AR ST B2 0SS AR} AL 9
Al GUBE/F AL HEFS 8522 EQUTh
e AP EERE GEF 203, ©€F¥F2HF
0.95, AEF7} 044, NAEF7} 1.02, E 87}
049% ARTH & F J53 AL Adsres o
BEE & Fo 2329 & FPYELE HEHXR
oFoteh.

Table 62 Yl 712 o} & & H 78 beef
pattiesell A 2] 67 ¥ 9] AR717F Fe I

A Y713 8-E Jebd Aol Ketoned oleic
acid# linoleic acid®] =}EAtsdd 23 HAE
o|t}. Aldehyde®] 7%, 670 ¥ AA 7]7ko)
AlG Fo) lardol A 6894 81.89) WY E HA
3A F74e AL & £71 Ao EF chicken
fatll %= 1 7} 33540 6528 2718 A
AZATERLE A AP EHNLS S A AEE
o gtk o8} A A 5= ketone E & 7
zhe] Ajwke) 7o) AR b)) wpe}t Z718 4
=6 22 olfoMe Argdr} 1A B
HEAG o RS AT A 5 9y
o lard& 718 Aok o1& larddl 7+
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Ester
Sulfur
B Furans

Beef lipid Pork lipid  Chic. Lipid Palm of

Fig. 1. Beef patties with four lipids (0
month).

B0 T IITIITTITPRPRTN
Ester

100 R T T TTT TRy
2 Sulfur

210 B ETOUSRPRIURION .-~ - SRRV === SRR B Furans

P W®Acids

OKetones
40 b R R R

! & Aidshydes
2 e s RN

" MAkcohol

* 8 Hydocarbon

Beef lipid Pork lipid Chic. Lipid Palm ol

Fig. 2. Beef patties with four lipids fats (6
month).

=& F£#9 linoleic acid?} AHg o] A A
olgtx ARETB oj2g Apge e
21 &3 7bgAFe FAE A= FL L
log A& o) xto] A3t 11 AU E
£ A50e g A8 uhesld 4, Fo,
Joke] S A vl A RS MSE 2
S5

Fig. 13} Fig. 2& $5°) 7z vl 7kA A%
& B F 6A7FY A7l Ad Fo
oz A AE HIE Jepd el of
ZFA 289 chicken fatS 71§ AL
aldehyde®] ko] HY 3 hydro-
carbon GA] L F =d 6719 A
A 7\7ke) A Fols= AadTh v, 5
Y Exe Zfoe AZ7IT] Ad Fo
aldehyde®] F&F°| §33] T7rech =3
ester ¢t sulfur®] FEE F7HIA 4gs En
Aol HAHIEE AAET 5 U tallow
o] ALolE Mg HEFANE F& FFo

= 2=
3T T
2~

fir Ay rle

o
=
Z

ZojAgRo] EFoY 670¥Y AR/ £
T 23|18 aldehyded] Fo] Z4aPSE BY
FAh

Fig. 13 Fig. 2= -8 27 o} 71A) A%
S HUH F 6A17ke) AAA7IZbe] Ad Ff
o7 g AEY HIE vebd Aot o
Z 7 A & chicken fatg 718 AL
aldehyded] %¥°¢] & F#F& EHY I hydro-
carbon FA 2 FFL HA=d o€l A
Z 717k0) At Foll= AAZA T v, £-5
W XY Afdds ARVl A Fol
aldehyded) #Fo| FH3] Z7isidch =g
ester9} sulfur®} FEE F7kHA A3E 30
AR AT E AlALSE -5 W tallow
9] AL AL YPRFAME F& 79
EujdEo) Bgot 671Ee AR/ Fo
T 23]8 aldehyded] F0] A2 E B
FaAt}

2 9

E AFE HEH wet AZE %
ElE 670 E7 -20°Coll ¥5 A3 A 4o
U 0|38ty Wile #53d zolg FRE
2oz YA AR F/HE 4, &
A, AlS AbE 4855 Uy 22%, BhHF 20%
& AH7tsted AR ATH

e g A 2AGNME 747 JU1E 98
AWES EAAL I e Exs A
Ab(unsaturated fatty acid) 9 A% A| A%
A7t AEVL 61L6%E MR EXL AR F o &
7hE & 73golATh

ot X3 Aate 5 HfHAME §A
v H7E 8 HEs) 188%E 7HE %ot
A FH7 & HEANME 15%E 7Y R
=3

671 e A% F W3l & #E IF9
PUFA ¥3lE X &5 dEol HX 19%
7} 100%2 /03, SAE ZA7Ms 3¢ A
A 2719 A F2 AW 282 for-
mic acid7} 59 pg/gl.® 7FA BRI acetic
acid”} 15 pg/g, heptanocic acid7}F 10 pg/g &
o]%lth. propionic acid, butyric acid, valeric
acid, caproic acide HEHA &t A&
A7 & el M= formic acid?y 79 ug
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/gl 2 7} BRI acetic acid?t 32 ug/g
valeric acid”} 74 ug/g, caproic acid?} 10 ug
/g, heptanoic acid”} 31 pg/g €N pro-
pionic acid, butyric acide A& HA ¥dr}
o A S A7He 5 e oM & formic acid
7} 105 pg/gC E 7+ B acetic acid7} 54
ug/g, valeric acid”} 68 upg/g, caproic acid 7}
19 pg/g, heptanoic acid?} 11 pg/gel A& H
3L =R A7bFo A8k ZHo] propionic acid,
butyric acide A& HA &yt FHE F7t
3 & HEld M= formic acid7} 12 pg/gol
AT acetic acid?} 7 pg/g, valeric acid7} 52
ug/g, caproic acid’} 24 pg/g, heptanoic acid
7} 15 pg/gel AESHUX 4, & AW Ut
9} 7Z+o] propionic acid, butyric acidy A&
HA gk

HAd &7 AELE A 5 HEE 6l E
2t ARERE W FIAE Y peak aread] A
gHid=F 53, ¢EFF7E 13, d3dF2Fot
0.8, AEH7 02, A2H=2F7) 01, FEF7}
0.04, 2 gEo) 00322 eyt 6719 A
 Folls Guld =R/t 53004 8528 Fvt
Aot YEFF+= 13994 2022 =909, AE
5 05, A2HEF 1.0, F357F 05, AHF 082
HE Z7Hg oy d3FLAFe 108 2527}
Fom FIFEL AEHA Ut

=A, g A4, F/4E MU % dEoA
T JAl X FA7HEe nAAE GHBEF
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